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. Introduction

Total mismatch is a recently described magnetic resonance
maging (MRI) pattern in acute stroke patients with no signal
hanges in diffusion weighted images (DWI) and extensive hypop-
rfusion on perfusion weighted images (PWI). The prognostic value
nd importance for treatment decision based on this finding in
RI  have recently been controversially discussed in patients with
inor stroke [1,2]. Here we report a case of a 98-year-old woman

hat presented with severe stroke and total mismatch in the left
iddle cerebral artery (MCA) territory in MRI  scan and an occlu-

ion of the proximal MCA  (M1) in time-of flight MR  angiography
TOF-MRA). The patient was treated with systemic thrombolysis
ollowed by complete remission of neurological symptoms and
emaining negative DWI  in post treatment MRI. We  discuss the
ossible pathophysiological background of this phenomena and its

mpact on tailoring therapeutic strategies in patients with relative
ontraindications to thrombolytic therapy.
∗ Corresponding author at: Center of Stroke Research Berlin, Charite Universi-
aetsmedizin Berlin, Hindenburgdamm 30, 12200 Berlin, Germany.
el.: +49 30 8445 4102.

E-mail address: lars.neeb@charite.de (L. Neeb).
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2. Case report

A 98-year-old woman was  admitted to our hospital 50 min
after sudden onset of global aphasia and right-sided sensomo-
toric hemisyndrome (National Institutes of Health Stroke Scale
(NIHSS) = 13; modified Rankin Scale (mRS) before incident = 0).
63 min  after symptom onset a 3 T MRI  was  performed. Despite the
serious neurological deficit, DWI  images showed no restrictions.
However, PWI  displayed an extensive hypoperfusion in the left
middle cerebral artery territory with corresponding M1 occlusion
in the TOF-MRA (Fig. 1A).

Acute intracranial haemorrhage or microbleeds could be
excluded in T2*. Despite the great age of 98 years a systemic throm-
bolysis as an individual treatment attempt was performed due to
the severe neurological deficit and pre-stroke mRS  of 0 in combina-
tion with a total mismatch and M1-occlusion in MRI  and MRA. After
exclusion of other contraindications recombinant tissue plasmino-
gen activator (rt-PA) was administered with a dose of 0.9 mg/kg
intravenously 85 min  after stoke onset. Concurrent lessening of
neurological symptoms could be observed. During thrombolysis
a transcranial duplex examination was  performed which yielded
a recanalization of left M1.  2 h after therapy onset neurological

symptoms were completely resolved (NIHSS = 0). An additional MRI
scan at that time still showed no restrictions on DWI  images, but
a clear decline of perfusion deficits with small persistent hypoper-
fusion in the left central MCA  territory. MRA  showed a complete

dx.doi.org/10.1016/j.clineuro.2012.07.018
http://www.sciencedirect.com/science/journal/03038467
http://www.elsevier.com/locate/clineuro
mailto:lars.neeb@charite.de
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ig. 1. (A) Baseline MRI (DWI, MTT, TOF-MRA) showing left MCA  M1 occlusion and
herapy (DWI, PWI-MTT, TOF-MRA) reveals recanalization of left MCA  M1  with nea

ecanalization of M1  (Fig. 1B). No signs of haemorrhagic transfor-
ation were noted on T2* images.
Despite the good neurological outcome the patient suffered a

eart attack and had to be resuscitated one day later. The patient
as transferred to the intensive care unit and died 12 days later
ue to cardiac failure. Hence no further follow up MRI  could be
erformed.

. Discussion

We report a case of a 98-year-old woman with a severe stroke
nd total mismatch in MRI  (no signal changes in DWI  but exten-
ive PWI  deficit of nearly the whole left MCA-territory) who was
reated with systemic thrombolytic therapy. Follow-up MRI  2 h
fter thrombolytic therapy (3 and a half hours after symptom onset)
evealed persistent negative DWI  but diminishing hypoperfusion
nd consecutive recanalization of preceding MCA  occlusion. Corre-
pondingly all neurological symptoms had resolved at that time.

DWI is a sensitive and early marker of cytotoxic edema in
erebral ischaemia. Negative DWI  is mostly found in brain stem
nfarction or lacunar syndromes in patients with mild stroke symp-
oms [3]. Territorial stroke caused by occlusion of M1  with severe
eurological deficits and initial negative DWI  is rare. According to
he severe neurological symptoms, M1 occlusion and extensive per-
usion deficit in the presented case we would have expected a signal
hange in DWI  50 min  after stroke onset.

Recently three patients with fluctuating symptoms (varying
IHSS from 0 to 10) and a total mismatch in MRI  who had a

avourable outcome after intravenous thrombolytic therapy were
eported. The authors concluded that PWI  can facilitate treatment

ecisions in unstable cases with negative DWI.

They hypothesized that negative DWI  in these patients could be
xplained through a moderate hypoperfusion not severe enough to
roduce a diffusion lesion [2]. At least two of the reported patients
nsive perfusion deficit with negative DWI. (B) MRI  2 h after systemic thrombolytic
mplete reperfusion and still no signal changes in DWI.

showed an extensive hypoperfusion in more than 2/3 of the MCA
territory, which does not necessarily correspond to a moderate
hypoperfusion. Unfortunately the authors did only state that time
between symptom onset and MRI  was  less than 6 h and did not give
the exact time. Total mismatch could be explained by a reduction
in cortical blood flow that is caused in our case by MCA-occlusion
and possibly in part compensated by increase of collateral blood
flow. The reduction of cortical blood flow could be severe enough
to reach the threshold for causing neural dysfunction and signal
changes in PWI  but too slight to cause major energy failure with
consequent DWI  changes especially in sequences obtained close
by symptom onset.

Another case series reported four patients with minor stroke,
middle cerebral artery occlusion and total mismatch who  had
a spontaneous recovery of ischaemic symptoms without throm-
bolytic therapy. Follow-up imaging 96 h later revealed new lesions
in DWI  and recanalization in all patients. In contrary to Cho et al.
the authors assumed that total mismatch represents a surrogate
marker for favourable outcome without the necessity of throm-
bolytic therapy [1].

Although unproven, it is widely assumed that the area of
PWI–DWI mismatch, characterized by a larger region of hypop-
erfusion than the region of diffusion abnormality, represents, at
least in part, remaining salvageable tissue (the so called penum-
bra) that could be saved by recanalizing therapy. The mismatch
concept might help for selection of patients for delayed treatment
who  may  benefit from thrombolytic therapy beyond 3 or 4.5 h.

As unthresholded visual PWI/DWI mismatch overestimates tis-
sue at risk, it is a major challenge to define which single or combined
perfusion parameter threshold allows best to distinguish between

benign oligemia and penumbra to give a reliable estimate of tis-
sue fate. Using the perfusion parameter Tmax, a threshold between
4 and 6 s appeared in a retrospective analysis optimal for early
identification of critically hypoperfused tissue [4]. Fig. 2 shows the
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ig. 2. Illustration of PWI  deficits according to initial Tmax maps obtained 63 min  afte
he  respective images. The amount of critical hypoperfused tissue decreases with p

max perfusion maps of the presented patient with still extended
WI  deficits at Tmax thresholds between 4 and 6 s emphasizing the
rgency of recanalizing therapy.

Based on the presented data by Kim et al. [1] it is not possi-
le to conclude that the reported four patients would have had a
avourable outcome in case of no recanalization. Due to the low
umber of patients it remains unclear if spontaneous recanaliza-
ion is associated with total mismatch or occurred incidentally in
hese four cases.

As chances of recanalization are improved through treatment
ith rt-PA the clinical course of these patients argues rather for an

arly thrombolytic therapy in patients with total mismatch with
 high fraction of tissue at risk and clinical symptoms of (minor)
troke. Not treating these patients with a dramatic perfusion defect
nd verified vessel occlusion would leave them at risk for perma-
ent severe neurological deficits. The good neurological outcome

n the presented patient with a short delay from symptom onset to
reatment underlines the importance of rapid procedures in acute
troke patients.

As prevailing license criteria for thrombolytic therapy with rt-
A are restricted to patients under the age of 80 the advanced
ge of the presented patient could have argued against throm-
olytic therapy. Until recently no randomized controlled trial
ssessed the benefit/risk ratio for thrombolytic therapy in stroke
atients at a great age. However, the just published IST-3 trial
ould show that treatment with rt-PA within 6 h after stroke
nset also improves functional outcome in elderly patients and
ay  extent the use of thrombolytic therapy in this population

5].
Our case shows that total mismatch might also be a positive

redictor for successful thrombolysis in patients who are more
everely affected than reported before (NIHSS 13). Unfortunately
he patient suffered of cardiac complications that were most likely

ot associated with stroke treatment, which made additional
valuation of her further neurological and functional outcome
mpossible. It cannot be excluded that the myocardial infarc-
ion was a consequence of a detached pre-existing intracardiac

[

ke onset. Different Tmax delays (>2 s, >4 s, >6 s, >8 s) were generated by thresholding
ed delay but is still present even at a threshold >8 s.

thrombus or a prothrombotic state following rt-PA treatment.
However, in contrast to rt-PA treated coronary patients the use
of antiplatelet strategies or anticoagulation as adjunctive therapy
should be avoided in rt-PA treated stroke patients during the
first 24 h after thrombolysis due to the extra risk of intracerebral
haemorrhage.

4. Conclusion

Total DWI–PWI mismatch is an interesting imaging phe-
nomenon, whose impact and underlying pathophysiology are not
completely understood. The finding of total mismatch in MRI  might
help planning therapeutic strategies especially in patients with rel-
ative contraindication to thrombolysis such as high age as in the
presented case.

Acknowledgment

The authors would like to thank Ivana Galinovic for helping to
create the perfusion maps.

References

1] Kim JT, Park MS,  Kim MK,  Cho KH. Minor stroke with total mismatch after acute
MCA  occlusion. Journal of Neuroimaging: Official Journal of the American Society
of  Neuroimaging 2011;21:399–402.

2] Cho TH, Hermier M,  Alawneh JA, Ritzenthaler T, Desestret V, Ostergaard L,
et  al. Total mismatch: negative diffusion-weighted imaging but extensive per-
fusion defect in acute stroke. Stroke; A Journal of Cerebral Circulation 2009;40:
3400–2.

3]  Sylaja PN, Coutts SB, Krol A, Hill MD,  Demchuk AM.  When to expect negative
diffusion-weighted images in stroke and transient ischemic attack. Stroke; A
Journal of Cerebral Circulation 2008;39:1898–900.

4] Olivot JM,  Mlynash M,  Thijs VN, Kemp S, Lansberg MG,  Wechsler L, et al. Optimal
Tmax threshold for predicting penumbral tissue in acute stroke. Stroke; A Journal
of  Cerebral Circulation 2009;40:469–75.
5] IST-3 Collaborative Group, Sandercock P, Wardlaw JM,  Lindley RI, Dennis M,
Cohen G, et al. The benefits and harms of intravenous thrombolysis with recom-
binant tissue plasminogen activator within 6 h of acute ischaemic stroke (the
third international stroke trial [IST-3]): a randomised controlled trial. Lancet
2012;379:2352–63.


	Thrombolytic therapy in total mismatch with severe stroke after acute MCA-occlusion and negative DWI
	1 Introduction
	2 Case report
	3 Discussion
	4 Conclusion
	Acknowledgment
	References


