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Objective: The aim of this study was to delineate the different 

characteristics of stroke in children and their outcome.  

Method: Clinically diagnosed stroke in children patients underwent 

general, full neurological examination and radiological investigation 

with evaluation of severity by pediatric National institute of health 

scale of stroke (NIHSS) and outcome disability by using Modified 

Rankin Scale for children (mRS).  

Results: The study was conducted on 60 patients with mean age ± 

standard deviation was (5.98 ± 5.65), median age 3.5 (1-18), 32 

(53.3%) of them were male and 28 (46.7%) were female. Most of 

patients (83.3%) arrived to hospital after 12 hours from the stroke 

onset. Etiologically, 12 (20%) patients had congenital heart disease, 8 

(13.3%) had hemorrhagic diseases, while 23 (38.3%) were cryptogenic. 

Ischemic stroke represent 83.3% of all patients. MRI brain imaging had 

better evaluation in patients with hemorrhagic stroke (2 of 6 patients 

(33.3%) revealed underlying pathology) rather than ischemic ones 

(only 2 of 44 ischemic stroke patients (4.5%) showed hemorrhagic 

transformation in one case and vascular anomaly in the other). Twenty 

(33.3%) patients had mild severity using pediatric NIHSS on 

admission, 35 (58.3%) were mild to moderate, 3 (5.0%) were sever and 

2 (3.3%) were very sever. mRS for children after three months revealed 

3 patients (5.0%) with complete recovery, 14 (23.3%) had no 

significant disabilities despite symptoms in clinical examination, 18 

(30.0%) had slight disability, 10 (16.7%) with moderate disability, 2 

(3.3%) had moderately severe disability while 13 (21.7%) patients died. 

There was significant weak positive correlation between severity of 

stroke at the onset and disability outcome three months later. 

Conclusion: Etiological factors in childhood are quite different from 

those present in adulthood. Despite a careful investigation, some causes 

of stroke in children remain unidentified. MRI brain imaging is 

modality of choice in patients with hemorrhagic stroke. 
 

                  Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

 

Introduction:- 
The word stroke is used to refer to a rapidly developing focal or global neurological deficit lasting more than 24 

hours if it has a vascular basis. The term “children” is between one month and 18 years of age (1), (2). In adults, 
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aetiology and outcome of stroke is well known, but it is quite few information about children especially in Egypt. 

The studies of stroke in children are few with variable results and under estimation of hemorrhagic stroke (3). The 

aim of this study was to delineate the different characteristics of stroke in children and their outcome. 

 

Material and Methods:- 
An informed consent was taken from at least one of each child parents. This study was conducted on sixty clinically 

diagnosed strokes in children patients obtained from Mansoura University Hospitals and other governmental 

hospitals in Mansoura from July 2011 till April 2016. With the following Inclusion criteria: stroke in children 

between one and 18 years of age, both hemorrhagic and ischemic strokes in children and both parenchymatous and 

non parenchymatous stroke in children. Exclusion criteria: includes stroke in the first year of life, in hospital stroke 

in children and hemorrhagic brain tumors in children. All patients were subjected to the following: Detailed history, 

including previous medical diseases and hospital delay duration in hours (<6 hours, 6-12 hours, 12-24 hours, 24-48 

hours and >48 hours) according to Charlotte Martin et al. (4). General examination: with the following clinical items 

that should be considered in the diagnosis of stroke in children: Body mass index, measurement of head 

circumference, the skin should be examined for rash, signs of trauma, splinter haemorrhage or embolic skin rash and 

detailed cardiovascular examination including blood pressure. Neurological examination: Pediatric (NIHSS) at three 

points (on admission, on discharge and three months later) (5), funduscopic examination for papilloedema or 

hemorrhage and (mRS) for children at three points (on admission, on discharge and three months later) (6). 

Laboratory investigations and radiological examination: Chest x-ray, electrocardiogram, echocardiogram, brain 

computed tomography, brain magnetic resonance imaging. The study was approved by the institutional board review 

of Mansoura University, faculty of medicine. 

 

Statistical Analysis Of The Data:- 

Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. Qualitative data were 

described using number and percent. Quantitative data were described using (minimum and maximum), mean, 

standard deviation and median. Significance of the obtained results was judged at the 5% level. The used tests were 

Monte Carlo correction for categorical variables, to compare between different groups Correction for chi-square 

when more than 20% of the cells have expected count less than 5.  

 

Results:- 
The study was conducted between 2011 and 2016 on 60 patients with (mean age ± standard deviation) (5.98 ± 5.65), 

median age 3.5 (1-18), 32 (53.3%) of them were male and 28 (46.7%) were female (Table.1). As regard distribution 

of studied patients according to their presenting complaints, lateralization was the most common presentation (in 44 

(73.3%) patients), disturbed conscious level was found in 24 (40%) patients, convulsions in 21 (35%) patients, 

headache and/or vomiting in only 10 (16.7%) patients (Table.1). According to the hospital delay duration of studied 

patients, most of patients (56.7%) arrived to hospital within 12-48 hours, 16 (26.7%) patients were arrived after 48 

hours while only 10 (16.7%) patients were arrived before 12 hours (Table.2).  Twenty (33.3%) patients were mild 

severity using pediatric NIHSS on admission, 35 (58.3%) were mild to moderate, 3 (5.0%) were sever and 2 (3.3%) 

were very sever (Table.3). Cardiac evaluation of our cases revealed 12 (20%) patients with cardioembolic stroke 

(Table.4). Three cases had transposition of great arteries one of them associated also with patent ductus arteriosus 

(PDA) and atrial septal defect (ASD). Ventricular septal defect (VSD) proved in 2 patients. Infective endocarditis 

with VSD was seen in 2 cases. There was one case for each of the following: PDA, restrictive cardiomyopathy, 

mitral prolapse with mitral regurge, atrial myxoma with left atrial septal thrombosis and complex congenital heart 

disease (secondary to Down syndrome). Forty four (73.3%) patients were discovered ischemic stroke in CT brain 

imaging, however by MRI brain imaging, only 2 of them showed hemorrhagic transformation in one case and 

arteriovenous malformations (AVM) in the other, while 10 (6.7%) patients showed intracerebral hemorrhage (ICH) 

by CT brain imaging, 4 (6.7%) of them died before doing MRI brain imaging and 2 of the remaining 6 patients 

(33.3%) showed underlying pathology by MRI brain imaging (AVM and venous angioma) (Table.4). 

 

The rest of the patients in our study were cryptogenic (38.3%), with 2 cases had AVM, 2 had moyamoya disease and 

one had venous angioma (Table.5). 

 

Most of our cases (58.3%) showed no to mild disability after three months using mRS for children; three patients 

(5.0%) were completely recovered, 14 (23.3%) had no significant disabilities despite symptoms in clinical 

examination and 18 (30.0%) had slight disability. Moderate to severe disability was proved in (20%) of our patients; 

http://www.google.com.eg/search?hl=ar&tbs=clir:1,clira:l,clirsl:ar&sa=X&ei=I2-1TczsE4_Zsgbyjp3gDA&ved=0CCMQBSgA&q=papilledema&spell=1
http://www.google.com.eg/search?hl=ar&tbs=clir:1,clira:l,clirsl:ar&sa=X&ei=Nqe1TaCfIMmEOuPd-f0I&ved=0CCMQBSgA&q=Echocardiogram.&spell=1
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10 (16.7%) patients showed moderate disability and 2 (3.3%) had moderate sever disability. The rest of patients 

(21.7%) died (mRS score 6) (Table.3). There was significant weak positive correlation between severity of stroke at 

the onset and disability outcome three months later (Table.3).  

 

Table.1:- Age, gender and complaint 

Age: Mean ± Standard deviation 5.98 ± 5.65 

Gender: Number % 

 Male 

 Female 

 

32 (53.3%) 

28 (46.7%) 

Complaint: Number % 

 Lateralization 

 Disturbed conscious level 

 Headache/Vomiting 

 Convulsions 

 

44 (73.3%) 

24 (40.0%) 

10 (16.7%) 

21 (35.0%) 

 

Table.2:- Distribution of studied patients according to their hospital delay duration  

    Studied patients 

n=60 

Hospital delay (hours)       N        % 

<6  5 8.3% 

6-12  5 8.3% 

12-24  17 28.3% 

24-48  17 28.3% 

>48  16 26.7% 

 

Table.3:- Distribution of studied patients according to NIH stroke scale on admission, on discharge and after 3 

months 

NIH Studied patients 

n=60 

 On admission N % 

Mild 20 33.3% 

Mild to moderate 35 58.3% 

Severe 3 5.0% 

Very severe 2 3.3% 

mRS Studied patients 

n=60 

 After 3 months   

0 3 5.0% 

1 14 23.3% 

2 18 30.0% 

3 10 16.7% 

4 2 3.3% 

5 0 0 % 

6 13 21.7% 

  mRS 3 months 

NIHSS on admission r 0.431 

 p 0.001* 
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Table.4:- Distribution of studied patients according to the radiological investigations 

Radiology Studied patients 

n=60 

N % 

ECHO   

 Negative 48 80.0% 

 Positive 12 20.0%% 

CT   

 Ischemic  44 73.3% 

 Hemorrhagic  10 16.7% 

 Hemorrhagic infarction 6 10% 

MRI   

 Died (hemorrhagic stroke) 4 6.7% 

 Ischemic  42 70% 

 Hemorrhagic  4 6.7% 

 Hemorrhagic infarction 7 11.7% 

 Space occupying lesions 3 5.0% 

 

Table.5:- Distribution of studied patients according to their etiology 

Etiology Studied patients 

n=60 

N % 

1. Cryptogenic  23 38.3% 

2. Vasculitis 4 6.7% 

3. Congenital Heart Disease, Rheumatic Heart Disease 12 20.0% 

4. Mitochondrial cytopathy* 2 3.3% 

5. Hemorrhagic diseases  8 13.3% 

6. Sinus thrombosis 4 6.7% 

7. Diabetes Mellitus 2 3.3% 

8. Vascular anomaly 5 8.3% 

*One case proved by biopsy and other proved by high lactate level with stroke, myopathy and diabetes Mellitus 

 

Discussion:- 
Estimates of the incidence of stroke in the general population of children vary widely, ranging from 2.5 to 13 cases 

per 100,000 children per year (7). It frequently has the sequelae of cognitive and motor impairment, as well as 

epilepsy (8), (9). In adults the frequency of cerebral stroke is more in males than females and this has been attributed 

to neuroprotective effects of estrogen in females (10). Our study revealed that the frequency of stroke in children is 

also more common in males than females (53.3% versus 46.7%). The same trend has been clarified in other 

worldwide childhood stroke studies (10), inspite of absence of estrogen predominance before puberty (11). Severity 

of stroke in most of our children (91.7%) measured by pediatric NIHSS was mild and mild to moderate with 

lateralization as the most common presenting complaint in (73.3%) of patients. In a study by Del Balzo about stroke 

in children: inherited and acquired factors and age-related variations in the presentation of 48 pediatric patients, 

lateralization was the most common presenting stroke manifestation (12). Signs of lateralization were early picked 

only by neurologist and this might explain the hospital delay of stroke in children as showed by Zacharias et al., 

(13). On the other hand disturbed conscious level proved in 24 (40%) patients and convulsions in 21 (35%) patients. 

These were agreed with Brian Chung et al., (14). Coma and convulsions were the higher warning signs for stroke in 

children diagnosis and helps to early hospitalization and rapid management (15). Hospital delay duration in our 

study was mostly (83.3%) after 12 hours. However in multiple researches most of patients about (35%) arrived early 

before 6 hours of the disease onset (16), (17). The reasons for delay of our studied cases were diverse but typically 

included underestimation of the disease severity by the parents or healthcare providers of first or second referral, 

especially less than 40% of our patients presented with the higher warning signs; coma and/or convulsions. These 

reasons were matched with results from similar societies in India and Taiwan (18), (19), which raise the attention to 

increase the public awareness of early stroke symptoms and signs. Heart disease and stroke statistics-2016 update 
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revealed that there is no major difference between ischemic strokes percentage in adults compared to children (about 

85% of all strokes) (20). In our study, most of patients had ischemic insults (83.3%). MRI brain imaging is superior 

than CT brain imaging in diagnosis of hemorrhagic stroke secondary to vascular malformations (21). The use of 

MRI brain in our hemorrhagic stroke patients showed that 2 of 6 patients (33.3%) revealed underlying pathology 

while only 2 of 44 ischemic stroke patients (4.5%) showed hemorrhagic transformation in one case and vascular 

anomaly in the other. This highlights the importance of MRI brain in patients with hemorrhagic stroke. In adults, 

ischemic stroke is often associated with the atherosclerosis while major etiology in hemorrhagic stroke is 

hypertension (22), (23), but in childhood, ischemic stroke has various causes, such as blood diseases, sickle cell 

anemia and heart diseases while hemorrhagic stroke main etiology is coagulopathy (3), (24). Seven different causes 

of stroke in our series had been found. Cardiac diseases and hemorrhagic blood diseases were common in the 

studied patients. Congenital heart disease is one of the leading causes of stroke in children, accounting for 15-30% 

(25). Cardiac evaluation of our cases was not different from them, revealed 12 (20.0%) patients with cardioembolic 

stroke. Our study also showed 8 (13.3%) cases with hemorrhagic blood diseases. Another recognizable cause of 

stroke in children worldwide is sickle cell disease (SCD) (26), (27). Our study revealed no proved SCD cases using 

hemoglobin electrophoresis in anemic patients. This could be explained by genetic and racial differences as it is not 

frequent in Egypt along the Nile Valley (28), and HbS gene is almost nonexistent except in the Oases where the 

carrier rate varies from 9 to 22% (29). In pediatric stroke the cause is often unidentified. The clinical presentation is 

often subtle and early radiological investigation may reveal normal findings (30). While most of our patients were 

secondary to various causes, 38% were cryptogenic. In a systemic review in stroke in children: Lindsey Barst Gumer 

et al., the cryptogenic etiology were only 14% with no recognizable risk factors (23). The mismatching of our study 

could be explained by short follow up time in our research, because some etiologies needs longer period to diagnose 

like mitochondrial cytopathies and other metabolic inherited disorders (31). Also fund limitation restricted 

investigations needed to detect other rare causes incriminated in the pathogenesis of stroke in children. Assessment 

of the stroke survivors after three months in our case study showed significant improvement in severity and 

disability. This could be explained by the high neuroplasticity and regeneration in children brain cells (32), (33), 

(34). In conclusion, diagnosis of stroke in children proves challenging, because symptoms are often unspecific in 

nature which reflected on hospital delay time, etiology is diverse and different from those present in adulthood. MRI 

brain imaging proved more efficacious in patients with hemorrhagic stroke rather than ischemic ones. Our 

limitations were the unawareness of the disease and short follow up time. Our study was unfunded to clarify the 

various and rare genetic causes seen in stroke in children and highlight the need of specialized stroke management 

teams at pediatric hospitals, with rapid transport, specific neuroimaging protocols, early therapeutic strategies that 

have improved outcomes. 

 

Refrences:- 
1. DeVeber G, (2003): Arterial ischemic strokes in infants and children: an overview of current approaches. 

Semin Thromb Hemost; 29:567–573. 

2. Bigi S, Fischer U, Wehrli E et al, (2011): Acute ischemic stroke in children versus young adults. Ann Neurol; 

70(2):245-54. 

3. Graziano AP, Sancilio A, Bugalter M et al., (2016): Cerebrovascular disease in childhood: case series. Arch 

Argent Pediat.; 114(1): e5-e8. 

4. Charlotte Martina, Erik von Elmb, Marwan El-Koussyd et al, (2011): Delayed diagnosis of acute ischemic 

stroke in children – a registry-based study in Switzerland. Swiss Med Wkly; 141:w13281. 

5. Sachin Batra, Doris Lin, Pablo F. Recinos et al, (2009): Cavernous malformations: natural history, diagnosis 

and treatment. Nat. Rev. Neurol; 5, 659–670. 

6. Palisano R, Rosenbaum P, Walter S et al, (1997): Development and reliability of a system to classify gross 

motor function in children with cerebral palsy. Dev Med Child Neurol; 39(4):214-23. 

7. Gorman KM and Wainwright MS, (2017): Adult Stroke Screening Tool in Childhood Ischemic Stroke. 

Pediatr Neurol Briefs; 31(1):3.  

8. Kirton A, deVeber GA, Yeboah O et al. (2006): Pediatric NIHSS as a predictor of neurological outcome in 

childhood stroke. Stroke; 37:640. 

9. Bulder MM, Hellmann PM, van Nieuwenhuizen O e al, (2011): Measuring outcome after arterial 

ischemic stroke in childhood with two different instruments. Cerebrovasc Dis; 32(5):463-70. 

10. Meredith R. Golomb, Heather J. Fullerton et al, (2009): Male Predominance in Childhood Ischemic Stroke: 

Findings from the International Pediatric Stroke Study. Stroke; 40; 52-57. 

11. Czlonkowska A, Ciesielska A, Gromadzka G et al, (2006): Gender differences in neurological disease: role 

of estrogens and cytokines. Endocrine; 29:243–256. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bigi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21823153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fischer%20U%5BAuthor%5D&cauthor=true&cauthor_uid=21823153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wehrli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21823153
https://www.ncbi.nlm.nih.gov/pubmed/21823153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graziano%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=26914088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sancilio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26914088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bugalter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26914088
https://www.ncbi.nlm.nih.gov/pubmed/26914088
https://www.ncbi.nlm.nih.gov/pubmed/26914088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palisano%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9183258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenbaum%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9183258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9183258
https://www.ncbi.nlm.nih.gov/pubmed/9183258
https://www.ncbi.nlm.nih.gov/pubmed/28070152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bulder%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22005511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hellmann%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=22005511
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Nieuwenhuizen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22005511
https://www.ncbi.nlm.nih.gov/pubmed/22005511


ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(3), 50-55 

55 

 

12. Del Balzo Francesca, Alberto Spalice, Martino Ruggieri et al, (2009): Stroke in children: inherited and 

acquired factors and age-related variations in the presentation of 48 paediatric patients. Acta Paediatr; 

98(7):1130-6.  

13. Zacharias Mandalenakis, Annika Rosengren, Georgios Lappas et al, (2016): Ischemic stroke in children 

and young adults with congenital heart disease. J Am Heart Assoc; 5: e003071. 

14. Brian Chung and Virginia Wong, (2004): Pediatric stroke among Hong Kong Chinese subjects. Pediatrics 

Vol. 114 No. 2. 

15. André P.C. Matta, Keila R.F. Galvão and Betânia S. Oliveira, (2006): Cerebrovascular disorders in 

childhood etiology, clinical presentation, and neuroimaging findings in a case series study. Arq Neuropsiquiatr; 

64(2-A):181-185. 

16. Charlotte Martina, Erik von Elmb, Marwan El-Koussyd et al, (2011): Delayed diagnosis of acute ischemic 

stroke in children–a registry-based study in Switzerland. Swiss Med Wkly; 141:w13281. 

17. Jarvis, Frank Silver, Daune MacGregor and Gabrielle A. deVeber, (2009): Delay to Diagnosis in Acute 

Pediatric Arterial Ischemic Stroke. Stroke; 40; 58-64. 

18. Walsh LE and Garg BP, (1997): Ischemic strokes in children. Indian J Pediatr; 64(5):613-23. 

19. Lin CS, Tsai J, Woo P et al, (1999): Prehospital delay and emergency department management of 

ischemic stroke patients in Taiwan, R.O.C. Prehosp Emerg Care; 3(3):194-200. 

20. Mozaffarian D, Benjamin EJ, Go AS, et al, (2016): Heart disease and stroke statistics-2016 update: a report 

from the american heart association. Circulation; 133(4):e38-360. 

21. Sachin Batra, Doris Lin, Pablo F. Recinos et al, (2009): Cavernous malformations: natural history, diagnosis 

and treatment. Nat. Rev. Neurol; 5, 659–670. 

22. Shchederkina IO, Zavadenko NN and Koltunov IE, (2016): Stroke in children and adolescents: a formation 

of a pediatric register. Zh Nevrol Psikhiatr Im S S Korsakova; 116(9):24-29. 

23. Lindsey Barst Gumer, Michael Del Vecchio and Stephen Aronoff, (2014): Stroke in children: A systemic 

review. Pediatr Emer Care; 30: 660–664. 

24. Giroud M, Lemesle M, Madinier G et al, (1997): Stroke in children under 16 years of age. Clinical and 

etiological difference with adults. Acta Neurol Scand; 96: 401406. 

25. Cardiovascular disease The Atlas of Heart Disease and Stroke. Overview (Accessed Dec 30, 

2016):http://www.who.int/cardiovascular_diseases/resources/atlas/en/. 

26. Mack AK and Thompson AA, (2016): Primary and secondary stroke prevention in children with sickle cell 

disease. J Pediatr Health Care: S0891-5245(16)30135-3. 

27. Daniela O.W. Rodriguesa, Luiz C. Ribeirob, Lysla C. Sudáriod et al, (2016): Genetic determinants and 

stroke in children with sickle cell disease. J Pediatr (Rio J); S0021-7557(16)30045-6.  

28. El-Beshlawy A and Youssry I, (2009): Prevention of hemoglobinopathies in Egypt. Hemoglobin; 33 Suppl 

1:S14-20. 

29. Mohsen A. F. El-Hazmi, Ali M. Al-Hazmi, and Arjumand S. Warsy, (2011): Sickle cell disease in Middle 

East Arab countries. Indian J Med Res; 134(5): 597–610. 

30. Broderick J, Talbot GT, Prenger E et al, (1993): Stroke in children within a major metropolitan area: the 

surprising importance of intracerebral hemorrhage. J Child Neurol; 8:250. 

31. Ganesan V, Prengler M, McShane MA et al, (2003): Investigation of risk factors in children with arterial 

ischemic stroke. Ann Neurol; 53:167. 

32. Kyle A. Engelmann and Lori C, (2012): Outcome measures utilized in pediatric stroke studies – a systematic 

review. Arch Neurol; 69 (1): 23–27. 

33. Warren D. Lo, Christine Hajek, Christopher Pappa et al, (2013): Outcomes in children with hemorrhagic 

stroke. JAMA Neurol; 70(1). 

34. Rocha-Ferreira E and Hristova M (2016): Plasticity in the Neonatal Brain following Hypoxic-Ischaemic 

Injury. Neural Plasticity; 4901014. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Stroke+in+children%3A+inherited+and+acquired+factors+and+age-related+variations+in+the+presentation+of+48+paediatric+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=10771895
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garg%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=10771895
https://www.ncbi.nlm.nih.gov/pubmed/10771895
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=10424855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10424855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10424855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mozaffarian%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26673558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=26673558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Go%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=26673558
https://www.ncbi.nlm.nih.gov/pubmed/26673558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shchederkina%20IO%5BAuthor%5D&cauthor=true&cauthor_uid=27735895
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zavadenko%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=27735895
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koltunov%20IE%5BAuthor%5D&cauthor=true&cauthor_uid=27735895
https://www.ncbi.nlm.nih.gov/pubmed/27735895
http://www.who.int/cardiovascular_diseases/resources/atlas/en/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mack%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=27423528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=27423528
https://www.ncbi.nlm.nih.gov/pubmed/27423528
https://www.ncbi.nlm.nih.gov/pubmed/27268459
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Beshlawy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20001619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Youssry%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20001619
https://www.ncbi.nlm.nih.gov/pubmed/20001619/
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Hazmi%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22199098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Hazmi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22199098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Warsy%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=22199098
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249957/

	tittle
	Introduction
	Methods
	Results
	Discussion
	Refrences

