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The Value of Diffusion-Weighted MRI
in CT-Negative Stroke Mimickers

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The pur po se of the study is to assess the di ag nos tic ac cu racy of dif fu si on- we -
igh ted mag ne tic re so nan ce ima ging (MR-DWI) per for med in the first six ho urs after symptom on -
set in pa ti ents mi mic king stro ke. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: The pa ti ents inc lu ded in the study we re
tho se in whom the non-con trast com pu ted to mog raphy (NCCT) scan fa i led to de pict the re a son for
the new stro ke-li ke symptoms and/or the patients for whom additional information was needed in
order to plan their therapy. Pa ti ents who had an ima ging tech ni qu e per for med wit hin six ho urs af -
ter pre sen ting in the ED we re inc lu ded. Fi nal di ag no sis of stro ke was de ri ved from any of the po s-
i ti ve re sults of MRI, NCCT, da ta de ri ved from pa ti ent’s fi les or te lep ho ne fol low up, as king whether
the pa ti ent ex pe ri en ced a stro ke at tack wit hin thre e months af ter in dex ED vi sit. RRee  ssuullttss::  Da ta of
78 pa ti ents we re analy zed and isc he mic stro ke was de tec ted in 17 pa ti ents. The sen si ti vity and spe -
ci fi city of MR-DWI we re 100% (95% CI: 80-100) and 100% (95% CI: 94-100), res pec ti vely. The po s-
i ti ve and ne ga ti ve pre dic ti ve va lu es for MR-DWI we re 100 (95% CI: 80-100) and 100 (95% CI:
94-100), res pec ti vely. CCoonncc  lluu  ssii  oonn::  MR-DWI is a fast and va lu ab le ima ging mo da lity in the ED. The
re sults of the test can be used in da ily prac ti ce of busy EDs. The test can chan ge the ma na ge ment
stra tegy of NCCT ne ga ti ve pa ti ents with new stro ke-li ke symptoms when a de ci si on abo ut pa ti ent
tre at ment re qu i res ad di ti o nal in for ma ti on. 

KKeeyy  WWoorrddss::  Stro ke; dif fu si on mag ne tic re so nan ce ima ging

ÖÖZZEETT  AAmmaaçç::  Ça lış ma nın ama cı in me yi tak lit eden kli nik du rum lar da semp tom la rın baş la ma sın -
dan son ra ki 6 sa at lik sü reç te ya pı lan dif füz yon ağır lık lı Man ye tik Re zo nans Gö rün tü le me (MR-
DWI)’nin ta nı da ki doğ ru lu ğu nu kar şı laş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ça lış ma ya da hil edi len
has ta lar kon trast sız Bil gi sa yar lı To mog ra fi (NCCT) ta ra ma sı nın in me yi tak lit eden ve ye ni baş -
lan gıç lı semp tom la rın ne de ni ni bu la ma dı ğı ve/ve ya te da vi ye ka rar ver mek için ek bil gi ge re ken
has ta lar dı. Acil üni te si ne baş vur duk tan son ra ki 6 sa at için de gö rün tü le me ya pı lan has ta lar 
ça lış ma ya alın dı. Ni hai in me ta nı sı po zi tif MRI, NCCT, has ta dos ya la rın da ki ve ri ler ve ya te le -
fon ta ki bi yo luy la ilk vi zit ten son ra ki üç ay için de has ta nın in me ata ğı ge çi rip ge çir me di ği ni sor -
mak su re tiy le el de edil di. BBuull  gguu  llaarr::  78 has ta ya ait ve ri ler ana liz edil di ve is ke mik in me 17
has ta da tes pit edil di. MR-DWI du yar lı lık ve öz gül lü ğü sı ra sıy la %100 (95 GA: %80-100) ve 
%100 (%95 GA: 94-100) idi. MR-DWI için po zi tif ve ne ga tif pre dik tif de ğer ler sı ra sıy la 100 
(%95 GA: 80-100) ve 100 (%95 GA: 94-100) idi. SSoo  nnuuçç::  MR-DWI acil üni te sin de hız lı ve 
de ğer li bir gö rün tü le me yön te mi dir. Test so nuç la rı yo ğun acil ser vis ler de gün lük uy gu la ma da
kul la nı la bi lir. Test ye ni baş lan gıç lı ve in me yi tak lit eden semp tom la rı olan NCCT ne ga tif has -
ta la rın te da vi si ne ka rar ver mek için ek bil gi ye ih ti yaç du yul du ğun da te da vi stra te ji si ni de ğiş ti -
re bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: İnme, felç; di füz yon man ye tik re zo nans gö rün tü le me     
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tro ke sur vi val is as so ci a ted with sig ni fi cant
me di cal, so ci al, and eco no mic bur den. Ap pro -
xi ma tely 15% of pa ti ents suf fe ring a stro ke re-

qu i re hos pi ta li za ti on for the ir furt her nur sing ca re,
and mo re than 40% are di sab led.1

Im me di a te re cog ni ti on of symptoms by pa ti -
ents and tre at ment of stro ke by emer gency physi-
ci ans or a stro ke te am are cri ti cal for im pro ving
stro ke out co mes and re duc ti on of risk mor bi dity
and mor ta lity.1

The ti mely di ag no sis of acu te ce reb ral isc he -
mi a has be co me cri ti cal with the ad vent of re per fu -
si on the rapy. In tra ve no us fib ri noly tic the rapy is
in di ca ted in the first thre e ho urs af ter symptom on -
set.2 Pa ti ents pre sen ting to emer gency de part ments
(ED) with the symptoms com pa tib le with stro ke
must be as ses sed for eli gi bi lity of re per fu si on the r-
apy in a li mi ted ti me win dow.3 Na ti o nal Ins ti tu tes
of He alth (NIH) sco re must be cal cu la ted and ne u -
ro i ma ging must be per for med and in ter pre ted as so -
on as pos sib le to re du ce the throm boly tic de li very
ti me. In ca se of throm boly tic the rapy, mis di ag no sis
of the pa ti ent has po ten ti ally im por tant cli ni cal and
me di co le gal imp li ca ti ons such as in cre a sed risk of
in trac ra ni al he morr ha ge and mal prac ti ce cla ims.

Non con trast com pu ted to mog raphy (NCCT) is
the first ima ging mo da lity in acu te stro ke in the
ED. NCCT is ab le to dif fe ren ti a te he morr ha gic stro -
ke from isc he mic stro ke and can al so exc lu de ot her
po ten ti al ca u ses of acu te ne u ro lo gi cal symptoms. 

An early pat ho lo gic pro cess in stro ke, shift of
wa ter from the ex tra cel lu lar spa ce in to the in tra -
cel lu lar spa ce be ca u se of ade no sin trip hosp ha te
loss, can be sen si ti vely de tec ted by dif fu si on-we -
igh ted MR (MR-DWI).4 The re are stu di es sho wing
that MR-DWI may of fer high sen si ti vity early in
the co ur se of stro ke.4

The pur po se of this study is to as sess the di ag -
nos tic ac cu racy of MR-DWI per for med in the first
six ho urs af ter symptom on set in pa ti ents mi mic king
stro ke.

MA TE RI AL AND MET HODS
This is a ret ros pec ti ve co hort study in pa ti ents with
stro ke-li ke symptoms in an ED set ting. We re vi e -

wed all the MR-DWIs ob ta i ned bet we en Ja nu ary
2007 and De cem ber 2008 in the ED of a Uni ver sity
Hos pi tal with an an nu al cen sus of ap pro xi ma tely
70 000 adult pa ti ents. The ro u ti ne pro ce du re in the
ED is to or der NCCT for the pa ti ents with signs and
symptoms com pa tib le with stro ke, and re gard less
of the re sult of NCCT, to hos pi ta li ze the pa ti ent.
The pa ti ents inc lu ded in the study we re tho se in
whom the NCCT scan fa i led to de pict the re a son
for the new stro ke-li ke symptoms and/or the pa ti -
ents for whom ad di ti o nal in for ma ti on was ne e ded
in or der to plan the ir the rapy. Ac cor ding to the
con sul ta ti on po licy of our hos pi tal, all pa ti ents we -
re con sul ted by a se ni or Ne u ro logy re si dent un der
the su per vi si on of a fa culty mem ber af ter NCCT,
but be fo re MR-DWI. The ne ed for a MR-DWI was
de ci ded to get her. Pa ti ents who had an ima ging
tech ni qu e per for med wit hin six ho urs af ter pre sen -
ting to the ED we re inc lu ded. Pa ti ents we re exc lu -
ded if a ba sic MRI scan had be en or de red. All CT
and MR-DWIs we re in ter pre ted by a ra di o logy re s-
i dent un der the su per vi si on of a fa culty mem ber.
NCCT scans and MR-DWIs we re in ter pre ted by
two se pe ra te te ams. Fi nal di ag no sis of stro ke was
de ri ved from any of the po si ti ve re sults of MRI, CT,
da ta de ri ved from pa ti ent’s fi les or te lep ho ne fol-
low up, as king whet her the pa ti ent ex pe ri en ced a
stro ke at tack wit hin thre e months af ter in dex ED
vi sit.

MRI was per for med with a 1.5 T unit (Phi lips
In te ra, Eind ho ven, The Net her lands) with ec ho-
pla nar ca pa bi li ti es. NCCT was per for med with spi-
ral or mul tis li ce scan ners (Tos hi ba XVi si on and
Tos hi ba Aqu il lon 64). We ob ta i ned 5-mm-thick
con ti gu o us sec ti ons. All CT ima ges we re al so in ter-
pre ted by a ra di o logy re si dent and fa culty mem ber
of Ra di o logy.

STA TIS TI CAL ANALY SIS

The study da ta we re analy zed using SPSS 15.00 for
Win dows (SPSS Inc., Chi ca go, Il li no is, USA) and
Med Calc 11.2 (Med Calc Soft wa re, Ma ri a ker ke, Bel-
gi um). De mog rap hic cha rac te ris tics we re sum ma -
ri zed as a me an ± SD for con ti nu o us va ri ab les and
as a per cen ta ge of the gro up for ca te go ri cal va ri ab -
les. Non pa ra met ric com pa ri son of the two gro ups
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was per for med by Mann-Whit ney U test and χ2
test for ca te go ri cal va ri ab les. The nor ma lity analy-
sis was per for med by Kol mo go rov-Smir nov test.
Sen si ti vity, spe ci fi city, and po si ti ve and ne ga ti ve
pre dic ti ve va lu es and the ir 95% con fi den ce in ter -
vals we re cal cu la ted for MR-DWI.

RE SULTS
Bet we en Ja nu ary 2007 and De cem ber 2008 , a to tal
of 108 MR-DWI we re or de red. Thirty of 108 pa ti -
ents we re exc lu ded eit her for CT ima ging was not
per for med or for pa ti ents we re pre sen ted to the ED
mo re than six ho urs af ter symptoms on set (Fi gu re
1). The me an age of the study po pu la ti on was 56 ±
18 ye ars and 56% of the pa ti ents we re ma les. MR-
DWI de tec ted acu te stro ke in 17 out of 78 pa ti ents
(Tab le 1). De mog rap hic and ba se li ne cha rac te ris -
tics of the pa ti ents are lis ted in Tab le 2. The re we -
re two pa ti ents with fal se po si ti ve NCCT re sults.
The re ports of the se two ca ses we re in ter pre ted as
cor ti cal sul cal ef fa ce ment.

The sen si ti vity and spe ci fi city of MR-DWI
we re 100% (95% CI: 80-100) and 100% (95% CI:

94-100), res pec ti vely. The po si ti ve and ne ga ti ve
pre dic ti ve va lu es for MR-DWI we re cal cu la ted as
100 (95% CI: 80-100) and 100 (95% CI: 94-100), re-
s pec ti vely.

DIS CUS SI ON
In the study of Kot ha ri et al., mis di ag no sis ra te of
stro ke by emer gency physi ci ans ha ve ran ged from
5% to 33%.5 In the study of Fer ro et al., mis di ag -
no sis ra te was re por ted as 9%.6 In an ot her study,
19% of 441 pa ti ents who we re ini ti ally di ag no sed
as stro ke by a stro ke te am had a con di ti on mi mic -
king stro ke. Emer gency physi ci ans ha ve a res pon -
si bi lity to dis tin gu ish stro ke pa ti ents from stro ke
mi mic kers, and as a mem ber of stro ke te am, sho -
uld be gin throm boly tic the rapy to eli gib le pa ti ents
in a li mi ted ti me win dow. Cli ni cal as sess ment is
in suf fi ci ent to dif fe ren ti a te isc he mic from he mor-
r ha gic stro ke or to iden tify all con tra in di ca ti ons
for the rapy.7

In a me ta-analy sis, the sen si ti vity, spe ci fi city,
and po si ti ve and ne ga ti ve pre dic ti ve va lu es of MR-
DWI and NCCT we re com pa red. For MRI with
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FIGURE 1: Flow diagram of the patients.
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DWI, the sen si ti vity was 97% (95% CI: 94-98), spe -
ci fi city was 100% (95% CI: 88-100), po si ti ve pre-
dic ti ve va lu e (PPV) was 100% (95% CI: 98-100),
and ne ga ti ve pre dic ti ve va lu e (NPV) was 91% (95%
CI: 75-98). The sen si ti vity of NCCT was 47% (95%
CI: 43-51), spe ci fi city was 93% (95% CI: 85-97),
PPV was 97% (95% CI: 94-99) and NPV was 23%
(95% CI: 19-28) (Tab le 3).7

A pros pec ti ve study com pa red MR-DWI with
NCCT in the ED pa ti ents with sus pec ted stro ke and
fo und that MR-DWI de tec ted acu te stro ke (both
isc he mic and he morr ha gic) and chro nic he morr -
ha ge mo re fre qu ently than CT.8 In this study, acu -
te isc he mic stro ke was de tec ted in 46% of the
pa ti ents with MR-DWI and 10% of the pa ti ents
with NCCT. Using the cli ni cal di ag no sis as gold

stan dard sen si ti vity of 83% for MR-DWI and 26%
for NCCT we re cal cu la ted.8

In a ret ros pec ti ve study, 19 of 346 pa ti ents
with ini ti al ne ga ti ve MR-DWI fin dings we re de-
tec ted to ha ve stro ke and fal se ne ga ti ve re sults oc-
cur red mo re of ten in pos te ri or cir cu la ti on (11.9%)
than an te ri or cir cu la ti on (2.3%). The aut hors ha ve
conc lu ded that, ne ga ti ve MR-DWI co uld not ru le
out acu te stro ke in pos te ri or cir cu la ti on stro ke wit -
ho ut car di o em bo lic risk fac tor.16

The di ag nos tic ac cu racy of MR-DWI in our
study was in ac cor dan ce with the pre vi o us stu di es.
Stro ke was not de tec ted in any pa ti ent when MR-
DWI was nor mal. MR-DWI may be a qu ick and
va lu ab le to ol in pa ti ents with in conc lu si ve ne u ro -
lo gi cal signs and symptoms. This tech ni qu e may
pre vent un ne ces sary ad mis si on to hos pi tal, and in
this re gard, it may be a cost ef fec ti ve stra tegy. Cli-
ni ci ans sho uld be ca re ful with the pa ti ents pre sen -
ting to ED with in conc lu si ve signs and symptoms
that sug gest a pos te ri or cir cu la ti on di sor der. This
study is dis tin gu is hed from the pre vi o us stu di es by
only inc lu ding the pa ti ents wit ho ut ob jec ti ve ne u -
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NCCT MR-DWI

Normal Abnormal Inconclusive Normal Abnormal

Stroke Negative 59 0 2 61 0

Positive 17 0 0 0 17

TABLE 1: Test results of NCCT and MR-DWI.

Stroke Present Stroke Absent p

n % n %

Gender Female 5 6.4% 29 37.2%
0.26

Male 12 15.4% 32 41%

Mean ± Standard Deviation

Age 54 ± 19.4 66 ± 12.7 0.02

TABLE 2: Demographic properties of study participants.

Study Number of Patients, design Sensitivity Specificity PPV NPV

MR-DWI MR-DWI MR-DWI MR-DWI

Mullins ME et al.9 691,retrospective 97 92 96 77

Fiebach J. et al.10 31, prospective 100 N/A N/A N/A

Fiebach JB. et al.*11 54, prospective 91.81 65.56 96.93 47.30

Urbach H.et al.°12 30, prospective 100.95 100.80 100.96 100.65

Langsberg MG et al.13 19, prospective 100 N/A N/A N/A

Gonzales RG et al.4 22, prospective 100 100 100 100

Barber PA et al.14 17, prospective 100 N/A 100 100

Saur D et al.15 45, prospective 93 N/A N/A N/A

TABLE 3: Detection of stroke with MR-DWI in different studies.

*The first value is ‘expert’ reader and the second value is ‘novice’ reader.
° The first value is consensus interpretations and the second value is individual interpretations.



ro lo gi cal signs. MR-DWI may shor ten ti me to di ag-
no sis and it may ha ve a po si ti ve ef fect on over-
crow ding in EDs and hos pi tal wards.

This study be ca u se of its ret ros pec ti ve de sign
may ha ve se ve ral li mi ta ti ons. The 6 ho urs pe ri od
af ter symptom on set may ha ve be en lon ger in so -
me pa ti ents. The first ima ging mo da lity was
NCCT, le a ding an ad van ta ge to MR-DWI. Re si -
dents and fa culty mem bers of Ra di o logy we re not

blin ded to cli ni cal da ta but NCCT and MR-DWI
we re in ter pre ted by two se pa ra te te ams.7

In conc lu si on, MR-DWI is a qu ick and va lu -
ab le ima ging mo da lity in the ED. The re sults of the
test can be used in da ily prac ti ce of busy EDs. The
test can chan ge the ma na ge ment stra tegy of NCCT
ne ga ti ve pa ti ents with new stro ke-li ke symptoms
when a de ci si on abo ut pa ti ent tre at ment re qu i red
ad di ti o nal in for ma ti on.
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