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Abstract

Aim: Predicting of the stroke prognosis has utmost importance as the disease has a heavy socioeconomical burden. For this
reason, instruments such as stroke severity scales, stroke volume calculations and various biomarkers are used for determination
of prognosis. NIHS scale, stroke volume, stroke type, neutrophil/lymphocyte ratio and C-reactive protein levels were reported to be
associated with stroke prognosis. In this study we aim to investigate the relationship between these parameters with 8-year-survival
from stroke.

Materials and Methods: Between January 2010 and January 2012, all patients aged over 18 and diagnosed with arterial stroke were
retrospectively investigated. Data regarding survival status were obtained from Death Reporting System (https://obs.gov.tr/) under
the surveillance of Ministry of Health. NIHS scale, stroke volume, stroke subtype, neutrophil/lymphocyte ratio and C- reactive protein
levels were obtained and compared in deceased and living patients and association between those parameters and survival was
sought.

Results: Advanced age, male gender, NIHS scale, stroke volume, stroke subtype, neutrophil/lymphocyte ratio were associated with
stroke survival. C-reactive protein levels were not be found associated.

Conclusion: Our results were consistent with the literature and, NIHS scale, stroke volume, stroke subtype, neutrophil/lymphocyte
ratio predicted the stroke prognosis. As there is not enough data present in the literature, our findings were remarkable.
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INTRODUCTION

Stroke, which is defined by the World Health Organization
as findings correlated with focal or global impairment
of cerebral functions that rapidly develop and last for
more than 24 hours or more or lead to death, affects

The severity of stroke and the post-treatment functionality
can be predicted by specific scales. In the studies
conducted with (National Institute of Health Stroke Scale
(NIHSS), which is one of these scales, it is reported that
changes in the NIHSS scale and infarction volume are
correlated with 90-day stroke outcomes in patients (5).

approximately 33 million people worldwide every year
and is more common in developing countries (1.2). Acute
stroke is one of the common causes of morbidity and
mortality across the globe (3). It is the third most common
cause of death in our country (4). Since the mortality and
morbidity rates are high, it is important to predict the
early and late stage prognosis of these patients. Several
studies were conducted in the literature to estimate the
risk assessment and stroke prognosis (5-8).

However, a sufficient number of studies investigating the
correlation between ischemic volume and prognosis are
not available. Its effect on short and long-term prognosis
is reported to be different (6). It is also reported that
inflammatory markers such as C-reactive protein (CRP),
TNF-alpha and interleukin-6 may be correlated with
stroke prognosis (9.10). Itis also reported that neutrophils
play a key role in atherogenesis and atherothrombosis
(11) and short-term mortality can be predicted based
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on neutrophil/lymphocyte (N/L) ratio (12). C-reactive
protein is an indicator of systemic inflammation and
several studies have demonstrated that it can predict
atherosclerosis burden (13). Although a large number of
studies indicate that CRP is correlated with an increased
risk of stroke (14), some studies reporting that there is not
any significant correlation are also available (15).

In the literature, a sufficient number of studies
investigating the correlation between the long-term
prognosis of ischemic stroke and these parameters are
not available. Therefore, we aimed to investigate the
correlation between NIHSS, ischemic volume, N/L ratio
and CRP level and survival for approximately 8 years in
patients with ischemic stroke.

MATERIALS and METHODS

The folders of patients older than 18 years, who were
diagnosed with arterial ischemic stroke in the neurology
clinicin January 2010 - January 2012, were retrospectively
reviewed. Stroke classification was made with Trial of
Org 10172 in Acute Stroke Treatment (TOAST). In this
classification, it is divided into two groups as cardiac
(cardiac embolism) and non-cardiac (large vessel
occlusion, ischemic lacunar stroke, other determined
etiology and unknown etiologies). The survival of patients
were evaluated by their TR ID numbers in Republic of
Turkey Ministry of Health, Directorate of Public Health,
Death Notification System (https://obs.gov.tr/). If the
patient died, the duration (in months) from ischemic stroke
until death was noted whereas the duration from the
ischemic stroke until the examination was noted for the
surviving patient. NIHSS scores, neutrophil/lymphocyte
ratios, cardiac arrhythmias, cardiac valve pathologies,
systemic diseases other than wall pathologies
(hypertension, diabetes mellitus, hyperlipidemia, chronic
kidney, lung and liver diseases, thyroid disorders) were
also noted from the folders of the patients. Those with
a single systemic disease and those with at least two
systemic diseases were studied separately. Ischemia
volume was calculated by using the Analyze 11.0 program
from the diffusion magnetic resonance imaging (MRI)
taken at the time of diagnosis. Patients who had at
least two different etiologies, had previously had stroke,
developed hemorrhagic transformation, pregnant women,
postpartum patients, patients with intracranial space-
occupying lesion and demyelinating disease, those with
malignancy or rheumatologic disease and those who died
during their follow-up were not included in the study. In
addition, cases with missing data in any of the parameters
were not included in the study (Figure 1).

All MRI examinations were made with a 1.5 T MRl scanner
(Magnetom Avanto, Siemens Healthcare, Forcheim,
Germany). All patients included in the study had diffusion-
weighted imaging. The volume of ischemia was measured
by a single radiologist who was blind to patient data.
Evaluation was calculated with Analysis 11.0 software
(Analyze Direct Inc., Kansas City, USA).

This study was approved by our corporate ethics
committee and written informed consent for all matters
was obtained.

Statistical Analysis

The consistency of data with normal distribution was
compared with the D'Agostino-Pearson test. Nominal
variables were compared by chi-square test. Data
related to survival were analyzed by logistic regression
model and independent factors were evaluated. Two
independent sampling T-tests were used for parameters
with normal distribution. The value of <0.05 was accepted
as significant for two-way p-value. All statistical analyzes
were conducted with Medcalc program (Medcalc ver 12,
Ostend, Belgium).

RESULTS

A total of 136 patients (65 with cardiac ischemic stroke
and 71 with non-cardiac ischemic stroke) with a follow-
up of 8 years were evaluated. From the patients with non-
cardiac ischemic stroke, 36 had large vessel occlusion,
27 had ischemic lacunar stroke, 7 had other determined
etiology (dissection (1), vasculitis (1), antiphospholipid
antibody syndrome (1), and other hypercoagulable states
(4)) and 1 had unknown etiology. The mean age of the dead
and surviving cases were 73.3 and 62.5, respectively, and
a statistically significant difference was found (Table-1).
44.9% (n=61) of the patients were male. Death rates within
the first year were 16.9% for the cardiac stroke and 26.8%
for the non-cardiac stroke. A significant difference was
found between the stroke sub-types and the groups, and
the mortality rate was higher in the non-cardiac stroke
group (p=0.026). Demographic and study data belong to
survived and died patient groups were given in Table 1
with corresponding p values. Age, gender, type of stroke,

| Acute Ischemic Stroke (n = Fits at least two etialog:
507) | — 2
| |n=13)

Non-Cardiac Stroke (n = 358) [Major |
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Figure 1. Inclusion and exclusion criteria
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NIHSS scores, volume of ischemia, N/L rates, CRP levels
and their effects on survival were assessed with logistic
regression analysis. All parameters except for CRP levels
were independently associated with 8-year survival
(Table-2).

DISCUSSION

In our study, long-term prognosis of cardiac and non-
cardiac ischemic stroke was investigated and interesting
findings were obtained. Ischemic stroke is one of the
major causes of death in many countries. Mortality in the
first year of the disease ranged between 21% and 30%,
while permanent disability was reported in 15-30% of
the survivors (16.17). When the socio-economic burden
of patients with ischemic stroke is evaluated, knowing
the prognosis of patients is important for planning
additional measures, treatment and care. Thus, different
markers were used to predict the prognosis (volume of
ischemia, stroke severity scales, serum biomarkers etc.)
(5.8.10.12.18). The severity of first stroke is an important
indicator of the clinical outcome for patients with acute
ischemic stroke. Different scales are used for determining
the severity of stroke (19.20). NIHSS scale is one of the
most commonly used scales. In a study where NIHSS
scale was used, it was found to be correlated with the
prognosis (19). Similarly, in a study investigating hospital
mortality rates, it was found that advanced age and high
NIHSS scores were correlated with the mortality rate (7).

In a study where short and long-term prognosis in elderly
patients with stroke was investigated, NIHSS scores were
found to be correlated with both factors (21). A sufficient
number of studies investigating the correlation between
long-term prognosis and gender are not available in the
literature. In a study investigating ninety-day survival,
a significant correlation between age and survival was
reported, but no correlation was found between 90-day
survival and gender (20). In a study where 5-year-survival
in patients with ischemic lacunar stroke was investigated,
a correlation was found between age and male gender
and death (22). Male gender is reported to be correlated
with long-term negative outcome in ischemic strokes
in young adults (23). Although any difference between
1-year survival and gender was not found in another
study, mortality was demonstrated to be higher in older
women (> 85). We also ascertained that 22.1% of the
patients died in the first year, which is consistent with
the literature. Our findings indicate that NIHSS scores
of patients are a good predictor of long-term prognosis.
In our study, a significant difference was found between
the mean NIHSS scores of the groups of surviving and
dead patients. The mean age of the the group of dead
patients was significantly higher than the mean age of
the surviving group. According to the logistic regression
analysis, age and high NIHSS scores had a negative effect
on survival. No difference was found between the groups
of surviving and dead patients by means of gender, which

Table-1: Stroke variables in groups of surviving and dead patients and the corresponding p-values.

Dead (n=69)
Mean age * ss 73.3+10.1
Gender
Male, number (%) 33(47.8)
Type of Stroke, number (%)
Cardiac 26 (37.7)
Non-Cardiac 43 (62.3)
Cigarettes, number (%) 23(33.3)
Alcohol, number (%) 4(5.8)
At least one systemic disorder, number (%) 39 (56.5)
At least two systemic disorders, number (%) 21 (30.4)
Mean NIHSS 10
Mean stroke volume, cm3 27.09
Mean N/L ratio 2.3
Mean CRP 2.5

Surviving (n=67) Total p
62.5+11.4 69.3+11.5 <0.001
28 (41.8) 61 (44.9) 0.592
39(58.2) 65 (47.8) 0.026
28 (41.8) 71(52.2)

20 (29.9) 43 (31.6) 0.809
4 (6) 8(5.9) 0.913
28 (41.8) 67 (49.3) 0.122
9(13.4) 30 (22.1) 0.029
5 7 <0.001
16.49 5.58 0.001
1.6 1.97 <0.001
0.8 1.7 <0.001

Table 2. Logistic regression analysis of survival for approx. 8 years and other parameters

Fixed
Age -0.124
Gender (Male) -2.31
NIHSS -0.29
Volume -0.00007
Type of Stroke (Cardiac) 1.99
N/L -2.34
CRP -0.333

Standard Error p
0.048 0.009
0.979 0.018
0.117 0.012

-0.000003 0.013
0.921 0.031
0.751 0.018
0.239 0.163
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was consistent with the literature. However, male gender
was found to have a negative effect on 8-year survival.

In the literature, it was reported that early neurological
impairment and initial NIHSS scores and ischemia
volume were correlated. In a study investigating the
6-month prognosis, the ischemia volume was reported to
be correlated with prognosis (26). In a study conducted
on patients with moderate cerebral artery occlusion
who were administered endovascular treatment, the
ischemia volume was found to be correlated with clinical
improvement (27). In the aforementioned studies, the
correlation between long-term prognosis and ischemia
volume has not been studied and a sufficient number of
studies on long-term prognosis are not available in the
literature. In a study investigating the ischemia volume
with short and long-term prognosis, it was reported
that ischemia volume may be a marker for short-term
prognosis but the same conclusion is not valid for long-
term (6). In our study, we found that the ischemia volume
was different between the dead and the surviving groups,
and the mean ischemia volume was higher in the group of
dead patients. We also determined by logistic regression
analysis that the ischemia volume has a negative effect
on survival.

A sufficient number of studies investigating the correlation
between sub-types of ischemic stroke and prognosis are
not available in the literature. In a study where a two-year
prognosis was investigated in sub-types of ischemic
stroke, mortality was reported to be correlated with
large vessel occlusion and stroke sub-type was effective
in predicting the long-term prognosis (28). In a study
investigating a 5-year prognosis in patients with ischemic
lacunar stroke, it was reported that poor prognosis rate
was higher compared to the normal population after
the first several years (22). In our study, a statistically
significant difference was found between the rates of
deceased patients in cardiac and non-cardiac stroke
groups. The mortality rate was higher in the non-cardiac
group and cardiac stroke had a positive effect on survival
for approximately 8 years. In our non-cardiac group, the
majority of patients had large vessel occlusion which was
followed by ischemic lacunar stroke.

It has been reported in the literature that ischemia
prognosis and survival were determined by multiple
factors (29). In a large-scale study, the incidence of
another medical condition in patients with stroke was
reported to be higher compared to the non-stroke group.
In the same study, the number of other medical conditions
was found to be correlated with the stroke (30). In a large-
scale study with 9-year follow-up, multiple comorbid
condition was reported to be an independent predictor
of poor prognosis (31). Our findings were consistent with
the literature and a significant statistical difference was
found between the groups regarding the presence of at
least two or more systemic diseases.

Recent clinical studies have shown that high N/L levels
have predictive power for the prognosis, severity and

mortality rates of atherosclerosis, cardiovascular and
cerebrovascular diseases (32.33).

In some studies, neutrophils have been demonstrated to
cause neutrophil invasion and plaque rupture by secreting
mediators such as proteolytic enzymes, arachidonic acid,
elastase and free oxygen radicals (34.35). In particular,
it has been reported that the initial neutrophil count
increases the severity of ischemic injury and causes
poor neurological prognosis (12). Acute ischemic stroke
was reported to be correlated with high N/L ratio (36). In
another study, it was reported that N/L ratio and C-reactive
protein elevation in the first 24 hours of acute ischemic
stroke were correlated with poor prognosis (37). CRP is
an indicator of inflammation in both acute and chronic
systemic inflammation (38). In an autopsy study, CRP
density in atherosclerotic coronary arteries was reported
to be correlated with intimal thickness (39). In addition,
studies have demonstrated that high CRP level is a strong
risk factor for fatal stroke (40). In our study, we found a
significant difference between the N/L ratio and CRP
levels between the groups of dead and surviving patients,
both of which were higher in the group of dead patients.
Among the parameters of N/L ratio and CRP levels, only
N/L ratio was associated with long-term survival.

The requirement for predicting the prognosis of the
disease is important as caretakers should plan the
measures such as treatment and rehabilitation of stroke
patients since the number of elderly people is increasing
and patients with ischemic stroke is more frequently
encountered. Therefore, we think that the results of our
study are remarkable, but further studies on a larger
sampling group will provide us more objective results.

Our study reflects long-term results for predicting the
prognosis in patients with ischemic stroke. Age, gender,
NIHSS, ischemia volume and N/L ratios may serve as
a guide for the prediction of long-term prognosis. The
burden of systemic disease also affects the survival of
patients.
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