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Objective: The aim of this study was to determine the in-hospital survival of patients referred
to the 2 stroke centers in North-West of Iran during a full seasonal year from April 2015.
Methods: All the consecutive patients with stroke admitted to the 2 main stroke centers at
Tabriz (Imam Reza University Hospital and Razi University Hospital) were recruited in this
study. Stroke patients from both ischemic and hemorrhagic subtypes were selected based on the
registry data and International Classification of Diseases, 10th edition. At admission, details of
examination including vital signs, neurologic and systemic examination, Modified Rankin Scale,
and Glasgow Coma Scale were recorded. Baseline hematological and biochemical parameter
assessments as well as computerized tomographic scanning were conducted. Cox regression
was used to investigate and detect potential predictors of in-hospital survival.

Results: A total of 1,990 patients with stroke were studied. Males comprised 52.1% (1,036)
of the subjects. The mean age of the patients was 65.8 years. Three hundred and fifty-seven
(17.9%) patients had hemorrhagic stroke vs 1,633 (82.1%) with ischemic stroke. In-hospital
case-fatality proportion was 12.5% (95% CI: 11.1-14). Based on modified Rankin Scale score
at admission, 1,377 of 1,990 patients (69.2%) had a poor outcome (modified Rankin Scale
score >3) at the admission time. The regression analysis showed that at least 7 variables could
independently predict hospital survival of patients with stroke including age 265 years, higher
admission modified Rankin Scale score, lower admission Glasgow Coma Scale score, hemor-
rhagic stroke nature, diabetes, having valvular heart disease, and having aspiration pneumonia.
Conclusion: The case-fatality of stroke in the present study setting is high and needs to be
appropriately addressed through prevention or management of some of these factors such as
diabetes, pneumonia, and valvular heart diseases.
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Introduction
Stroke is a serious neurologic disease leading to disability and death worldwide. Stroke
is the fifth most common cause of mortality and a prominent cause of disability in the
United States.! Hemorrhagic stroke ranks the highest with respect to in-hospital fatality
among stroke subtypes, with a range of about 24%-28% reported based on various
studies.' It is also considered a major public health problem with high morbidity and
mortality in low- and middle-income countries, including Iran, with rates exceeding
that in high-income countries.*®

Although, hospitalization, especially in stroke-designated centers, has been shown
to improve the prognosis of stroke, it is quite vital to improve stroke outcomes and
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survival through depicting the role of stroke predictors
especially those that can be manipulated for this purpose.®!!
Stroke mortality, especially in-hospital mortality, is an out-
standing indicator in stroke care and control. In-hospital mor-
tality of stroke reflects the efficiency of medical care for this
disease. Stroke promotion programs worldwide focus on the
reduction of morbidity and mortality of this disease, particu-
larly the in-hospital mortality. In order to achieve this goal,
it is recommended that the time of delivery of stroke care be
shortened as much as possible. Moreover, the quality of care
of stroke, including thrombolysis and thrombectomy, as the
most updated approved treatment needs to be improved.>!2-16
In line with the everyday developing programs of stroke care
promotion, identifying in-hospital mortality predictors and
their integration could advance stroke medical care further.

The studies investigating epidemiology, risk factors, and
outcomes of stroke which are conducted based on quality
registries from low- and middle-income countries including
Iran are scarce.*'72° This is crucial because hospital fatality
or its predictors or at least the magnitudes of effect sizes
of potential predictors could vary in different populations.
Although some studies have been conducted comparing
stroke mortality over some potential predictors, due to lack
of comprehensive assessments of potential predictors such
as the situation in stroke registries, there is a need for prog-
nostic studies using appropriate data while capturing natural
variations in stroke distributions over time, location, and a
comprehensive set clinical and paraclinical investigations
including stroke severity surrogates. The implementation
of the Tabriz pilot national stroke registry in Iran has pro-
vided such an opportunity. The aim of this study, as the first
analytical report from Tabriz Stroke Registry (TSR), was to
determine the in-hospital survival of patients referred to the
2 stroke centers in North-West of Iran during a full seasonal
year from April 2015.

Methods

This study enrolled patients with stroke registered between
April 2015 and April 2016 in the stroke registry of East
Azerbaijan Province of Iran named TSR.

Prospective ascertainment of cases was carried out
by a combined hot and cold pursuit of admitted patients
hospitalized with diagnosis of stroke to any of the wards in
the involved hospitals. Case definition in TSR is based on
the current World Health Organization definition of stroke
as “rapidly developing clinical signs of focal (or global)
disturbance of cerebral function, lasting more than 24 hours
(unless interrupted by surgery or leading to death), with no

apparent cause other than that of vascular origin.”?' Stroke
patients from both ischemic and hemorrhagic subtypes were
selected based on the registry data and International Clas-
sification of Diseases, 10th edition nomenclature.

Diagnosis was recorded based on International Clas-
sification of Diseases, 10th edition categorization, as one
of 3 types including ischemic stroke, hemorrhagic stroke,
or other diagnosis. Subtypes were also recorded including
thrombotic stroke (and the involved vessel) or embolic stroke
(and the source of emboli) as subtypes of ischemic stroke,
intracerebral hemorrhage or intraventricular hemorrhage or
subarachnoid hemorrhage as subtypes of hemorrhagic stroke,
or stroke of uncertain type as subtypes of the other diagnosis.

This explanation was added to the main text and
highlighted.

The registry data collection was started from 2015 regu-
larly, consecutively, and in the paper-based manner, and has
been continued since then. The paper-based manner was later
transferred to a software platform specifically designed for
this registry. The full registry collects data on over 150 ele-
ments, including demographic information, clinical findings,
primary imaging and lab findings, history of risk factors,
drug history, discharge, follow-up, stroke severity indicators,
complications, and delivered treatments. Data collection
occurs at 3 phases: admission, discharge, and follow-up.
Details of Tabriz stoke registry are given elsewhere [Design
and Implementation of Tabriz Stroke Registry, unpublished
data, 2017]. Parts of the registry elements approved to be
included in present research form part of a PhD degree thesis
project at Tabriz Neuroscience Research Center for the time
period up to discharge or death at the hospital.

All the consecutive patients with stroke admitted to
the 2 main stroke centers at Tabriz (Imam Reza University
Hospital and Razi University Hospital) were registered and
consequently recruited in this study.

Trained abstractors, who were educated physicians,
reviewed the primary data for each case recorded in the
hospital, then they visited the patients and data collection
was continued afterwards. Data were further completed on
discharge, and then after 3-month follow-up.

A detailed medical history of the condition presentation
including headache, vomiting, seizures, loss of conscious-
ness, and focal neurological deficits was obtained and a
history of risk factors was taken. At admission, details of
examination including vital signs, systemic examination,
Modified Rankin Scale (mRS), and Glasgow Coma Scale
(GCS) were recorded. Baseline hematological and bio-
chemical parameter assessments as well as computerized
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tomographic scanning were conducted. The primary outcome
of interest in present study was either death or survival within
the hospital.

Statistical analysis

Data analysis was conducted using STATA version 14 statisti-
cal software package (StataCorp LLC, College Station, TX,
USA). Both descriptive and analytical methods were applied.
Kaplan—Meier survival graphs were produced to compare
survival rates between various conditions. Multiple semi-
parametric Cox regression model was used to investigate
and detect potential predictors of in-hospital survival, and
hazard ratios along with their 95% Cls were reported. The
proportional hazard assumption was checked and confirmed
to hold. A P-value below 0.05 was considered statistically
significant.

Ethical considerations

The study was approved as part of a PhD thesis project by the
research committee and regional ethics committee at Tabriz
University of Medical Sciences.

During admission, patients gave their written informed
consent to transfer their data into academic databases includ-
ing registries. Throughout data collection, no further inter-
ventions or tests were defined other than the routine clinical
procedures of the hospital, and thus additional consent taking
was not required. Moreover, the administrative processes in
the TSR included identity protection, and therefore access
to the identity information of the patients in the registry is
highly restricted. All the data included in this manuscript
are deidentified.

Results
A total of 1,990 patients with stroke were studied. Males
comprised 52.1% (1,036) of the subjects. The mean age was
65.8 years with SD of 14.8. The mean age for male patients
was 66.3 years (SD =14.4) and for female patients was 65.3
years (SD =15.3) with no significant difference (P=0.1). The
other demographic data of patients are presented in Table 1.

With respect to the type of stroke, 357 (17.9%) were hem-
orrhagic vs 1,633 (82.1%) with ischemic stroke. In 93.5% of
the subjects, the symptoms were identified at home.

The baseline admission values of some blood bioassays
are given in Table 2, compared for males and females.

Median GCS scores of the patients at admission were
13.8 and 15, respectively (interquartile range =1). A GCS
below 13 was observed in 18%, and a GCS below 10 was

Table | Demographic data of recruited cases and P-value for
mortality prediction

Demographics Sex Number  Percentage P-value

Previous stroke Male 226 21.8 0.56
Female 198 20.8
Total 424 21.3

Diabetes mellitus Male 802 774 0.001*
Female 675 70.8
Total 14.77 74.2

Hypertension Male 654 63.1 <0.001*
Female 706 74
Total 1,360 68.3

Smoking Male 312 30.1 <0.001*
Female 23 2.4
Total 335 16.8

Hyperlipidemia Male 142 13.7 <0.001*
Female 195 20.4
Total 337 16.9

Note: *Statistically significant.

Table 2 Blood bioassay results of patients with stroke between
males and females

Assay Sex Mean  Maedian SD IQR
Baseline HDL Male 36 12
Female 4] 14
Total 38 13
Baseline LDL Male 92 45
Female 99 48
Total 95 46
Baseline TG Male 105 68
Female 120 86
Total 11 75
Baseline cholesterol Male 165 44
Female 183 47
Total 174 46
Baseline FBS Male 105 38
Female 107 52
Total 105 45
Baseline Hct Male 43 5.4
Female 39 52
Total 41 5.6
Baseline Hb Male 14 2
Female 12.7 1.9
Total 13.4 2.1

Abbreviations: FBS, fasting blood sugar; Hb, hemoglobin; Hct, hematoccrit; HDL,
high-density lipoprotein; IQR < interquartile range; LDL, low-density lipoprotein;
TG, triglyceride.

observed in 9.3% of the participants. Mean mRS scores of
the patients at admission were 3.3 (SD =1.4).

It was shown that those with diabetes mellitus were 1.8
times more likely to have ischemic stroke rather than hemor-
rhagic stroke (odds ratio =1.81, 95 CI: 1.4-2.4).

In-hospital case-fatality proportion was 12.5% (95% CI:
11.1-14). The case-fatality was 25.1% and 1.7% for Imam
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Reza and Razi University hospitals, respectively (Table
3). Based on mRS at admission, 1,377 of 1,990 patients
(69.2%) had a poor outcome (mRS >3) at the admission
time.

The multiple Cox regression analysis showed that at least
7 variables could independently predict hospital survival of
patients with stroke. The elderly (=65 years) were 1.6 times
more likely to die during hospitalization. Higher admission
mRS scores, lower admission GCS score, hemorrhagic stroke
nature, diabetes, having valvular heart disease, and having
aspiration pneumonia increased the risk of hospital mortal-
ity (Table 4). Diagnosis of aspiration pneumonia was based
on positive sputum culture, which was requested when the
medical team suspected pneumonia based upon the clinical
presentations.

Mean scores of mRS and GCS at admission time, as the
surrogates of stroke severity, were compared for different
variables, and the results are shown in Figure 1. Figure 2
compares the survival graphs for age group and stroke type.
The elderly (=65 years) patients with hemorrhagic stroke
had a hazard ratio of hospital mortality equal to 2.4 (95%
CI: 1.5-3.6) when compared to those with ischemic stroke
and age under 65 years, after controlling for other factors
included in the model.

Discussion
In line with the findings of the previous studies, we found
that, in-hospital case-fatality in patients admitted with stroke
was associated with higher age, stroke severity, stroke nature
(type), and some medical conditions and comorbidities.
Cox multiple regression analyses showed that increasing
age, higher admission mRS scores, lower admission GCS
score, hemorrhagic stroke nature, diabetes, having valvular
heart disease, and having aspiration pneumonia increased the
risk of hospital mortality, each being independent predictors

Table 4 Results from TSR of multiple regression analysis to
determine independent predictors of in-hospital stroke mortality

Survival predictors Hazard ratio P-value 95% CI
Age 265 years 1.55 0.002 1.18-2.05
Admission NIHSS

Admission mRS 2.30 <0.001 1.80-2.93
Admission GCS 0.87 <0.001 0.83-0.92
Hemorrhagic stroke 1.55 0.002 1.17-2.05
Diabetes 1.49 0.008 1.11-2.00
Valvular heart disease 2.57 0.04 1.04-6.35
Aspiration pneumonia 1.47 0.018 1.07-2.01

Abbreviations: GCS, Glasgow Coma Scale; mRS, modified Rankin Scale; NIHSS,
National Institute of Health Stroke Scale; TSR, Tabirz Stroke Registry.

of survival. Gender and smoking, although considered as
survival predictors in some studies, were not found to affect
the survival of patients admitted with stroke while controlling
for their potential effect in multivariate model. These did not
also show they could confound the effect of other potential
predictors of in-hospital survival. However, it should be
taken into account that our study only aimed at short-term
survival. A stroke cohort assessing 10-year survival of stroke
patients found that adjusting for age, stroke severity, stroke
type, and risk factors, females had a higher probability of
survival at 1-, 5-, and 10-year follow-ups but no such a dif-
ference could be explored 9 months post-stroke concluding
that short-term survival of stroke is not affected by gender.?
The time dependency of gender effect on stroke has also
been reported by Olsen et al? through a very recent Danish
study; nevertheless, they believed that female/male stroke
mortality rate favors females from the first month of stroke
while reversing over the second month in favor of males, then
back to female survival advantage afterwards.

Similarly, the effect of smoking on long-term survival
is reported in some studies?*?® mostly assessing long-term

Table 3 In-hospital mortality statistics according to the stroke type, age group, and center

Age groups All ages Nonelderly (<65 years) Elderly (265 years)

Center name Stroke type NAP CFP CFP 95% CI NAP  CFP CFP 95% CI NAP CFP CFP 95% CI

Imam Reza Ischemic 638 0202  0.172-0.235 270 0.126  0.089-0.172 368 0.258  0.214-0.306

Center Hemorrhagic 28| 0.363  0.307-0.422 158 0.253  0.187-0.328 123 0.504  0.412-0.595
Total 919 0.251 0.224-0.281 428 0.173  0.138-0.212 491 0320  0.279-0.363

Razi Center Ischemic 995 0.016  0.009-0.026 427 0.007  0.001-0.020 568 0.023 0.012-0.039
Hemorrhagic 76 0.026  0.003-0.092 40 0.000  0.000-0.088 36 0.056  0.007-0.187
Total 1,071 0.017  0.010-0.026 467 0.006  0.001-0.019 604 0.025  0.014-0.041

Both centers Ischemic 1,633 0.089  0.075-0.104 697 0.053  0.038-0.072 936 0.115  0.096-0.138
Hemorrhagic 357 0.291 0.245-0.341 198 0.202  0.148-0.265 159 0.403 0.326-0.483
Total 1,990 0.125  0.111-0.140 895 0.086  0.068-0.106 1,095 0.157  0.136-0.180

Abbreviations: CFP, case-fatality proportion; NAP, number of admitted patients.
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Figure | Mean scores of mRS and GCS at admission time compared for different variables.

Abbreviations: GCS, Glasgow Coma Scale; mRS, modified Rankin Scale.

survival, such as the one by Kim et al?® from Canada who
found that patients with stroke who smoked at the time of
their stroke or prior to that had higher risk of mortality when
compared with patients who were never smokers. However,
this should be interpreted with caution due to the fact that
at least part of such mortality may be due to higher risk of
recurrence of stroke among smokers over the long period of
assessment for long-term survival. Although smoking is used
by the iScore, well-conducted studies based on American
stroke registry on stroke patients with thrombolytic therapy
did not find smoking to be associated with in-hospital mor-
tality.”” Another argument to be considered in the discussion
regarding the association of smoking with stroke fatality is
that the effect of smoking on survival may be confounded by
stroke severity. In the present study, mRS and GCS at admis-
sion time were included as indicators of stroke severity in a
multivariate model finding no independent role for smoking
on short-term survival. Similarly, a large study with above
16,000 stroke patients in Denmark which had included the

National Institute of Health Stroke Scale
analysis has not reported the smoking as an independent

in multivariate

stroke survival predictor.*

It has been commonly stated by many studies that increas-
ing age is an independent risk factor for in-hospital death,
however, some studies have assumed the effect of age to be
more especially for the elderly (=65 years), but it could not
be independently associated with poor outcome (mRS >3)
assessed through mRS score at discharge.?*3! Although age
may possess an effect through increased severity of stroke
assessed by GCS and mRS scores as early outcomes, our
study showed that even after controlling for baseline GCS,
mRS scores, as well as comorbid conditions, age >65 years
increased the risk of hospital mortality by 55%. A study from
Cameroon with a similar design and analysis methodology
to ours and including both ischemic and hemorrhagic stroke
found that only the GCS, hyperglycemia, and the hemorrhagic
nature of the stroke were found to be independent predictors
of in-hospital survival and that age was not found to be an
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Figure 2 Kaplan—Meier survival estimates according to stroke type and age group among hospitalized stroke patients in Tabriz, Iran.

independent predictor of survival.®> The mentioned study
has the statistical power limitation due to low sample size.
However, the current investigation incorporated a sample size
approximately six times higher, and this could provide more
statistical power for detection of predictors.

Our study showed that admission GCS and mRS scores
are potent predictors of in-hospital survival. In case of hem-
orrhagic stroke, it has been shown that even assessing easily
measurable levels of consciousness can have much higher
predictive power than imaging predictors such as estimating
the hemorrhage volume through computerized tomography
or transcranial Doppler sonography examination in stroke
patients. 3

Acute stroke case-fatality rates can be used as a quality
indicator for acute stroke treatment, but after taking into
account the potential confounders.** One such a confounding
factor could be severity indicators such as mRS and GCS at
admission.

Imam Reza center is the referral designated stroke center
in the northwest of Iran. It has been shown that regardless
of the individual predictors of in-hospital mortality, being

admitted to a designated stroke center could improve survival
after intracerebral hemorrhage.’ The overall case-fatality
proportion was 12.5% in current study. It reached up to
25.1% in Imam Reza University Hospital vs only 1.7% in
Razi University Hospital. This is expected due to the sever-
ity confounding effect. Imam Reza University Hospital is
a referral center that admits severe stroke cases, and those
who come with a less severe condition are usually referred to
Razi University Hospital. This means that severity status is
associated with hospital selection, and thus considering the
known association between severity and fatality, a confound-
ing effect exists; therefore, the lower case-fatality proportions
at Razi cannot be attributed to its higher quality of care. The
case-fatality in Imam Reza University Hospital was nearly 5
times that of the study in Denmark; however, about 90% of
the patients referred to it had a moderate-to-severe status vs
about 50% in the Danish study.*® Other major factors to be
taken into account in interpreting and comparing case-fatality
rates could be age distribution and comorbidities.
Although the current study has assessed the predictors
of in-hospital survival which are considered for short-term
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prognosis, it has been demonstrated that short-term and long-
term stroke case-fatality share many common predictors.*
We found several medical conditions affecting the likeli-
hood of stroke survival. Although some predictors of stroke
are difficult to be prevented, medical conditions such as
pneumonia can be dealt with high priority in stroke centers.
Actually, it has been stated that the majority of improvement
in stroke prognosis could be attributed to better prevention
or management plans for complications in recent decades.*’

Conclusion

The case-fatality of stroke in present study setting is high
and needs to be appropriately addressed through prevention
or management of some of these factors such as diabetes,
pneumonia, and valvar heart diseases.
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