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Aims: Stroke is the third leading cause of disability and the second leading cause of death 
worldwide. Due to the effects of different factors on stroke mortality, the present study aims 
to determine the in-hospital mortality rate of stroke and its related factors at Ali-Ibn-Abi Talib 
Hospital of Rafsanjan.

Methods: In this cross-sectional descriptive study, the records of all dead patients with the 
diagnosis of stroke at Ali-Ibn-Abi Talib Hospital of Rafsanjan were studied for the period of 
2012-2017. The inclusion criteria were the definite diagnosis of stroke not longer than 72 hours 
from the onset of symptoms and being older than 18 years at the time of stroke. The exclusion 
criteria included other fatal cerebral lesions, having incomplete information for the records, 
death at the time of admission, and having an indefinite cause of death.

Results: From among 2,199 stroke patients (the mean age was 68.46±15.67, 46% male, 54% 
female) who were hospitalized, 9.04% (199 patients) died during the hospitalization period. 
The in-hospital mortality rate was 7.54% (n=142) and 17.98% (n=57) in ischemic stroke and 
cerebral hemorrhage, respectively. The major risk factor percentages in died patients were 
68.3% hypertension, 35.7% diabetes mellitus, 18.6% cholesterolemia. The most common fatal 
complications in died patients included neurological complications (48.7%, n=97), infections 
(23.1%, n=46), cardiac complications (18.1%, n=36), and thromboembolism (5.5%).

Conclusions: Our findings are consistent with other studies about risk factors and complications 
of a stroke. We should focus on the prevention of complications in stroke patients by controlling 
important risk factors.

ABSTRACTDate submitted:
18.06.2020
Date accepted:
27.10.2020
Online publication date:
15.06.2021

Corresponding Author:
Zahra Kamiab, Asst. M.D., Prof., 
Department of Family Medicine, 
Faculty of Medicine; Clinical Research 
Development Unit, Ali-Ibn Abi-Talib 
Hospital, Rafsanjan University of 
Medical Sciences, Rafsanjan, Iran
ORCID:  
orcid.org/0000-0001-6670-1828

Keywords: Mortality, stroke, risk 
factors, Rafsanjan

 Introduction
Stroke is a syndrome characterized by the acute onset of 

neurological symptoms for at least 24 hours, which is caused 
by a central nervous system condition resulting from a disorder 
in the cerebral blood flow. Thus, the syndrome is characterized 
by the four main manifestations of acute onset, the duration of 
disorder, vascular origin, and the local complication (1). Stroke 
is the third leading cause of disability and the second leading 
cause of death after heart diseases worldwide (2,3). About 70% 
of stroke cases and 87% of its related deaths and disabilities 
occur in low- and middle-income countries (3). The prevalence 
of risk factors for stroke and the related deaths is higher in Asian 

countries than in Western countries; it is also higher in Iran as 
one of the middle-income countries in the Middle East (4,5). In 
Iran, stroke is one of the major causes of mortality and disability 
(6). Identifying the risk factors of stroke and its incidence 
increase life expectancy (7). Risk factors for stroke include male 
gender, smoking, and high levels of alcohol consumption (1,8). 
The mortality rate of stroke in every country depends on various 
factors, such as the social class and geographical area of the 
affected people. The incidence of stroke in developed countries 
is 5 cases per 1,000 persons. However, the incidence rate in 
developing countries is about 5-10 cases per 1,000 individuals 
(9). In the study conducted by Mazdeh and Seif Rabiei (10), the 
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overall mortality rate of stroke patients was determined to be 
59.19%. Stroke patients are susceptible to many neurological 
and non-neurological complications. Neurological complications 
are less common than non-neurological ones but occur sooner 
(11). Post-stroke complications are the leading causes of 
death in the acute and subacute stroke phases (12). These 
complications, though not life-threatening, lead to prolonged 
hospitalization, adverse functional outcomes, and delayed 
rehabilitation. Most of these complications occur within the first 
weeks of stroke (13). According to studies conducted in the 
first trimester of stroke, mortality rates within the first week of 
stroke are very high but gradually decrease (14). The major 
risk factors of post-stroke complications include being of an 
older age, experiencing highly severe stroke, having a previous 
disability, as well as related diseases, such as diabetes mellitus 
(DM), hypertension (HTN), and ischemic heart diseases (IHD) 
(15). The prognosis and mortality of stroke patients depend on 
stroke complications and the interaction among age, sex, stroke 
severity, and its type (16). Since mortality is an important health 
indicator, and stroke is preventable, it is vital to know more about 
its risk factors so as to analyze the stroke rate and its related 
burden (9,17).Therefore, this study was conducted to determine 
the in-hospital mortality rate of stroke and its related factors at 
Ali-Ibn-Abi Talib Hospital of Rafsanjan.

Methods
In this retrospective cross-sectional study, the records of 

patients who died at Ali-Ibn-Abi Talib Hospital of Rafsanjan from 
March 2012 to March 2017 due to stroke were investigated. In 
all patients, stroke (as defined by the World Health Organization) 
indicates the onset of localized neurologic symptoms that 
last longer than 24 hours, result in death, or are confirmed by 
a neurologist based on the evidence of stroke in computed 
tomography (CT) scans or magnetic resonance imaging (MRI) 
scans (18). The study was approved by the Ethics Committee 
under the code: (IR.RUMS.REC.1395.145), in accordance with 
the Helsinki Criteria. The inclusion criteria were the definitive 
diagnosis of stroke by a neurologist, experiencing an acute 
stroke occurrence (not longer than 72 hours from the onset 
of symptoms to the patient referral), and being older than 18 
years at the time of stroke. In contrast, the exclusion criteria 
included having cerebral lesions, such as tumors, infections, 
and traumatic brain injuries that were potentially fatal, having 
incomplete information for the records, experiencing death at 
the time of admission to the cardiopulmonary resuscitation 
room, and having an indefinite cause of death. This study was 
conducted based on the data present in the files of stroke 
patients using a checklist. The checklist included general 
patient information, such as age, sex, smoking habits, as well 
as the presence or absence of underlying diseases, including 
DM, HTN, high blood cholesterol, atrial fibrillation (AF), IHD, the 

past or present history of stroke, and surgical interventions. The 
time interval between referring to the hospital and death was 
determined by the researcher based on the exact time of referral 
and the death recorded in patient records. The information 
required was provided by the researcher using the checklist 
developed to determine the frequency of in-hospital stroke 
deaths by the type of stroke [ischemic, intracranial hemorrhage 
(ICH), or subarachnoid hemorrhage (SAH)], the location of 
the lesion in the brain, the size of the lesion by brain imaging 
(CT scans or MRI scans), as well as the help of a neurologist. 
The location of the lesion in the brain in ischemic stroke was 
classified into anterior and posterior circulations. In ICH, it was 
classified into thalamus, basal ganglia, the cerebellum, the 
pons, and lobar hemorrhage. The size of the lesion in ischemia 
was classified into lacunar, minor, as well as major, and in 
hemorrhage, it was classified into extensive and non-extensive 
(19). Access to the patients’ CT scans or MRI scans was possible 
using the Hospital Information System based on the patients’ 
file numbers. The causes of death or deadly complications 
following a stroke were determined by an investigator and 
a physician based on the evidence in the patients’ files, a CT 
scan, or a brain MRI. Death in stroke patients could have been 
caused by one or more cases of stroke complications, including 
neurological complications, cardiac complications, infections, 
renal failure, venous thromboembolism, or other complications. 
In this study, neurological complications being the causes of 
death were divided into the three groups of cerebral edema, 
intracranial HTN, as well as herniation and hemorrhagic 
transformation, which were grouped together. In addition, SAH 
and brainstem stroke, both of which are fatal, were grouped 
separately. In addition, the fatal complications of cardiovascular 
diseases were classified into the four categories of myocardial 
infarction, congestive heart failure, fatal cardiac arrhythmias, 
and sudden cardiac death. Post-stroke fatal infections included 
pneumonia, sepsis, meningitis following surgical intervention, 
thromboembolisms, including pulmonary embolism, as well as 
other complications, such as multiple organ dysfunction and 
disseminated intravascular coagulation. In cases where patient 
death was not justified by either evidence in the file or brain 
imaging and where none of the subsequent stroke complications 
could be considered as the cause of patient death, the cause of 
patient’s death would be considered to be sudden cardiac arrest. 
Incomplete files were excluded from the study. In addition, some 
samples including non-diagnostic stroke (2 samples), non-
acute stroke (2 samples) because of the passing of more than 
72 hours from the onset of the symptoms, being younger than 
18 years (1 sample), and incomplete file information (1 sample) 
were excluded from the study.

Statistical Analysis

After recording the information on risk factors by checking 
the patients’ files in the checklist, the data were entered into 
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SPSS 20 Software and analyzed. Frequency tables, graphs, 
as well as mean and standard deviation indices were used 
to describe the data. A p value less than 0.5 was considered 
significant.

Results
Out of the total 2,199 stroke patients admitted to Ali-Ibn-Abi 

Talib Hospital of Rafsanjan from March 2012 to March 2017, 
85.58% (1,882 cases) had ischemia and 14.42% (317 cases) 
had bleeding. In-hospital mortality rates in ischemic stroke and 
in cerebral hemorrhage were 7.54% (142 cases) and 17.98% 
(57 cases), respectively. In addition, a total of 9.04% (199 cases) 
died during hospitalization. The mean age of dead patients was 
75.28±14.83 years. In addition, 78.4% of the patients (156 
patients) were older than 65 years. Out of 199 cases of death 
following stroke, 57.8% (115 deaths) and 42.2% (84 deaths) 
were female and male, respectively. In addition, smoking history 
accounted for 15.1% (30 cases), and the major underlying 
disease in stroke patients who died was HTN at 68.3% (n=136) 
followed by stroke history and DM at 36.2% (n=72) and 35.7% 
(n=71), respectively. The highest frequency of mortality based 
on the stroke size was 56.34% (n=78) in major ischemia, 
70.2% (n=33) in extensive intracerebral hemorrhage, and 
100% in severe SAH (n=10). The minimum and maximum time 
intervals between referral and death in the study population was 
1 day and 97 days, respectively, with the mean and standard 

deviation of 53.13±24.12. In addition, 50.3% and 90.5% of 
the deaths occurred during the first week and the first month 
after stroke, respectively. In other words, the frequency of the 
deaths was higher in the first week but gradually decreased. In 
addition, 12.1% of the patients who died due to stroke (n=24) 
had undergone brain surgery interventions. There was no 
significant difference in the type of stroke between the males 
and females and between the positive and negative cases in 
the variables of smoking, DM, HTN, and hypercholesterolemia. 
The most common complications leading to death in patients 
were neurological complications (48.7%, n=97) followed 
by infections (23.1%, n=46), cardiac complications (18.1%, 
n=36), and thromboembolism (5.5%). There was a statistically 
significant difference between the ischemic and hemorrhagic 
AF groups (p=0.001), with AF having been present in 31.7% 
of ischemic cases, while only 7% of hemorrhage cases had a 
history of AF. There was a history of IHD in 35.9% and 21.1% 
of ischemic cases and hemorrhage cases, respectively. In 
addition, there was a statistically significant difference between 
ischemic stroke and hemorrhage in terms of IHD (p=0.04). A 
history of stroke was also present in 40.8% and 24.6% of 
ischemic cases and hemorrhagic cases, respectively. In the 
ischemic group, the number of patients over the age of 65 years 
was significantly higher than the hemorrhagic group (86.6% 
vs 57.9%, p=0.0001). The results are presented in Table 1. All 
patients with neurological complications (100%) died within less 

Table 1. Comparison frequency of age group, sex, smoking and underlying diseases according to the type of stroke in the study 
population

p value
TotalHemorrhagic strokeIschemic- stroke

Variable
%n % n%n

<0.001
21.64342.12413.419<65 yrs

Age group
78.415657.93386.6123>65 yrs

0.98
42.28442.12442.360Male

Sex
57.911557.93357.782Female

0.53
15.13017.51014.120Positive

Smoking history
84.916982.54785.9122Negative

0.66
35.77133.31936.652Positive

Diabetes
64.312866.73863.490Negative

0.74
68.313666.7386998Positive

HTN
31.76333.3193144Negative

0.14
18.63712.3721.130Positive

High cholesterol 
81.416287.75078.9112Negative

<0.001
24.6497431.745Positive

AF
75.4150935368.397Negative

0.04
31.76321.11235.951Positive

IHD
68.313678.94564.191Negative

0.03
36.27224.61440.858Positive

History of CVA
63.812775.44359.284Negative

Yrs: Years, HTN: Hypertension, AF: Atrial fibrillation, IHD: Ischemic heart diseases
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than 30 days, while 81.4% of the patients with non- neurological 
complications died within less than 30 days. Thus, there was 
a statistically significant difference (p=0.001) between the two 
groups of neurological and non-neurological complications in 
this respect. The frequency of death in less than 30 days in 
ischemic stroke cases and in hemorrhage cases was 89.4% 
and 93%, respectively, which indicated no significant difference 
between the two groups. In addition, there were no significant 
differences between the major and extensive groups with the 
minor and lacunar groups, as well as between the two age 
groups (Table 2). In addition, 69.8% of the patients over the age 
of 65 years and 42.9% of patients below the age of 65 years 
had neurological complications, and there was a significant 
difference between the two age groups (p=0.01). Neurological 
complications occurred in 77.2% of hemorrhagic stroke patients, 
yet these complications occurred in only 37.3% of the patients 
with ischemic stroke; thus, there was a significant difference 
between the ischemic and hemorrhagic groups (p=0/000). 
There was also a significant difference between the two stroke 
size groups (p=0.001), with 62.8% of the major and extensive 
strokes having had neurological complications and 27.6% of the 
patients with minor, lacunar, and non-major strokes having had 
neurological complications.

Discussion
In the present study, among 2,199 stroke patients admitted 

to Ali-Ibn-Abi Talib Hospital of Rafsanjan from March 2012 to 
March 2017, 199 patients died during hospitalization, and the 
frequency of in-hospital mortality among stroke patients during 
the mentioned period was 9.04%, which was consistent with 
past studies (20-26). The percentage is higher in developing 
countries than in developed ones, indicating that middle- and 
low-income countries, including Iran, need to improve the 
treatment and care of stroke patients. In addition, this percentage 
is lower than that of other studies conducted in Iran or in 

underdeveloped countries, which is possibly due to the early 
diagnosis of stroke in patients or because of recent advances in 
stroke treatment and care at Ali-Ibn-Abi Talib Hospital of 
Rafsanjan (27). In this study, 85.58% of the patients had 
ischemic stroke, and 14.42% of them had hemorrhage. This 
finding is in line with the results of the study conducted by 
Firoozabadi et al. (21), who reported ischemia at 85.4% as well 
as with the statistics in major neurological sources that accounted 
for 90% of ischemic and 10% of hemorrhagic stroke (1). In the 
present study, the in-hospital mortality rate of stroke in ischemia 
and in hemorrhage was 7.54% and 17.98%, respectively. In 
many studies, including those of Khatri et al. (28), Oveisgharan 
et al. (29), Collins et al. (30), and Farhoudi et al. (22), the rate 
was significantly higher in hemorrhage. Therefore, the fatality 
rate of bleeding is higher in hemorrhage than in ischemia. 
According to the findings of the present study, the highest 
frequency of in-hospital mortality was 78.4% for patients over 
the age of 65 years and 57.8% for females. In addition, the 
mean age of the dead patients was 75.28 years. Although the 
mortality rate in this study was relatively high, the mean age of 
dead patients was higher than in most of other studies. For 
instance, the mean age of dead patients was 64.3 years in 
Borhani-Haghighi’s (20) study, 67 years in Shah et al.’s (23) 
study, 69.9 years in Farhoudi et al.’s (22) study, 74.12 years in 
Ong et al.’s (31) study, and 79.9 years in Roquer et al.’s (32) 
study. The frequency of mortality in the age group over 65 years 
in these studies was 10-19% lower than that of the present 
study, as it was 60% in Borhani-Haghighi’s (20) study, 69.9% in 
Farhoudi et al.’s (22), 70.69% in Shah et al.’s (23) study, and 
67.5% in Ong et al.’s (31) study. The frequency of mortality was 
higher in men than in women in the studies of Borhani-Haghighi 
(20), Farhoudi et al. (22), Roquer et al. (32), and Shah et al. (23); 
in contrast, in Ong et al.’s (31) study, similar to the present study, 
the mortality rate was higher in women than in men due to the 
more common AF and more severe stroke in women. According 

Table 2. Comparison the frequency of time leading to death in stroke patients according to type of complication, stroke type, size 
of stroke and age group

p value
Total>30 days≤30 days

Variable
%n%n%n

<0.001
100970010097NeurologicComplication 

(leading to death) 10010218.61981.483Non-neurologic

0.44
10014210.61589.4127Ischemic

Type of stroke
10057749353Hemorrhagic

0.40
1007611.8988.267

Non-major
Non-extensive

Size of stroke
1001218.31091.7111

Major
Extensive

0.51
10043739340<65 yrs

Age group
10015610.31689.7140>65 yrs

Yrs: Years
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to past studies on stroke patients at Ali-Ibn-Abi Talib Hospital of 
Rafsanjan, stroke was more prevalent in women than in men, 
and this could have been the cause of the higher mortality rate 
in women who participated in the present study (33). Among the 
underlying diseases, the highest frequency of the in-hospital 
mortality of stroke for HTN was 68.3%. The order of frequencies 
of other underlying diseases in this study included the history of 
stroke (36.2%), DM (35.7%), IHD (31.7%), AF (24.6%), and 
hypercholesterolemia (18.6%), respectively. Only 15.1% of dead 
patients were smokers. In the studies of Shah et al. (23), Doğan 
et al. (34), and Ong et al. (31), HTN had the highest mortality 
rates of 60%, 85.4%, and 82.5% among the underlying diseases, 
respectively. However, the mortality rate was higher among 
smokers at about 35.8%, 34.4%, and 66.2%, respectively, which 
was higher than that of the present study, which could have 
been due to the different form of registration of positive cases of 
smoking in the files of the present study (23). Cardiovascular 
risk factors, including DM, HTN, IHD, AF, hypercholesterolemia, 
the history of stroke, and smoking are among the risk factors for 
post-stroke complications, and some of them increase the risk of 
mortality (13). Hence, identifying these factors in patients with 
acute stroke as well as adopting accurate treatment and care 
procedures in these patients could be effective in reducing the 
complications or risks of death. According to the results of the 
present study, the most frequent mortality according to the size 
of the stroke in all three types of stroke was for large lesions 
(major and extensive), which accounted for 56.34% of the cases 
in the ischemic type, 70.2% in ICH, and 100% in SAH. In 
addition, the highest incidence rate of death in ischemic stroke 
was within the anterior circulation range (78.17%) and in ICH, 
followed by the basal ganglia and lobar hemorrhage (42.6% 
each) as well as thalamic hemorrhage (17%). Hofmeijer et al. 
(35) have found out that the brain infarct size is a major 
determinant of fatal brain edema, and the larger the brain infarct 
size is, the greater the risk of fatal brain edema will be. In Ong et 
al.’s (31) study, the mortality rate was higher in the anterior 
circulation than in the posterior circulation, and large anterior 
circulation infarcts were associated with high mortality rates. In 
the present study, the most common complications leading to 
the death of patients were neurological complications (48.7%) 
followed by infections (23.1%), cardiac complications (18.1%), 
and pulmonary embolism (5.5%). In the same vein, Prosser et 
al.’s (14) study showed that the most common complications 
leading to death were neurological complications followed by 
cardiac complications, infections, and other complications. In 
Mogensen et al.’s (36) study, neurological complications were 
the most common cause of death within the first month after 
stroke. Zhang et al. (37) and Balami et al. (38) have concluded 
that a reduction in the incidence of post-stroke fatalities, which 
mainly include pneumonia, cardiovascular complications, and 
arterial embolism according to clinical evidence, reduces post-
stroke mortality rates. In addition, improving the diagnosis and 

treatment of neurological complications in the acute post-stroke 
phase could improve patient survival and reduce the burden of 
stroke. Therefore, identifying the risk factors of these 
complications is necessary because many of such complications 
are preventable, and early diagnosis and treatment could be 
effective in reducing them. In the present study, the average 
time interval between the patients’ referral and death was 12.24 
days, which is approximately similar to that of Heuschmann et 
al.’s (25) study (10.6 days), but it is different from the studies of 
Farhoudi et al. (22) (25.8 days) and Doğan et al. (34) (8 days). 
In Farhoudi et al.’s (22) study, the longer time interval between 
referring to the hospital and death could have been due to better 
stroke care and the younger age of the patients died. In the 
present study, 50.3% of the deaths occurred in the first week, 
and 90.5% of them occurred in the first month after stroke. 
Mortality rates in the first week after stroke were reported to be 
57.4% and 66% in Farhoudi et al.’s (22) study and in Heuschmann 
et al.’s (25) study, respectively (25). The study of Prossor et al. 
(14) showed that mortality rates were very high in the first week 
after stroke and gradually decreased afterwards. Mortality rates 
of less than 30 days and more than 30 days of admission in the 
two groups showed a significant difference (p<0.001) between 
neurological complications and non-neurological complications; 
accordingly, all patients with neurological complications died in 
less than 30 days. Numerous studies have shown that 
neurological complications occur earlier than other stroke 
complications and are associated with premature death following 
direct brain injuries (11,12,15,39). According to the findings of 
the present study, there was no significant difference between 
ischemic and hemorrhagic groups in terms of gender, smoking, 
DM, HTN, and hypercholesterolemia; however, the positive 
history of stroke, AF, IHD, as well as being older than 65 years 
were more significantly prevalent in ischemia than in hemorrhage. 
The main difference between other studies and the present one 
in analyzing different types of stroke in terms of risk factors is 
that none of them has investigated the types of stroke in the 
group of dead patients. Roquer et al. (32) have found out that 
DM, HTN, AF, and IHD increase the severity of stroke and the 
risk of in-hospital mortality in acute ischemic stroke. According 
to the findings of the present study, the prevalence of neurological 
complications is significantly higher than that of non-neurological 
complications in ischemia compared to hemorrhage, in major 
and extensive stroke compared to minor, lacunar, and non-
extensive strokes, as well as in patients younger than 65 years 
compared to those older than 65 years. However, there has 
been no significant difference in the frequency of death-related 
complications between males and females as well as between 
positive and negative cases in terms of smoking and underlying 
disease variables. The results of the studies of Chen et al. (40) 
and Jaramillo et al. (41) showed that younger patients were 
more prone to fatal brain edema than older ones, which was 
attributed to brain atrophy and the presence of more space 
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around the brain of the elderly in Hacke et al.’s (42) study. In 
addition, Hofmeijer et al. (35) have found out that the brain 
infarct size is a major determinant of fatal brain edema. 

One of our major limitation was the retrospective type of 
study, in which we could not follow the patients precisely during 
their admission. Another limitation was the incompleteness of 
some cases’ documents that made them excluded from our 
study. The third limitation was the unknown cause of death in 
some cases’ hospital files. The absence of a control group may 
be a problem for us. On the other hand, a sufficient number of 
cases in our study was one of our strength points. The second 
strength of the study was long-term duration and the existence 
of a treatment center for stroke patients. As a result, it is possible 
to generalize the results to the total population of stroke patients.

Conclusion
According to our study, neurologic complication, infections, 

cardiac complications, and thromboembolism are the most 
frequent causes of death in stroke patients. The future of stroke 
care and the rate of mortality depend on our early management of 
complications and controlling of risk factors. It is recommended 
that subsequent prospective studies be conducted to have full 
access to patient information. In addition, designing a control 
group makes the comparison of different risk factors in dead 
stroke patients and living ones.

Acknowledgments

The authors would like to thank the Clinical Research 
Development Unit for its support and collaboration in Ali Ibn 
Abitaleb Hospital, Rafsanjan University of Medical Sciences, 
Rafsanjan, Iran.

Ethics 

Ethics Committee Approval: The study was approved by the 
Ethics Committee under the code: (IR.RUMS.REC.1395.145), in 
accordance with the Helsinki Criteria (protocol number: 31/20/4, 
date: 31.01.2017).

Informed Consent: Retrospective study.

Peer-review: Externally peer-reviewed. 

Authorship Contributions

Concept: A.V., S.A., Design: A.V., S.A., Data Collection or 
Processing: Z.K., S.A., A.M.A., N.J., Analysis or Interpretation: 
Z.K., Literature Search: A.V., S.A., A.M.A., Writing: A.V., Z.K.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1. Simon R, Aminoff M, Greenberg D. Clinical neurology. 10th 

ed. New York: McGraw-Hill Education, 2018;13:367-405.

2. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and 
stroke statistics-2015 update: a report from the American 
Heart Association. Circulation. 2015;131:e29-e332. 

3. Johnson W, Onuma O, Owolabi M, et al. Stroke: a global 
response is needed. Bull World Health Organ. 2016;94:634-
634A.

4. Das SK, Banerjee TK, Biswas A, et al. A prospective 
community- based study of stroke in Kolkata, India. Stroke. 
2007;38:906-910.

5. Delbari A, Salman Roghani R, Tabatabaei SS, et al. A 
stroke study of an urban area of Iran: risk factors, length 
of stay, case fatality, and discharge destination. J Stroke 
Cerebrovasc Dis. 2010;19:104-109.

6. Shamshirgaran SM, Barzkar H, Savadi-Oskouei D, et 
al. Predictors of short-term mortality after acute stroke in 
East Azerbaijan province, 2014. J Cardiovasc Thorac Res. 
2018;10:36.

7. Roth EJ, Lovell L, Harvey RL, et al. Incidence of and 
risk factors for medical complications during stroke 
rehabilitation. Stroke. 2001;32:523-529.

8. Ropper A, Samuels M, Klein J. Adams and Victor’s 
principles of neurology. 10th ed. New York: McGraw-Hill 
Education. 2014;34:778-884.

9. Mazaheri S, Beheshti F, Hosseinzadeh A, et al. 
Epidemiologic study of cardinal risk factors of stroke in 
patients who referred to Farshchian hospital of Hamadan 
during 2014-2015. Sci J Hamadan Univ Med Sci. 
2016;22:331-337.

10. Mazdeh M, Seif Rabiei MA. Study of the relative frequency 
of mortality and morbidity in stroke with hypertension, and 
normal blood pressure. J Ardabil Univ Med Sci. 2008;8: 
309-314.

11. Johnston KC, Li JY, Lyden PD, et al. Medical and 
neurological complications of ischemic stroke: experience 
from the RANTTAS trial. Stroke. 1998;29:447-453. 

12. Hong KS, Kang DW, Koo JS, et al. Impact of neurological 
and medical complications on 3-month outcomes in acute 
ischaemic stroke. Eur J Neurol. 2008;15:1324-1331. 

13. Kumar S, Selim MH, Caplan LR. Medical complications 
after stroke. Lancet Neurol. 2010;9:105-118.

14. Prosser J, MacGregor L, Lees KR, et al. Predictors of 
early cardiac morbidity and mortality after ischemic stroke. 
Stroke. 2007;38:2295-2302. 

15. Indredavik B, Rohweder G, Naalsund E, et al. Medical 
complications in a comprehensive stroke unit and an early 
supported discharge service. Stroke. 2008;39:414-420. 

16. Saposnik G, Hill MD, O’donnell M, et al. Variables 
associated with 7-day, -30day, and 1-year fatality after 
ischemic stroke. Stroke. 2008;39:2318-2324. 

17. Razaazian N, Homayounfar H. Mortality of stroke at farabi 
Hospital (Kermanshah, 1998-200). J Kermanshah Univ 
Med Sci. 2003;6:e81164. 

internet1
Highlight



Vakilian et al. In-hospital mortality rate of stroke116

18. Ebrahimi-Rad R, Jannat Alipoor Z, Saburi Amlashi M, et al. 
Study the risk factors ofischemic and hemorrhagic stroke 
in patients hospitalized with diagnosis of stroke. Journal of 
Caspian Health and Aging. 2017;2:29-37. 

19. Ropper AH, Samuels MA, Klein JP, Prasad S. Adams 
and Victor’s Principles of Neurology. 11th ed. New York: 
McGraw-Hill Education. 2019;33:798-905. 

20. Borhani-Haghighi A, Safari R, Heydari ST, et al. Hospital 
mortality associated with stroke in southern iran. Iran J 
Med Sci. 2013;38:314-320. 

21. Firoozabadi MD, Kazemi T, Sharifzadeh G, et al. Stroke in 
Birjand, Iran: a hospital- based study of acute stroke. Iran 
Red Crescent Med J. 2013;15:264-268. 

22. Farhoudi M, Mehrvar K, Sadeghi-Bazargani H, et al. Stroke 
subtypes, risk factors and mortality rate in northwest of 
Iran. Iran J Neurol. 2017;16:112-117. 

23. Shah B, Bartaula B, Adhikari J, et al. Predictors of in-hospital 
mortality of acute ischemic stroke in adult population. J 
Neurosci Rural Pract. 2017;8:591-594. 

24. Wilson RD. Mortality and cost of pneumonia after stroke 
for different risk groups. J Stroke Cerebrovasc Dis. 
2012;21:61-67. 

25. Heuschmann PU, Kolominsky-Rabas PL, Misselwitz B, 
et al. Predictors of in-hospital mortality and attributable 
risks of death after ischemic stroke: the German Stroke 
Registers Study Group. Arch Intern Med. 2004;164:1761-
1768. 

26. Alhazzani AA, Mahfouz AA, Abolyazid AY, et al. In hospital 
stroke mortality: rates and determinants in Southwestern 
Saudi Arabia. Int J Environ Res Public Health. 
2018;15:927. 

27. Iranmanesh F, Pour gholami M, Sayadi A. Silent stroke in 
patients with acute thrombotic stroke, Hormozgan Med J. 
2006;10:e90125.

28. Khatri M, Himmelfarb J, Adams D, et al. Acute kidney injury 
is associated with increased hospital mortality after stroke. 
J Stroke Cerebrovasc Dis. 2014;23:25-30.

29. Oveisgharan S, Sarrafzadegan N, Shirani S, et al. Stroke 
in Isfahan, Iran: hospital admission and 28-day case fatality 
rate. Cerebrovasc Dis. 2007;24:495-499. 

30. Collins TC, Petersen NJ, Menke TJ, et al. Short-term, 
intermediate-term, and long- term mortality in patients 
hospitalized for stroke. J Clin Epidemiol. 2003;56:81-87. 

31. Ong CT, Wong YS, Wu CS, et al. Atrial fibrillation is a 
predictor of in-hospital mortality in ischemic stroke patients. 
Ther Clin Risk Manag. 2016;12:1057-1064.

32. Roquer J, Ois A, Rodriguez Campello A, et al. Clustering 
of vascular risk factors and in-hospital death after acute 
ischemic stroke. J Neurol. 2007;254:1636-1641. 

33. Vakilian A, Bazmandegan G, Saeedi Nezhad M, et al. 
Association of HbA1c levels with extent and functional 
status of ischemic and hemorrhagic stroke. J Kerman Univ 
Med Sci. 2018;25:307-317. 

34. Doğan NÖ, Akıncı E, Gümüş H, Akıllı NB, Aksel G. 
Predictors of inhospital mortality in geriatric patients 
presenting to the emergency department with ischemic 
Stroke. Clin Appl Thromb Hemost. 2016;22:280-284.

35. Hofmeijer J, Kappelle LJ, Algra A, et al. Surgical 
decompression for space-occupying cerebral infarction 
(the Hemicraniectomy After Middle Cerebral Artery 
infarction with Life-threatening Edema Trial [HAMLET]): 
a multicentre, open, randomised trial. Lancet Neurol. 
2009;8:326-333. 

36. Mogensen UB, Olsen TS, Andersen KK, et al. Cause-
specific mortality after stroke: relation to age, sex, stroke 
severity, and risk factors in a 10-year follow-up study. J 
Stroke Cerebrovasc Dis. 2013;22:e59-e65. 

37. Zhang S, He WB, Chen NH. Causes of death among 
persons who survive an acute ischemic stroke. Curr Neurol 
Neurosci Rep. 2014;14:467.

38. Balami JS, Chen R-L, Grunwald IQ, et al. Neurological 
complications of acute ischaemic stroke. Lancet Neurol. 
2011;10:357-371.

39. Vernino S, Brown Jr RD, Sejvar JJ, et al. Cause-specific 
mortality after first cerebral 415 infarction: a population-
based study. Stroke. 2003;34:1828-1832.

40. Chen RL, Balami JS, Esiri MM, et al. Ischemic stroke in 
the elderly: an overview of evidence. Nat Rev Neurol. 
2010;6:256-265.

41. Jaramillo A, Gongora-Rivera F, Labreuche J, et al. 
Predictors for malignant middle cerebral artery infarctions: 
a postmortem analysis. Neurology. 2006;66:815-820.

42. Hacke W, Schwab S, Horn M, et al. ‘Malignant’ middle 
cerebral artery territory infarction: clinical course and 
prognostic signs. Arch Neurol. 1996;53:309-315.


