ORIGINAL PAPER

Is Clinical-Diffusion Mismatch Associated with
Good Clinical Outcome in Acute Stroke Patients
Treated with Intravenous Thrombolysis?

Je clinical-diffusion mismatch sdruzen s dobrym klinickym
vysledkem u pacientl s akutnim ischemickym iktem lécenych

intravendzni trombolyzou?

Abstract

Background and purpose: Mismatch between stroke severity, assessed by the National Institutes of
Health Stroke Scale (NIHSS), and the infarction volume on MRI-DWI (Clinical-Diffusion Mismatch;
CDM) may predict follow-up infarction expansion and early neurological deterioration. The aim
was to compare infarction growth, clinical outcomes and incidence of symptomatic intracerebral
hemorrhage (sICH) in acute ischemic stroke (IS) patients presented with and without CDM treated
with intravenous thrombolysis (IVT) within three hours. Patients and methods: The set of 125 conse-
cutive hemispheric IS patients (78 males, mean age 66.0 + 12.1 years) were retrospectively analyzed.
CDM was defined as NIHSS > 8 and DWI volume < 25ml, non-mismatch as NIHSS > 8 and DWI vo-
lume > 25ml. Infarction volume was measured on admission and after 24 hours. Neurological deficit
was evaluated using NIHSS on admission and 24 hours later and the 90-day clinical outcome using
modified Rankin Scale (mRS). Mann-Whitney, Fischer Exact, Chi-Square tests and multiple stepwise
linear regression analysis were used for statistical evaluation. Results: Sixty-one (48.8%) patients pre-
sented with CDM and 31 (26.4%) with non-CDM. Non-CDM patients had significantly higher infarct
growth (p < 0.0001) after 24 hours. CDM patients had significantly greater decrease in NIHSS after
24 hours (p = 0.005) and better 90-day clinical outcome (median mRS 1) than non-CDM patients
(median MRS 5, p < 0.0001). Non-CDM patients (versus CDM) presented with higher incidence of
sICH (16.1 versus 0%, p = 0.003) and mortality after IVT (15.8 versus 0%, p = 0.0001). Conclusions:
Patients with CDM before IVT had significantly better clinical outcome than those without CDM.

Souhrn

Vychodiska a cile: Mismatch (nesoulad) mezi tizi ischemického iktu (IS) kvantifikovanou pomoci skaly
National Institutes of Health Stroke Scale (NIHSS) a objemem infarktového loZiska na MRI-DWI (Clini-
cal-Diffusion Mismatch; CDM) mUze predikovat naslednou progresi velikosti infarktu a neurologic-
kého deficitu. Cilem prace bylo srovnat progresi ischemickych zmén, klinicky stav a incidenci sympto-
matického krvaceni (sICH) u pacientt s akutnim iktem, ktefi méli/neméli CDM a soucasné byli léceni
intravendzni trombolyzou (IVT) do 3 hod od vzniku iktu. Soubor a metodika: Retrospektivné bylo
analyzovéno celkem 125 konsekutivnich pacientt s hemisferalnim ischemickym iktem (78 muzd,
primérny vék 66,0 £ 12,1 let). CDM byl definovan jako NIHSS > 8 a DWI objem < 25ml, non-mis-
match jako NIHSS > 8 a DWI objem > 25ml. Objem infarktu byl kvantifikovan pfi pfijeti a po 24 hod.
Neurologicky deficit byl hodnocen pomoci skély NIHSS pfi pfijeti a po 24 hod, a 90denni klinicky
vysledek pomoci modifikované Rankin Scale (mRS). Ke statistickému zhodnoceni vysledkd byly
pouzity Mann-Whitney, Fischer Exact a y? test a dale vicestupriova linedrni regresni analyza. Vysledky:
CDM byl pfitomen u 61 (48,8 %) pacientll a nepfitomen u 31 (26,4 %). Pacienti bez mismatche méli
signifikantné vétsi progresi infarktovych zmén (p < 0,0001) po 24 hod. CDM pacienti méli vyznamné
vétsi pokles ve skale NIHSS po 24 hod (p = 0,005) a lepsi 90denni klinicky vysledek (medidn mRS: 1)
oproti pacientdm bez mismatche (medidan mRS: 5, p < 0,0001). Pacienti bez mismatche méli vy3si
incidenci sICH (16,1 vs 0%, p = 0,003) a mortalitu po IVT (15,8 vs 0%, p = 0,0001). Zavér: Pacienti
s CDM pred IVT méli vyznamné lepsi klinicky vysledek oproti pacientlim bez mismatche.
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Introduction

The use of intravenous thrombolysis (IVT)
in acute ischemic stroke (IS) patients is re-
cently limited to the 4.5-hour time win-
dow [1,2]. More accurate selection strate-
gies are required, if time window should
be extended. The magnetic resonance
imaging (MRI) mismatch between the per-
fusion weighted imaging (PWI) and the
smaller diffusion-weighted imaging (DWI)
lesions could indicate potentially salvage-
able ischemic brain tissue in the risk of in-
farct growth [3-9]. Patients with PWI/DWI
mismatch may have higher benefit from
thrombolytic therapy beyond standard
therapeutic time window than patients
without mismatch [10-14]. However, PWI
is time-consuming and not yet standar-
dized technique and the optimal thres-
hold for the calculation of the volume of
the hypoperfused tissue at risk of infarc-
tion have not been established [14-17].
Moreover, DWI changes do not represent
only irreversible infarct lesion, but also tis-
sue with reversible energy dysfunction
[8,18,19].

The stroke severity evaluated by the
National Institutes of Health Stroke Scale
(NIHSS) was recognized as a predictor of
chronic functional outcome after ische-
mic stroke [20,21]. Baseline NIHSS corre-
lates more closely with the acute abnor-
mal PWI than DWI lesion volume [22,23].
On the basis of this assumption, Davalos
et al showed that mismatch between the
stroke severity (assessed by NIHSS) and the
DWI infarct volume predicts follow-up in-
farct expansion and early neurological de-
terioration. An NIHSS > 8 and DWI infarct
volume < 25ml was defined as a clini-
cal-diffusion mismatch (CDM) [24]. Prosser
et al found that CDM predicted PWI/DWI
mismatch with high specificity and mode-
rately-high sensitivity [25].

The aim was to compare the infarct
growth, clinical outcome and incidence of
intracerebral hemorrhage (ICH) in acute
(IS) patients with and without CDM trea-
ted with IVT within 3-hour time window.

Patients and methods

A retrospective single centre study was
used. The set consisted of 125 conse-
cutive patients (78 males, mean age
66.0 + 12.1 years) with acute hemisphe-
ric IS admitted and treated with IVT at our
stroke unit between September 2004 and
June 2008.

On admission, blood pressure was me-
asured, electrocardiogram was recorded,
and blood samples were taken. Clinical
status was evaluated using the NIHSS by
a certified neurologist. An MRI examina-
tion followed immediately in all patients.
No additional computed tomography was
performed.

The MRI was performed on a Magne-
tom Symphony 1.5-T Maestro Class (Sie-
mens, Erlangen, Germany) with quantum
gradients (syngo2004A) and a standard
head coil (CP head array coil). Protocol
contained the following sequences: 1. lo-
calizer, 2. T2-weighted turbo spin echo
(TSE), 3. fluid-attenuated inversion reco-
very (FLAIR), 4. diffusion-weighted ima-
ging (DWI), 5. 3-D time of flight magne-
tic resonance angiography (TOF MRA).
The total acquisition time (AT) was 11 min
28 s. Sequences 2-4 were applied to ac-
quire data from the same set of slices
(standard number of slices 19, slice thick-
ness 5mm, distance factor 30%). The
standard slice orientation was oblique
axial, approximately parallel to skull base
in order to minimize susceptibility arti-
facts in echo-planar imaging (EPI) sequen-
ces. The sequence parameters were as fol-
lows: T2-TSE TR/TE/ETL 4,000/99/9 ms,
FOV 230 x 173 mm, matrix 256 x 256, AT
1 min 34 s; FLAIR 8,050/112/ETL 21/2 con-
catenation, FOV 230mm, FOV phase
76.6%, matrix 256 x 151, AT 2 min 26 s.
These sequences were used to assess he-
morrhage and detect local demyelination
changes including sites of ischemic demye-
lination. The EPI-DWI sequence parame-
ters were as follows: 3,200/94/EP| factor
128/3 averages, FOV 230 x 230 mm, mat-
rix 128 x 128 with interpolation, TA 1 min
20 s. MRI data were acquired with three
diffusion weightings: b = 0, DWI b = 500,
and DWI b = 1,000. The fourth type of
image was an automatically created appa-
rent diffusion coefficient (ADC) map. DWI
traces show average local diffusivity in the
brain tissue examined when b is 500 and
1,000. This sequence was applied to as-
sess hemorrhage (b = 0: T2*-EPI, suscep-
tibility-sensitive sequence) and detect sites
of reduced diffusion (DWI, b = 500 and
1,000). The 3D-TOF MRA sequence para-
meters were as follows: 43/7.15, 3 slabs,
32 partitions/slab, slice thickness 1 mm,
FOV 200 x 150 mm, matrix 512 x 192, AT
5: 59 min. The images obtained — maxi-
mum intensity projection (MIP) and subla-

yers — would illustrate closure of the main
arterial trunk of the circle of Willis or its
branches. Infarct volumes were measured
on DWI trace images (b = 1,000) and cal-
culated as total hyperintense area in sin-
gle slices multiplied by effective slice thick-
ness [(actual slice thickness + distance
factor)/interslice gap].

All patients underwent standard IVT wi-
thin a 3-hour time window since stroke
onset according to the guidelines valid in
the years 2004-2008 [26].

Neurological deficit was evaluated using
the NIHSS after 24 and 72 hours, and the
90-day clinical outcome using modified
Rankin Scale (mRS). MRS score 0-2 was
considered as good clinical outcome. Fol-
low-up MRI was performed after 24 hours
to evaluate the infarct volume changes
and ICH occurrence. Symptomatic ICH
was defined as a parenchymal hematoma
(PH1 or PH2 type), associated with an in-
crease in > 4 points on the NIHSS score
[27].

CDM was defined as NIHSS > 8 and DWI
volume < 25ml [22]. Non-mismatch was
defined as NIHSS > 8 and DWI > 25ml. Pa-
tients with baseline NIHSS < 8 were exclu-
ded from comparison analysis because of
previously reported facts, that these pati-
ents have high frequency of spontaneous
functional recovery without cortical per-
fusion deficits [28] and post-hoc analysis
showed that almost all these patients had
baseline DWI lesion volume < 25ml [24].

According to presence/absence of CDM,
patients were divided into two groups.

SPSS software version 10.1 (SPSS Inc.,
Chicago, USA) was used for statistical ana-
lysis. Two-group comparison of demogra-
phic and baseline clinical data, 24-hour
neurological outcomes and infarct growth
was performed using Mann-Whitney test
for non-parametric values. 90-day clinical
outcomes were dichotomized (mRS 0-2 vs
3-6) and compared using Chi-square test.
Fisher’s exact test was used for comparison
of the ICH incidence. Multiple stepwise li-
near regression analysis was used to eva-
luate if the presence/absence of mismatch
and initial NIHSS may predict follow-up in-
farct growth.

Results

Out the analyzed 125, 61 (48.8%) patients
presented with CDM and 31 (24.8%) with
non-CDM. Thirty-three (26.4%) patients
(22 males, mean age 64.2 = 12.6 years)
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with baseline NIHSS < 8 points (median
NIHSS 6 pts) were excluded from analyzed
set due to reasons mentioned in Methods.

Demographic and baseline data of the
analyzed patients are showed in Table 1.
The age was not significantly different in
both groups, while the baseline NIHSS
score was significantly higher in non-CDM
group. No difference was found between
groups in the time interval from stroke
onset to MRI examination and to IVT ad-
ministration and also in number of arte-
rial occlusions detected on baseline MRA
(Table 1).

As presented in Table 2, patients with
CDM had significantly higher regression of
neurological deficit after 24 hours when
compared to non-CDM patients, while
patients without CDM had significantly
higher infarct growth after 24 hours. The
rate of arterial recanalizations was signi-
ficantly higher in non-CDM group on the
follow-up MRA after 24 hours (Table 2).

CDM patients had significantly better
90-day clinical outcome including the per-
centage of patients with good clinical out-
come (Table 2).

No significant difference was found in
the ICH occurrence after IVT, while the
incidence of symptomatic ICH was sig-
nificantly higher in non-CDM patients
(Table 2).

The 7-day mortality was significantly
higher in non-CDM group (0 vs 25.8%).

Multiple stepwise linear regression ana-
lysis showed that absence of mismatch
was associated significantly with infarct
volume increase of 27.4ml (p = 0.034) and
the increase by 1 point in baseline NIHSS
was associated with infarct volume incre-
ase of 2.9ml (p = 0.047).

Discussion

This study demostrated, that presence of
CDM before IVT was associated with bet-
ter clinical outcome after thrombolysis
when compared to the absence of CDM.
The rate of occluded arteries on baseline
MRA was simillar in both groups and the
number of arterial recanalizations on fol-
low-up MRA was even higher in patient
group without CDM.

We found that CDM was present in
48.8% of our IVT treated patients within
3 hours of symptom onset, while Lans-
berg et al found CDM in 62% of pa-
tients between 3 and 6 hours since stroke
onset in the DEFUSE trial [29]. The diffe-

Table 1. Patient demographic and baseline characteristic.

CDM non-CDM p
N 61 31
Males 32 22
Age (years, mean = SD) 67.4+12.8 65.8+12.0 0.401
Baseline NIHSS
median 11.0 17.0 < 0.0001
Time interval from stroke onset
to MRI examination (min) 130.5 + 28.5 123.4 +£24.7 0.265
Baseline DWI infarct volume (ml)
mean = SD 6.4+56 56.7 £ 26.2 < 0.0001
Arterial occlusion on baseline MRA 10 (16.4%) 9(29%) 0.157
Time interval from stroke onset
to IVT administration (min) 156.8 + 25.0 155.7 + 24.6 0.918

CDM: clinical-diffusion mismatch; DWI: diffusion-weighted images; MRA: magnetic re-
sonance angiography; NIHSS: National Institutes of Health Stroke Scale

Table 2. Patient clinical outcomes, infarct growth and incidence of ICH.

CDM non-CDM p
24-hour NIHSS regression
median 6.0 0.0 0.005
DWI infarct volume after 24 hours (ml)
mean + SD 6.2+54 58.5+24.1 < 0.0001
Infarct volume progression (ml)
mean = SD 83+213 54.7 + 66.1 < 0.0001
Arterial recanalization
on MRA after 24 hours 7 (11.5%) 9(29%) 0.036
90-day mRS
median 1.0 5.0 < 0.0001
MRS 0-2 45 (73.8%) 6 (19.4%) < 0.0001
ICH occurrence 7 (11.5%) 9(29%) 0.842
Symptomatic ICH 5(16.1%) 0.003
7-day mortality 8(25.8%) 0.0001

CDM: clinical-diffusion mismatch, DWI: diffusion-weighted images, ICH: intracerebral
hemorrhage, MRA: magnetic resonance angiography, mRS: modified Rankin Scale,
NIHSS: National Institutes of Health Stroke Scale

rent number of CDM patients in presented
study might be caused by a lower number
of presented occluded arteries of Willis cir-
cle on baseline MRA (20.7%) when com-
pared to the DEFUSE trial (66%) [29]. Dif-
ferent time interval between stroke onset
to MRI could also play some role. Davélos
et al [24] found CDM in 52% of patients
examined within 12 hours since stroke
onset and Prosser et al [25] found CDM
in 42% of acute IS patients examined wi-
thin 24 hours.

Our results showed that the CDM ab-
sence before IVT was associated with fol-
low-up infarct growth and poor outcome
after thrombolysis. On the contrary, Lans-
berg et al found no association between
the CDM and the favorable clinical re-
sponse after IVT performed between
3 and 6 hours since stroke onset [29].
However in our study, patients treated wi-
thin 3 hours only were analyzed and dif-
ferent parameters of clinical response
after reperfusion therapy were defined
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when compared to the study by Lansberg
et al: 1. change in NIHSS after 24 hours
(in the DEFUSE study favorable clinical re-
sponse was defined as an improvement >
8 points or more in NIHSS between base-
line and 30 days), 2. good clinical outcome
after 90 days was defined as a score 0-2 in
mRS (in the DEFUSE study mRS score as an
0-1 at 30 days after stroke onset), 3. in-
farct growth and 4. incidence of sICH [30].

Although the PWI/DWI mismatch is
largely used in stroke studies and clini-
cal routine, this concept is still conside-
red controversial. Several different definiti-
ons of PWI/DWI mismatch are established
[3-6,31] and the limitation of accuracy
of PWI technique is still being discus-
sed [32]. Prosser et al compared directly
CDM and PWI/DWI mismatch in acute IS
patients and found statistically significant
agreement between CDM and PWI/DWI
mismatch with very high specificity and
positive predictive value [25]. On the con-
trary, Lansberg et al showed no agree-
ment between both concepts in patients
treated with IVT between 3 and 6 hours
after stroke onset [29]. The recent report
of Ebinger et al showed no increased be-
nefit from IVT in patients with CDM trea-
ted between 3 and 6 hours and similar ef-
fects of reperfusion in patients with and
without CDM [33].

Mismatch between the clinical deficit
and the computed tomography (CT) fin-
dings has been suggested as a possible
alternative approach [34,35]. Kent et al
have recently found that clinical-CT mis-
match using the Alberta Stroke Program
Early CT-Score (ASPECTS) does not reliably
identify patients more or less likely bene-
fit from IVT [36]. Also Messé et al showed
that mismatch between the ischemic
changes on head CT (ASPECTS score) and
clinical examination findings did not corre-
late with the MRI PWI/DWI mismatch [37].

The higher occurrence of ICH in pre-
sented non-CDM patients may be attribu-
ted to the fact that initial infarct volume is
considered to be an independent predic-
tor of subsequent spontaneous infarct he-
morrhagic transformation and also for ICH
growth after thrombolysis [38].

The fact, that severe strokes and higher
initial infarct volume did not correlate with
number of arterial occlusions on baseline
MRA in presented study (no difference
in number of occluded arteries between
groups), may document an important

role of the actual state of collateral flow.
The state of pretreatment collateral flow
is considered as a predictor of infarct vo-
lume after thrombolysis [39,40] and may
protect brain tissue reducing the volume
and intensity of hypoperfusion [41].

The achieved higher recanalization rate
in non-CDM patients after IVT could be
explained by different etiology of arterial
occlusion in presented study (e.g. fresh
cardiac embolus versus atherothrombo-
tic occlusion). This explanation may sup-
port also the fact, that strokes caused by
cardiac embolisation (atrial fibrillation)
have more severe initial neurological defi-
cits and poorer clinical outcomes after IVT
[42].

Our study was retrospectively based in
a selected patient population from a sin-
gle center. Patients with CDM had signifi-
cantly lower baseline NIHSS than patients
without CDM. This baseline NIHSS score
indifference is partially caused by the ini-
tial infarct volume and by its cut-off value
of CDM (25 ml).

All patients with initial NIHSS < 8 were
excluded from the analysis because of
known high spontaneous recovery rate,
although the presence of possible cortical
perfusion deficit on PWI in these patients
was not evaluated [28].

The quantification of infarct volume was
performed manually, because no semiau-
tomatic quantification software was avai-
lable. Therefore the quantification could
have been affected by subjective opera-
tor error. The T2* (susceptibility) sequence
used in this study was the sequence au-
tomatically generated from EPI-DWI soft-
ware available in MRI machine used (Sie-
mens Symphony). Although this sequence
(in b-0 images) had only some susceptibi-
lity effect, and it had limited spatial reso-
lution (128 x 128 matrix), it was used to
reduce the time duration of proper exami-
nation. The acute stroke patients are usu-
ally clinically unstable and MRI examina-
tion could be affected by the movement
artifacts when T2* sequence with maxi-
mum possible susceptibility effect is used.
According to author’s opinion, the safe
detection of intracranial hemorrhage (in-
cluding hemorrhagic transformation of in-
farction) is possible using the combination
of EPI-DWI (b-0) and other sequences of
the protocol (T2 and FLAIR).

Although the score 0-1 of modified
Rankin Scale is widely used as an interval

for classification of good clinical outcome
after thrombolysis, we used the score
0-2 according to register SITS-MOST [43].

Conclusion

Presented results showed that patients
presenting with CDM before thromboly-
sis had better clinical outcome than those
without CDM. This may support the con-
cept that the presence/absence of CDM
may contribute to predict the clinical re-
sponse to intravenous thrombolysis. Ne-
vertheless a large prospective trial with
randomized selection between the CDM
and the PWI/DWI mismatch would be nee-
ded to determine the optimized mismatch
criteria.
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