
SJR

The SJR is a size-independent prestige indicator that ranks
journals by their 'average prestige per article'. It is based on
the idea that 'all citations are not created equal'. SJR is a
measure of scientiBc inCuence of journals that accounts
for both the number of citations received by a journal and
the importance or prestige of the journals where such
citations come from It measures the scientiBc inCuence of
the average article in a journal, it expresses how central to
the global scientiBc discussion an average article of the

Total Documents

Evolution of the number of published documents. All types
of documents are considered, including citable and non
citable documents.

Year Documents
2009 41
2010 28
2011 34
2012 29

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The chart
shows the evolution of the average number of times
documents published in a journal in the past two, three and
four years have been cited in the current year. The two
years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2009 0.000
Cites / Doc. (4 years) 2010 0.000
Cites / Doc. (4 years) 2011 0.029
Cites / Doc. (4 years) 2012 0.058
Cites / Doc. (4 years) 2013 0.045
Cites / Doc. (4 years) 2014 0.085
Cites / Doc. (4 years) 2015 0.101
Cites / Doc. (4 years) 2016 0.105
Cites / Doc. (4 years) 2017 0.069
Cites / Doc. (4 years) 2018 0.017

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-
citations received by a journal's published documents
during the three previous years.
Journal Self-citation is deBned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
Self Cites

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and
external citation per document (i.e. journal self-citations
removed) received by a journal's published documents
during the three previous years. External citations are
calculated by subtracting the number of self-citations from
the total number of citations received by the journal’s
documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed
by researchers from more than one country; that is
including more than one country address.

Year International Collaboration
2009 4.88
2010 7.14

Citable documents  Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research
articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Documents Year Value
Non-citable documents 2009 0

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited
during the following year.

Documents Year Value
Uncited documents 2009 0
Uncited documents 2010 41
Uncited documents 2011 67
Uncited documents 2012 98
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Plagiatul – în actualitate
Tema  plagiatului  este  tot  mai  mult  discutată  în  ultima  vreme.  Apariția  unor  programe  performante  de  căutare  și  identificare  a
similitudinilor între texte [...]

Committe on Publication Ethics
A forum for responsible and ethical research publishing – Code of Conduct and Best Practice Guidelines for Journal Editors.

Editorial Council
iinn  eexxtteennssoo  vveerrssiioonn

HHoonnoorraarryy  FFoouunnddiinngg  EEddiittoorr
† Ovidiu Alexandru BAJENARU – Bucharest, Romania

EEddiittoorr--iinn--CChhiieeff
Bogdan Ovidiu POPESCU – Bucharest, Romania

SScciieennttiiEEcc  AAssssoocciiaattee  EEddiittoorr
DaEn Fior MURESANU – Cluj-Napoca, Romania

PPrreessiiddeenntt  ooff  RRoommaanniiaann  SSoocciieettyy  ooff  NNeeuurroollooggyy
Bogdan Ovidiu POPESCU – Bucharest, Romania

  

EEDDIITTOORRIIAALL  BBOOAARRDD
Florina ANTOCHI – Bucharest, Romania

Natan BORNSTEIN – Tel–Aviv, Israel
Vivian DRORY – Tel–Aviv, Israel

Jelena DRULOVIC – Belgrade, Serbia
† Franz GERSTENBRAND – Vienna, Austria

Wolfgang GRISOLD – Vienna, Austria
Carolina IONETE – Worcester, USA

Pavel KALVACH – Prague, Czech Republic
Amos KORCZYN – Tel–Aviv, Israel

Vladimir KOSTIC – Belgrade, Serbia
Ioannis MILONAS – Thessaloniki, Greece
Ioana MINDRUTA – Bucharest, Romania

Cristina PANEA – Bucharest, Romania
Cristian FALUP–PECURARIU – Brasov, Romania

Lacramioara PERJU–DUMBRAVA – Cluj–Napoca, Romania
Daniel PIRICI – Craiova, Romania

Zvezdan PIRTOSEK – Ljubljana, Slovenia
Constantin POPA – Bucharest, Romania
† Cristian Dinu POPESCU – Iasi, Romania

Maja RELJA – Zagreb, Croatia
Alexandru SERBANESCU – Bucharest, Romania

Mihaela SIMU – Timisoara, Romania
Aksel SIVA – Istanbul, Turkey

Cristina TIU – Bucharest, Romania
Emil TOESCU – Birmingham, UK

Valeria TUDORICA – Craiova, Romania
Laszlo VECSEI – Szeged, Hungary

Contact

Editorial Council – Romanian Journal of Neurology https://rjn.com.ro/editorial-council/

2 of 4 05/10/21 07.20

https://www.semanticscholar.org/
https://www.semanticscholar.org/
https://rjn.com.ro/plagiatul-in-actualitate/
https://rjn.com.ro/plagiatul-in-actualitate/
http://publicationethics.org/
http://publicationethics.org/
https://rjn.com.ro/editorial_council/RJN_CE.pdf
https://rjn.com.ro/editorial_council/RJN_CE.pdf
https://rjn.com.ro/editorial_council/RJN_CE.pdf
https://rjn.com.ro/editorial_council/RJN_CE.pdf
https://rjn.com.ro/editorial_council/RJN_CE.pdf
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


SSeeccrreettaarryy  ooff  AAssssiissttaanntt  EEddiittoorrss  ooWWccee
Mihai VASILE – Bucharest, Romania

AAssssiissttaanntt  EEddiittoorrss
Laura Cristina CEAFALAN – Bucharest, Romania

Irene DAVIDESCU – Bucharest, Romania
Laura DUMITRESCU – Bucharest, Romania

Athena Cristina MERGEANI – Bucharest, Romania
Florina MOLDOVAN – Cluj-Napoca, Romania

Horia NICOLAE – Bucharest, Romania
Alexandra OPRISAN – Bucharest, Romania

Cecilia ROSCA – Timisoara, Romania
Elena TERECOASA – Bucharest, Romania

MMaannaaggiinngg  EEddiittoorr
Mihai-Cristian POPESCU – Bucharest, Romania

SEARCH

Search Keyword

Search Authors

STANDARDS

Instructions for AUTHORS

Peer review process

Submit article
Submit your article to the journal by using the form here:

Submit

Subscriptions
To receive the RRoo  JJoouurrnnaall  ooff  NNEEUURROOLLOOGGYY click here:

SUBSCRIBE

Contact

Editorial Council – Romanian Journal of Neurology https://rjn.com.ro/editorial-council/

3 of 4 05/10/21 07.20

https://rjn.com.ro/instructions-for-authors/
https://rjn.com.ro/instructions-for-authors/
https://rjn.com.ro/peer-review-process/
https://rjn.com.ro/peer-review-process/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
https://abonamente.medica.ro/
https://abonamente.medica.ro/
https://rjn.com.ro/instructions-for-authors/
https://rjn.com.ro/instructions-for-authors/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


SELECT ISSUE

RJN Vol. XX, No. 3, Year 2021

ISSN 1843-8148  |  e-ISSN 2069-6094
ISSN-L 1843-8148
DOI: 10.37897/RJN

Indexată BDI  |  IDB Indexed

 AIMS & SCOPE STANDARDS EDITORIAL COUNCIL PEER REVIEW COUNCIL
EMC | CME HOW TO SUBSCRIBE

Contact

Romanian Journal of Neurology https://rjn.com.ro/

1 of 5 05/10/21 07.18

https://rjn.com.ro/
https://rjn.com.ro/wp-content/uploads/2021/10/RJN-3-2021.jpg
https://rjn.com.ro/wp-content/uploads/2021/10/RJN-3-2021.jpg
https://doi.org/10.37897/RJN
https://doi.org/10.37897/RJN
https://www.doi.org/
https://www.doi.org/
https://www.ithenticate.com/
https://www.ithenticate.com/
https://doaj.org/toc/2069-6094
https://doaj.org/toc/2069-6094
https://scholar.google.com/
https://scholar.google.com/
https://rjn.com.ro/
https://rjn.com.ro/
https://rjn.com.ro/
https://rjn.com.ro/
https://rjn.com.ro/aims-scope/
https://rjn.com.ro/aims-scope/
https://rjn.com.ro/editorial-council/
https://rjn.com.ro/editorial-council/
https://rjn.com.ro/peer-review-council/
https://rjn.com.ro/peer-review-council/
https://view.publitas.com/amph/rjn-cmr-accreditation-2021/
https://view.publitas.com/amph/rjn-cmr-accreditation-2021/
https://rjn.com.ro/how-to/
https://rjn.com.ro/how-to/
https://abonamente.medica.ro/
https://abonamente.medica.ro/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


HIGHLIGHTS
Plagiatul – în actualitate
Tema  plagiatului  este  tot  mai  mult  discutată  în  ultima  vreme.  Apariția  unor  programe  performante  de  căutare  și  identificare  a
similitudinilor între texte [...]

Committe on Publication Ethics
A forum for responsible and ethical research publishing – Code of Conduct and Best Practice Guidelines for Journal Editors.

CONTENTS  Volume XX, No. 3, 2021
Current Issue 

REVIEWS
NNeeuuttrroopphhiill--ttoo--llyymmpphhooccyyttee  rraattiioo  iiss  mmooddaalliittyy  ttoo  pprreeddiicctt  rreeccuurrrreennccee,,  ddiissaabbiilliittyy  aanndd
mmoorrttaalliittyy  ooff  iisscchheemmiicc  ssttrrookkee  ffoolllloowwiinngg  aaccuuttee  pphhaassee
Chandra Wirawan, I Putu Eka Widyadharma
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.1

EEmmeerrggiinngg  ddaattaa  oonn  tthhee  ttrreeaattmmeenntt  ooff  mmuullttiippllee  sscclleerroossiiss
Andrei Ciuhan, Lăcrămioara Perju-Dumbravă, Nicoleta Tohănean
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.2

VViirroollooggyy,,  ppaatthhoopphhyyssiioollooggyy  aanndd  nneeuurrooiinnvvaassiioonn  mmeecchhaanniissmmss  ooff  SSAARRSS--CCooVV--22::  AA  mmiinnii
lliitteerraattuurree  rreevviieeww
Arash Pourgholaminejad, Samaneh Kazemi, Alia Saberi
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.3

BBrriiddggiinngg  tthhee  ggaapp  iinn  nneeuurrooppaatthhiicc  ppaaiinn  ttrreeaattmmeenntt::  TThhee  ppootteennttiiaall  rroollee  ooff  aassttaaxxaanntthhiinn
Rizaldy Taslim Pinzon, Angela Tjung
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.4

LLeeuukkooccyyttee  nneeuuttrroopphhiill  rraattiioo  ((NNLLRR))  aass  bbiioommaarrkkeerr  ffoorr  nneeuurrooiinnflflaammmmaattiioonn  iinn  ppaattiieennttss  wwiitthh
iinnttrraacceerreebbrraall  hhaaeemmoorrrrhhaaggee  aanndd  ttrraauummaattiicc  bbrraaiinn  iinnjjuurryy
Amrita Ghosh, Ranabir Pal, Rakesh Mishra, Rafael Cincu, Luis Rafael Moscote-Salazar, Amit Agrawal
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.5

RReeggeenneerraattiivvee  ccaappaacciittyy  ooff  bboonnee  mmaarrrrooww  sstteemm  cceellllss  wwiitthh  oorr  wwiitthhoouutt  ssuuppeerrppaarraammaaggnneettiicc
iirroonn  ooxxiiddee  nnaannooppaarrttiicclleess  aafftteerr  ffaacciiaall  nneerrvvee  ddeeggeenneerraattiioonn::  AA  nnaarrrraattiivvee  rreevviieeww
Noura Abd El-Latif, Mona Denewar, Rehab R. El-Zehary, Fatma M. Ibrahim
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.6

RRiisskk  ffaaccttoorrss  ooff  cceerreebbrraall  ttooxxooppllaassmmoossiiss  iinn  HHIIVV  ppaattiieennttss::  AA  ssyysstteemmaattiicc  rreevviieeww
I Made Dwinata, Putri Rossyana Dewi, Eric Hartono Tedyanto, I Putu Eka Widyadharma
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.7

NNeeuurroommuussccuullaarr  eexxeerrcciisseess::  AA  nneeww  ppeerrssppeeccttiivvee  iinn  kknneeee  oosstteeooaarrtthhrriittiiss
Jyoti Sabharwal, Shabnam Joshi
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.8

ORIGINAL ARTICLES
TThhee  kknnoowwlleeddggee  aanndd  aattttiittuuddee  ooff  mmeeddiicciinnee  ssttuuddeennttss  ttoowwaarrddss  sstteemm  cceellllss  aapppplliiccaattiioonn  aanndd
ddoonnaattiioonn  iinn  nneeuurroollooggiicc  ddiissoorrddeerrss::  AA  SSttuuddyy  aatt  GGuuiillaann  UUnniivveerrssiittyy  ooff  MMeeddiiccaall  SScciieenncceess,,
IIrraann
Farnaz Salahizadeh Baghmisheh, Amaneh Mohammadi Roushandeh, Sajjad Rezaei, Alia Sabari, Zahra Gholipour
Soleimani
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.9

Contact

Romanian Journal of Neurology https://rjn.com.ro/

2 of 5 05/10/21 07.18

https://www.semanticscholar.org/
https://www.semanticscholar.org/
https://rjn.com.ro/plagiatul-in-actualitate/
https://rjn.com.ro/plagiatul-in-actualitate/
http://publicationethics.org/
http://publicationethics.org/
https://view.publitas.com/amph/rjn_2021_3_art-01/
https://view.publitas.com/amph/rjn_2021_3_art-01/
https://view.publitas.com/amph/rjn_2021_3_art-01/
https://view.publitas.com/amph/rjn_2021_3_art-01/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-01.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-01.pdf
https://doi.org/10.37897/RJN.2021.3.1
https://doi.org/10.37897/RJN.2021.3.1
https://view.publitas.com/amph/rjn_2021_3_art-02/
https://view.publitas.com/amph/rjn_2021_3_art-02/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-02.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-02.pdf
https://doi.org/10.37897/RJN.2021.3.2
https://doi.org/10.37897/RJN.2021.3.2
https://view.publitas.com/amph/rjn_2021_3_art-03/
https://view.publitas.com/amph/rjn_2021_3_art-03/
https://view.publitas.com/amph/rjn_2021_3_art-03/
https://view.publitas.com/amph/rjn_2021_3_art-03/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-03.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-03.pdf
https://doi.org/10.37897/RJN.2021.3.3
https://doi.org/10.37897/RJN.2021.3.3
https://view.publitas.com/amph/rjn_2021_3_art-04/
https://view.publitas.com/amph/rjn_2021_3_art-04/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-04.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-04.pdf
https://doi.org/10.37897/RJN.2021.3.4
https://doi.org/10.37897/RJN.2021.3.4
https://view.publitas.com/amph/rjn_2021_3_art-05/
https://view.publitas.com/amph/rjn_2021_3_art-05/
https://view.publitas.com/amph/rjn_2021_3_art-05/
https://view.publitas.com/amph/rjn_2021_3_art-05/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-05.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-05.pdf
https://doi.org/10.37897/RJN.2021.3.5
https://doi.org/10.37897/RJN.2021.3.5
https://view.publitas.com/amph/rjn_2021_3_art-06/
https://view.publitas.com/amph/rjn_2021_3_art-06/
https://view.publitas.com/amph/rjn_2021_3_art-06/
https://view.publitas.com/amph/rjn_2021_3_art-06/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-06.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-06.pdf
https://doi.org/10.37897/RJN.2021.3.6
https://doi.org/10.37897/RJN.2021.3.6
https://view.publitas.com/amph/rjn_2021_3_art-07/
https://view.publitas.com/amph/rjn_2021_3_art-07/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-07.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-07.pdf
https://doi.org/10.37897/RJN.2021.3.7
https://doi.org/10.37897/RJN.2021.3.7
https://view.publitas.com/amph/rjn_2021_3_art-08/
https://view.publitas.com/amph/rjn_2021_3_art-08/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-08.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-08.pdf
https://doi.org/10.37897/RJN.2021.3.8
https://doi.org/10.37897/RJN.2021.3.8
https://view.publitas.com/amph/rjn_2021_3_art-09/
https://view.publitas.com/amph/rjn_2021_3_art-09/
https://view.publitas.com/amph/rjn_2021_3_art-09/
https://view.publitas.com/amph/rjn_2021_3_art-09/
https://view.publitas.com/amph/rjn_2021_3_art-09/
https://view.publitas.com/amph/rjn_2021_3_art-09/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-09.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-09.pdf
https://doi.org/10.37897/RJN.2021.3.9
https://doi.org/10.37897/RJN.2021.3.9
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


TThhee  ccoonnttrriibbuuttiioonn  ooff  ssuusscceeppttiibbiilliittyy--wweeiigghhtteedd  iimmaaggiinngg  ((SSWWII))  iinn  tthhee  cceennttrraall  nneerrvvoouuss
ssyysstteemm  ssuuppeerrfificciiaall  ssiiddeerroossiiss''  eevvaalluuaattiioonn  iinn  33  TTeessllaa  mmaaggnneettiicc  rreessoonnaannccee  iimmaaggiinngg  ((MMRRII))
Bünyamin Güney, İbrahim Önder Yeniçeri, Emrah Doğan, Neşat Çullu
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.10

CClliinniiccaall  cchhaarraacctteerriissttiiccss  aanndd  nneeuurroopphhyyssiioollooggyy  ffeeaattuurreess  ooff  aammyyoottrroopphhiicc  llaatteerraall  sscclleerroossiiss
ppaattiieennttss  aatt  SSaannggllaahh  HHoossppiittaall  DDeennppaassaarr
I Made Odie Lastrawan, Komang Arimbawa, Ni Made Dwita Pratiwi
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.11

IInnttrraavveennoouuss  mmeetthhyyllccoobbaallaammiinn  eeffffeeccttiivveellyy  aammeelliioorraatteedd  ppaaiinnffuull  ddiiaabbeettiicc  nneeuurrooppaatthhyy::  AA
rraannddoommiizzeedd  ddoouubbllee--bblliinndd  ppllaacceebboo  ccoonnttrroolllleedd  ttrriiaall
Thomas Eko Purwata, I Putu Eka Widyadharma, Made Rudy, Andreas Soejitno, Wira Gotera, Ketut Suryana
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.12

SSeerruumm  ccaallcciittoonniinn  ggeennee  rreellaatteedd  ppeeppttiiddee  ((CCGGRRPP))  lleevveellss  iinn  mmiiggrraannee::  AA  ssttuuddyy  oonn  iittss
cclliinniiccaall  ccoorrrreellaattiioonn  aanndd  ddiiaaggnnoossttiicc  eefffificcaaccyy
Sofia Khatoon, Noorunissa Begum, Hafeeza Sultana, Maryam Rashed, Mohammed Zoheb, Aleem Ahmed Khan, Sara
Shreen, Syed Iqbal Ahmed
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.13

AA  rreettrroossppeeccttiivvee  ssttuuddyy  oonn  tthhee  cclliinniiccoo--ddeemmooggrraapphhiicc  pprroofifillee  ooff  mmuullttiippllee  sscclleerroossiiss  ppaattiieennttss
iinn  vvaarriioouuss  tteerrttiiaarryy  ccaarree  hhoossppiittaallss  iinn  MMaannggaalloorree  cciittyy  ooff  SSoouutthh  IInnddiiaa
Nitin Joseph, Rachel Melissa Salins, Priyanka Ramesh, Narayana Venkatesh Krishna
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.14

BBiippaarrttiittee  ggrraapphh  mmooddeelliinngg  ooff  AAllzzhheeiimmeerr’’ss  DDiisseeaassee  aanndd  iittss  eeaarrllyy  aauuttoommaatteedd
ddiissccrriimmiinnaattiioonn  tthhrroouugghh  rreeggiioonn--bbaasseedd  lleevveell  sseett  aallggoorriitthhmm  aanndd  ssuuppppoorrtt  vveeccttoorr  mmaacchhiinnee
iinn  mmaaggnneettiicc  rreessoonnaannccee  bbrraaiinn  iimmaaggeess
V. Yegnanarayanan, M. Anisha, T. Arun Prasath
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.15

FFrreeqquueennccyy  ooff  iisscchheemmiicc  ssttrrookkee  iinn  ppaattiieennttss  wwiitthh  bbaacctteerriiaall  mmeenniinnggiittiiss  vviissiittiinngg  ttoo  JJiinnnnaahh
PPoossttggrraadduuaattee  MMeeddiiccaall  CCeenntteerr  KKaarraacchhii..  CCrroossss  sseeccttiioonnaall  ssttuuddyy
Saira Awan, Dr Khalid Sher, Samar Iltaf, Quratulain Panhwar
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.16

EEvvaalluuaattiioonn  ooff  ffrreeqquueennccyy  ooff  ddeepprreessssiioonn  iinn  aa  ssuubbsseett  ooff  ppooppuullaattiioonn  wwiitthh  iiddiiooppaatthhiicc
ppaarrkkiinnssoonniissmm  iinn  aa  tteerrttiiaarryy  ccaarree  hhoossppiittaall
Aijaz Ali, Shafqat Hussain Mahar, Dileep Kumar, Meraj Fatima, Saira Abbas, Samar Iltaf, Muhammad Sohaib Asghar
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.17

EEfffificcaaccyy  ooff  mmaannuuaall  tthheerraappyy  iinntteerrvveennttiioonnss  iinn  mmaannaaggeemmeenntt  ooff  lluummbbaarr  pprroollaappsseedd
iinntteerrvveerrtteebbrraall  ddiisscc::  aa  ppiilloott  rraannddoommiizzeedd  ccoonnttrroolllleedd  ttrriiaall
Varun Singh, Manoj Malik
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.18

CASE REPORTS
AAttyyppiiccaall  ffaacciiaall  oonnsseett  GGuuiillllaaiinn--BBaarrrréé  ssyynnddrroommee  ffoolllloowwiinngg  fifirrsstt  ddoossee  ooff  CCOOVVIISSHHIIEELLDD
VVaacccciinnee
R.V. Aravinda, Priyanka Mahendra Tater, Harsha Huliyappa, Christy Joseph Manual
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.19

IInnvveessttiiggaattiinngg  ddyyssaauuttoonnoommiiaa  ooff  BBrraaddbbuurryy  EEgggglleessttoonn  ssyynnddrroommee::  AA  ccaassee  rreeppoorrtt
Soumayata Somendra, Amit Tak, Jyotsna Shukla, Kapil Gupta, Jitendra Gupta
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.20

DDiiaaggnnoossiinngg  aa  rraarree  ccaassee  ooff  llyymmpphhooccyyttiicc  iinnfifillttrraattiioonn  ooff  tthhee  ppiittuuiittaarryy  ggllaanndd  wwiitthhoouutt  tthhee
iinnvvaassiivvee  pprroocceedduurree  ooff  ppiittuuiittaarryy  bbiiooppssyy
Hamad Haider Khan, Hameed Ullah, Siraj Ulhaq Khan, Huo Guo, Zahid Nadeem, Faiz Ullah Khan, Farman Ullah Khan,

Contact

Romanian Journal of Neurology https://rjn.com.ro/

3 of 5 05/10/21 07.18

https://view.publitas.com/amph/rjn_2021_3_art-10/
https://view.publitas.com/amph/rjn_2021_3_art-10/
https://view.publitas.com/amph/rjn_2021_3_art-10/
https://view.publitas.com/amph/rjn_2021_3_art-10/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-10.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-10.pdf
https://doi.org/10.37897/RJN.2021.3.10
https://doi.org/10.37897/RJN.2021.3.10
https://view.publitas.com/amph/rjn_2021_3_art-11/
https://view.publitas.com/amph/rjn_2021_3_art-11/
https://view.publitas.com/amph/rjn_2021_3_art-11/
https://view.publitas.com/amph/rjn_2021_3_art-11/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-11.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-11.pdf
https://doi.org/10.37897/RJN.2021.3.11
https://doi.org/10.37897/RJN.2021.3.11
https://view.publitas.com/amph/rjn_2021_3_art-12/
https://view.publitas.com/amph/rjn_2021_3_art-12/
https://view.publitas.com/amph/rjn_2021_3_art-12/
https://view.publitas.com/amph/rjn_2021_3_art-12/
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-12.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-12.pdf
https://doi.org/10.37897/RJN.2021.3.12
https://doi.org/10.37897/RJN.2021.3.12
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.13
https://doi.org/10.37897/RJN.2021.3.13
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.14
https://doi.org/10.37897/RJN.2021.3.14
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.15
https://doi.org/10.37897/RJN.2021.3.15
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.16
https://doi.org/10.37897/RJN.2021.3.16
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.17
https://doi.org/10.37897/RJN.2021.3.17
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.18
https://doi.org/10.37897/RJN.2021.3.18
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.19
https://doi.org/10.37897/RJN.2021.3.19
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.20
https://doi.org/10.37897/RJN.2021.3.20
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


Shida Hussain, Muhammad Irfan Mansha, Bingyin Shi
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.21

DDiiaaggnnoossiinngg  nneeuurroo--BBeehhççeett’’ss  ddiisseeaassee
Cătălina Elena Bistriceanu, Florentina Anca Danciu, Dan Iulian Cuciureanu
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.22

CCoommpplleexx  aauuddiittoorryy  iimmppaaiirrmmeenntt  wwiitthh  ppeedduunnccuullaarr  hhaalllluucciinnoossiiss  dduuee  ttoo  ppoonnttiinnee
hhaaeemmoorrrrhhaaggee  ––  aa  ccaassee  rreeppoorrtt
Anca Negrilă, Elena Oana Terecoasă, Răzvan Alexandru Radu, Bogdan Cășaru, Andreea Nicoleta Marinescu, Cristina
Tiu
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.23

LETTER TO EDITOR
RRiisskk  ooff  cceerreebbrraall  ssttrrookkee  iinn  ccoorroonnaavviirruuss  ppaattiieennttss  aanndd  iittss  pprreevveennttiioonn
A.H.M. Ataullah, Sabekun Nahar, Sabrina Rahman, Amit Agrawal, Moshiur Rahman
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.24

FFaahhrr  ssyynnddrroommee::  AA  rraarree  nneeuurrooddeeggeenneerraattiivvee  ddiissoorrddeerr  mmiimmiicckkiinngg  sseeiizzuurreess
Luis Rafael Moscote-Salazar, Camilo Palencia, Tariq Janjua, Loraine Quintana, Alexis Narvaez-Rojas, Iván Lozada-
Martinez
[ full text ] — Ref: Ro J Neurol. 2021;20(3). DOI: 10.37897/RJN.2021.3.25

SEARCH

Search Keyword

Search Authors

STANDARDS

Instructions for AUTHORS

Peer review process

Submit article
Submit your article to the journal by using the form here:

Submit

Subscriptions
To receive the RRoo  JJoouurrnnaall  ooff  NNEEUURROOLLOOGGYY click here:

SUBSCRIBE
Contact

Romanian Journal of Neurology https://rjn.com.ro/

4 of 5 05/10/21 07.18

https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.21
https://doi.org/10.37897/RJN.2021.3.21
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.22
https://doi.org/10.37897/RJN.2021.3.22
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-23.pdf
https://rjn.com.ro/articles/2021.3/RJN_2021_3_Art-23.pdf
https://doi.org/10.37897/RJN.2021.3.23
https://doi.org/10.37897/RJN.2021.3.23
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.24
https://doi.org/10.37897/RJN.2021.3.24
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://rjn.com.ro/#
https://doi.org/10.37897/RJN.2021.3.24
https://doi.org/10.37897/RJN.2021.3.24
https://rjn.com.ro/instructions-for-authors/
https://rjn.com.ro/instructions-for-authors/
https://rjn.com.ro/peer-review-process/
https://rjn.com.ro/peer-review-process/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
https://abonamente.medica.ro/
https://abonamente.medica.ro/
https://rjn.com.ro/instructions-for-authors/
https://rjn.com.ro/instructions-for-authors/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


Partners

editor@rjn.com.ro

Subscribe to the Newsletter

Articles from the journal are licensed
under a 
Creative Commons Attribution 4.0
International License

 Terms & Conditions

Open Access Statement

Publisher : AMALTEA Medical Publishing House

Contact

Romanian Journal of Neurology https://rjn.com.ro/

5 of 5 05/10/21 07.18

https://abonamente.medica.ro/
https://abonamente.medica.ro/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
http://nl.medica.ro/subscribe/61/c4a8b1e5ab797c88ae0a6e217e63130f
http://nl.medica.ro/subscribe/61/c4a8b1e5ab797c88ae0a6e217e63130f
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://rjn.com.ro/terms-and-conditions/
https://rjn.com.ro/terms-and-conditions/
https://rjn.com.ro/terms-and-conditions/
https://rjn.com.ro/open-access/
https://rjn.com.ro/open-access/
https://rjn.com.ro/open-access/
mailto:editor@rjn.com.ro
mailto:editor@rjn.com.ro
mailto:info@amaltea.ro
mailto:info@amaltea.ro


Romanian Journal of Neurology – Volume XX, No. 3, 2021 277

Neutrophil-to-lymphocyte ratio is modality to predict 
recurrence, disability and mortality of ischemic stroke 

following acute phase
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ABSTRACT
Stroke has been known as the second greatest cause of mortality and the third cause of disability. Ischemic stroke is more 
frequent than hemorrhagic stroke. The pathophysiology of ischemic stroke relates with inflammatory process. Neutrophil 
and lymphocyte are part of that process. Routine peripheral hematological laboratory, which contains information of neu-
trophil and lymphocyte, is easy, cheap and rapid test. This literature review purposes to explain the modality of neutro-
phil-lymphocyte ratio (NLR) in predicting the recurrence, disability and mortality of ischemic stroke following acute phase. 
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INTRODUCTION

Stroke is a sudden neurological deficit which is 
caused by vascular and can be focally or globally 
(1). WHO reported that one of six people would 
have experience of stroke in their lifespan (2). Based 
on World Health Organization (WHO), the sec-
ond-leading cause of death (75.2%) and the 
third-leading cause of disability (81%) are stroke. 
Mortality rate of stroke is higher in Asia and Indo-
nesia is the second highest after Mongolia (3). Prev-
alence of stroke in Indonesia based on Indonesia’s 
health research by the year 2018 is 10.9‰ and 
stroke is the major cause of disability (3,382.2/100,000 
people-years) and mortality (193.3/100,000 peo-
ple-years) in older adult (3,4). 

Generally, there are two major classifications of 
stroke, such as ischemic stroke and hemorrhagic 
stroke. Ischemic stroke is infarction in focal cere-
bral, spinal, or retinal and cause episodic neurolog-
ical dysfunction (5). Ischemic stroke is more fre-
quently (80%) than hemorrhagic stroke. Subtype of 
ischemic stroke are classified by the etiology, such 
as cardioembolic, atherosclerosis, lacunar, un-

known cause and other cause of ischemic stroke (6). 
Diagnosis of ischemic stroke is made by clinical his-
tory, physical examination (including funduscopic 
examination) and radiographic imaging (Computed 
Tomography/CT-Scan, Magnetic Resonance Imag-
ing/MRI, CT/MR angiography, transcranial doppler). 
Rarely, serum biomarker (S100 calcium binding 
protein B/S100B) and neuropathological evaluation 
are used in diagnosis of ischemic stroke (1). 

The modality to assess disability of patient who 
suffered stroke is modified Rankin Scale (mRS). 
Score of mRS is divided into some categories, such 
as from 0 (no symptoms at all) to 5 (severe disability 
and always needs nursing care in all of their activi-
ty) and 6 being death (7). 

Recurrent ischemic stroke means a recent neu-
rological deficit of an existing deficit. The preva-
lence of recurrent ischemic stroke is higher in five 
years following ischemic stroke than two years fol-
lowing ischemic stroke (16% vs. 12.9%) (9,10). About 
50% stroke patient who is more than 60 years old, 
have a higher chance of having recurrent stroke 
and male is more likely than female (10). There is an 
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approximately 38.7% patient of stroke do not con-
trol regularly (4). Irregular control is the main con-
tribution of recurrent stroke besides metabolic dis-
eases, such as diabetes mellitus, hypertension and 
obesity (10). The irregularly control fails to have 
proper secondary management. Therefore, it pro-
motes the chance of having recurrent stroke. Fur-
thermore, the recurrent ischemic stroke is caused 
by both irregularly control and various risk factors 
of stroke. Prevention of recurrent ischemic stroke 
depends on the management of the risk factors 
(9,10). Stroke survivor has limitation to do activity 
daily living (ADL) because alteration in mobility, be-
havior, emotion, and articulation. This limitation 
can be one of the recurrent stroke risk factors. Mor-
tality and disability were more frequent in recur-
rent stroke group.

The pathophysiology of stroke is related with the 
complexity of inflammatory process and oxidative 
stress. There are many inflammatory mediators 
which play a key role in neutrophil infiltration to 
ischemic brain’s neuron. In the other hand, leuko-
cyte infiltration to the ischemic site is caused by 
chemokine’s expression in endothelial cell (11). In 
the acute phase, high concentration of leukocyte in 
intravascular can correlate with the substantial of 
the infarction and severity of the ischemic brain, 
whereas low concentration of this blood component 
is associated with poorer prognosis in chronic phase 
(12).

NLR is prognosis predictor for heart failure, 
acute coronary syndrome, organ cancer, covid-19 
and even in ischemic stroke. NLR is the proportion 
of neutrophil and lymphocyte count (13-17). Recent-
ly, NLR can be used to predicting the recurrence of 
ischemic stroke. This inexpensive, rapid and uni-
versal laboratory test as peripheral hematological 
test (such as, hemoglobin, leukocyte, platelet, and 
differential white cell count (neutrophil, lympho-
cyte, monocyte, basophil, eosinophil) is routinely 
checked, especially in emergency room (12). There-
fore, this review aims to outline the modality of 
NLR ratio in predicting the recurrence, disability 
and mortality of ischemic stroke following acute 
phase.

NLR AND RECURRENT ISCHEMIC STROKE

Ischemic stroke is tightly related with the pro-
cess of atherosclerosis. Inflammation has played a 
major role in forming atherosclerosis besides hav-
ing risk factors and family history. Inflammation 
process can be detected by peripheral hematology 
laboratory test. It is inexpensive laboratory test and 
routinely checked (13). Leucocyte exhibits the inci-
dence of recurrent ischemic stroke. However, there 
are various subtypes of leucocyte, such as neutro-

phil, lymphocyte, monocyte, basophil and eosino-
phil, which results to lower the sensitivity and spec-
ificity of leukocyte. NLR is more sensitive to predict 
the recurrence rate of ischemic stroke than leuco-
cyte or neutrophil solely (14). Suh reported that the 
highest predictive value of recurrent ischemic 
stroke is NLR if compared to other components, as 
well as white blood cell (WBC), C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) 
(15). In addition, chronic ischemic stroke patient 
has two fold higher risk of getting recurrent ischem-
ic stroke which is detected in MRI (8). A China ex-
periment reported that NLR was independent pre-
dictor of recurrent ischemic stroke in acute setting. 
Furthermore, NLR >3 had higher chance to have 
recurrent ischemic stroke event asides from stroke 
severity and poor prognosis (HR = 1.499; 95%CI; 
1.161-1.935; p = 0.002) (13,21) . 

There are many cut off variations to predict re-
current ischemic stroke. In China study, the cut off 
of NLR is 2.97, with 95% sensitivity and 53% speci-
ficity (22, 23). The other study, high score of mRS 
was found in NLR >4 (ORs/RRs = 3.469; 95%CI; 1.904-
6.320) (19). In Turkey study, the cut off of NLR is 2.6 
with high sensitivity and specificity (73% and 73% 
consecutively). This inconsistent and unstandard-
ized cut off of NLR can be due to both insufficient 
and less variety of sample. Thus, further studies 
with bigger number of sample should be done to 
conclude a higher sensitivity and specificity and 
standardized cut off of NLR in predicting the recur-
rence rate of ischemic stroke (20).

Neutrophil is the first component of white blood 
cell (WBC) in vascular. It plays a key role in proin-
flammatory process and releasing proteolytic en-
zyme. Endothelial cell releases cytokines which ele-
vate the upregulation of peripheral neutrophil. 
However, lymphocyte has a contrary effect with 
neutrophil in atherosclerosis (13,18,21). The high 
neutrophil and low lymphocyte amount in acute 
phase lead that NLR can be applied in acute phase 
to predict the recurrence rate of ischemic stroke 
(21).

Besides NLR, CRP is one of the inflammation in-
dicators. There was a study which compared NLR 
and CRP in predicting mortality indicated that NLR 
was more associated with mortality in ischemic 
stroke (22). Furthermore, NLR and CRP also can pre-
dict the etiology of ischemic stroke. Both of NLR and 
CRP increase when the etiology of ischemic stroke 
are atherosclerosis and cardioembolic. Neverthe-
less, NLR is significantly higher in atherosclerosis 
than in cardioembolic as the etiology of stroke (23). 

NLR is higher in female than male but insignifi-
cant. Inflammation maker is affected by estrogen 
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which extremely depends on age. Therefore, higher 
inflammation marker can be detected in peripheral 
blood laboratory in younger female (24).

Quan reported that high NLR had higher risk of 
recurrent stroke than low NLR in three month fol-
low-up (OR = 1.8; p = < 0.0001; 95%CI; 1.476-2.350) 
and in one year follow-up (OR = 1.878; p = <0.0001; 
95% CI; 1.546-2.281) (25). The other study showed 
that high NLR was significantly increasing the risk 
of recurrent ischemic stroke event (RR = 2.074; 
95%CI; 1.485-2.896; p = < 0.001). The risk of recur-
rent ischemic stroke was increase when there were 
both high NLR and comorbid such as, hypertension, 
hyperlipidemia and current smoking (19). 

NLR AND DISABILITY ISCHEMIC STROKE

Shi reported that NLR significantly correlated 
with disability of ischemic stroke patient after 3 
month of acute ischemic stroke (OR = 1.17; 95%CI; 
1.04-1.34; p = 0.024) (26). The other study concluded 
that moderate-severe disability could be related 
with high NLR (OR = 2.236; 95%CI; 1.472–3.397; p = < 
0.001) (27). The higher NLR, the poorer outcome fol-
lowing acute ischemic stroke. In one study which 
divided mRS into 5 group showed that the increas-
ing of NLR was significantly (p = 0.001) proportional 
with increasing the mRS (NLR = 3.99±0,12; mRS = 2 
vs. NLR = 3.92±0.51; mRS = 3 vs. NLR = 4.1±0.93; mRS 
= 4 vs. NLR = 4.05±0.44; mRS = 5 vs. NLR = 5.95±0.39; 
mRS = 6) (28). Another study revealed that higher 
NLR was observed in poor outcome (mRS≥ 3) in 3 
months following ischemic stroke (p = < 0.001) (29).

Qun reported that the cut-off of NLR which was 
significant to differentiate between good and poor 
outcome (p = <0.001; 95%CI; 0.77-0.81) was 2.9, with 
75% sensitivity and 61% specificity (30). NLR≥ 2, 
which had high sensitivity and specificity (90% & 
96%, consecutively) significantly had linked to unfa-
vourable outcome (mRS ≥ 3) in 3 month after is-
chemic stroke (p = <0,001) (31). High score of mRS 
was found in NLR≥ 3.51 (95%CI = 0.727-0.825,  
p = <0.001). The sensitivity and specificity of NLR≥ 
3.51 are 64.6% and 81.8%, respectively (32). The oth-
er study found that 35% ischemic stroke patient 
with NLR≥ 3 had moderate-severe disability. The 
cut-off of NLR which was described as unfavoura-
ble outcome was 2.39 with 72% sensitivity and 
70.9% specificity (OR = 1.455; 95%CI; 1.083-1.956) 
(12). There was another study which exhibited that 
high NLR (NLR≥ 3) increased four times higher the 
risk of moderate-severe disability (mRS ≥ 3) with  
p = 0.006 (95%CI; 1.533-13.046) (18). A Korea study 
reported that NLR≥ 4.12 increased the risk of major 
disability with OR = 2.89 (p = 0.002; 95%CI; 1.62-5.12) 
(33). Song exhibited that high NLR linked with se-
vere disability (ORs/RRs = 1.851; 95%CI = 1.325–

2.584; p = < 0.001). When NLR was high at two con-
tinuous days after stroke, it correlated with poor 
prognosis (ORs/RRs = 1.432; 95%CI; 1.266-1.619) (19). 
The other cut-off of NLR was 7 and related with 
poor outcome (mRS 4-6) (OR = 2.44; 95%CI; 1.73–
3.42) (34). This is consistent with Hu, who reported 
that NLR ≥ 5.87 showed the poor outcome in 3 
months after ischemic stroke (OR = 2.079; 95%CI; 
1.232-3.506; p = 0.006) with 64.4% sensitivity and 
59.2% specificity. The sensitivity and specificity 
could be increased by adding other parameters 
which were included in the risk factor of ischemic 
stroke (85.2% and 75.6%, respectively) (29). Howev-
er, there was variety of cut-off between Asian and 
non-Asian population. The NLR was found higher in 
non-Asian population than in Asian population (9). 
In the other hand, the variety cut-off of NLR is af-
fected with duration of the stroke. The longer the 
duration from stroke attack, the more optimal cut-
off value to measure the outcome. A Turkey study 
reported that a significant increase of NLR was ob-
served between admission and 24-hour post-is-
chemic stroke (3.58±2.4 to 7.04±5.1; p = <0.001) 
(35,40). Another study exhibited that NLR in the 
first 24 hours was slightly lower than in 48-72 hours 
after ischemic stroke (4.29 vs. 4.58). In addition, the 
specificity (66%) and sensitivity (76%) in 48-72 
hours was also higher than in the first 24 hours 
(56% specificity and 55% sensitivity) after ischemic 
stroke. Furthermore, there were associations 
among NLR, the duration of stroke attack and disa-
bility in ischemic stroke patient. Patient with mod-
erate-severe disability had higher NLR level than 
with mild disability in 24-48 hours of onset ischemic 
stroke (8.41±0.91 vs. 4.93±0.47; p = 0.001). Consist-
ently, NLR level in moderate-severe disability was 
also higher than in mild disability in 48-72 hours of 
onset ischemic stroke (8.68±0.93 vs. 4.5±0.51; p = 
0.009). This study showed that NLR≥ 4.58 had 5.58 
times suffered moderate-severe disability than 
NLR≤ 4.58 (95%CI; 1.99-15.64, p = 0.001) (36) (Table 1).

NLR AND MORTALITY ISCHEMIC STROKE

CRP, which has been used as mortality predictor 
in cardiovascular disease, is inferior to NLR (15). Be-
sides CRP, Fan investigated that routine hematologic 
parameters, such as NLR, which was an inexpen-
sive, practical and objective test, correlated to mor-
tality rate of ischemic stroke (37). NLR was higher in 
dead patients than in survive patients in ischemic 
stroke (p = 0.011) (38). One study exhibited that the 
level of NLR was higher in survive patients of is-
chemic stroke within 30 days than in dead patients 
(7.1 vs. 5.4; p = 0.005) (29). Shi reported that NLR 
linked with 3 months mortality rate following is-
chemic stroke (26). Other study from China showed 
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TABLE 1. The characteristics of NLR in ischemic stroke

Author Year Location Age (years) Predictive Cut-off 
NLR

Sensitivity 
(%)

Specificity 
(%)

OR/RR/
HR

95%
CI p-value

Xue J,, et al. 
(12) 

2017 China 61.8±10.2 Disability 2.39 72 70.9 1.455 1.083-1.956 0.013

China Recurrence 2.39 - - 1.499 1.161-1.935 0.002
Angkananard 
T, et al. (16)

2018 Thailand 34.9-73.2 Recurrence 3.00 - - 2.36 1.44-3.89 0.012

Sun G,  
et al. (17)

2020 China 47.72±11.94 79 Recurrence 2.97 95 53 2.457 1.096-5.508 0.03

Luo Y,  
et al. (18)

2020 China 62.7±10.5 Recurrence 2.94 69.6 77.1 4.502 0.691-0.843 <0.001

China Disability 3 - - 4.502 1.533-
13.046

0.006

Song SY,  
et al. (19)

2019 China ≥65 Recurrence 4 - - 2.074 1.485-2.896 <0.001

China Disability 4 - - 1.851 1.325-2.584 <0.001
China Mortality 4 - - 1.220 1.105-1.347 <0.001

Köklü E,  
et al. (20)

2016 Turkey 60-76 Recurrence 2.6 73 71 7.779 3.685-
16.424

0.001

Quan K,  
et al. (25)

2019 China 56-74 Recurrence 3 - - 1.8 1.476-2.350 <0.0001

Shi J,  
et al. (26)

2018 China 68.1±12.0 Disability 3 - - 1.17 1.04-1.34 0.024

China Mortality 3 - - 1.42 1.22-1.72 <0.001
Cao X,  
et al. (27)

2020 China 66.81±12.58 Disability 3.23 59.1 70.4 2.236 1.472-3.397 <0.001

Tony AA,  
et al. (28)

2018 Egypt 62.64±10.99 Disability 3.92±0.51 - - - - 0.001

Egypt Mortality 4.99 82.9 78.9 - - 0.001
Hu Y,  
et al. (29)

2020 China 50-75 Disability 
and 

mortality

5.87 64.4 59.2 2.079 1.232-3.506 0.006

Qun S,  
et al. (30)0

2017 China 69-72 Disability 2.995 75 61 2.547 0.77-0.81 <0.001

Elsheikh WM,  
et al. (31)

2020 Egypt 48-70 Disability 2.05 90 96 0.095 0.063-0.390 0.001

Chen C,  
et al. (32)

2021 China 66.8±12.2 Disability 3.51 64.6 81.8 2.32 0.727-0.825 <0.0001

Yu S,  
et al. (33)

2017 Korea 70.0±16.0 Disability 4.12 - - 2.89 1.62-5.12 0.002

Duan Z,  
et al. (34)

2018 China 57-74 Disability 7 - - 2.44 1.73-3.42 <0.001

Mortality 5.9 - - 6.69 1.7-26.3 <0.05
Bi Y,  
et al. (35)

2021 China 62-74 Mortality 3 - - 1.71 1.01-2.42 <0.01

Petrone AB, 
et al. (36)

2019 USA 73±12 Disability 4.58 76 66 5.58 1.99-15.64 0.001

Malhotra K, 
et al. (39)

2018 USA 64.3±14.4 Mortality 2.2 51.4 63.1 1.56 1.08-2.24 0.018

Kozyolkin O, 
et al. (40)

2019 Ukraine 45-85 Mortality 4.8 80 86.5 1.11 1.00-1.21 0.0303

that NLR >3.23 was corelated with 90 days mortality 
following ischemic stroke (p = <0.001) (27). High 
NLR (≥ 4.12) has 2.61 times higher mortality rate 
than low NLR (≤ 4.12) (33). A study in USA reported 
that 3 month high-mortality rate was found in high 
NLR (p = 0.018) (39). Song demonstrated that the 
mortality rate had association with NLR level. The 
higher level of NLR linked with higher mortality 

rate in 30 days (HR= 1.220; 95%CI; 1.105–1.347; p = < 
0.001), 60 days (HR= 3.300; 95%CI; 1.350-8.068; p = 
0.009) and one year after 90 days follow-up (HR= 
1.030; 95%CI; 1.010-1.050; p = 0.003) (19). Further-
more, high NLR also related with high mortality 
rate in recurrent ischemic stroke (40). This could be 
in consequence of chronic low-grade inflammatory 
circumstances in existing prior stroke. In addition, 
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it could be also caused by the rapid inflammatory 
response which was released when patient had re-
current stroke (25). NLR could be used to predict the 
lethal outcome at the time of admission with 80% 
sensitivity and 86.5% specificity (OR= 1.11; 95%CI; 
1.00-1.21; p = 0.0303) (40). In Egypt study, NLR ≥ 4.99 
could predict the mortality of ischemic stroke with 
high specificity and sensitivity (p = 0.001; 78.9% and 
82.9%, respectively) (28). Moreover, NLR could be 
used to predict 3 month mortality rate in acute is-
chemic stroke. High NLR related with higher risk of 
3 month mortality rate following acute ischemic 
stroke (95%CI; 1.01-2.42, p = < 0.01) (35). Malhotra 
reported that the cut-off of NLR, which associated 
with 3-month mortality rate, was 2.2. Patient who 
died 3 month after ischemic stroke had NLR >2.2  
(P: 0.018) (39). The management of ischemic stroke 
as early prevention could decline the risk of mortal-
ity, which caused by ischemic stroke and adjust the 
NLR (35). The mortality rate also correlated with 
time of follow-up and NLR after ischemic stroke. 
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