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Abstract

Purpose: The mismatch concept in stroke magnetic resonance (MR) is based on the assumption that diffusion weighted
imaging (DWI1) indicates infarct core representing irreversibly damaged tissue. However, this thesis has not been proven
yet in a large patient cohort. On the other hand, some publications report cases with possible remission of lesions at DWI.
Thus, the aim of this study was to analyze temporal evolution of restricted diffusion at follow up MR imaging and analyze
clinical and imaging features of cases with remission of DWI lesions.

Methods and Materials: 176 consecutive stroke patients (within 12 months) demonstrating restricted diffusion at initial
MR examination were evaluated. Extension of diffusion restriction was judged both on initial MR as well as on follow-up
after 24 hours. Changes in lesion extension were assessed by two experienced neuroradiologists in consensus.

Results: Extension of lesions with restricted diffusion at follow up MR was identical to the initial scan in 104/176 patients
(59.1%) and increased in 66/176 (37.5%). The lesion size was decreased (meaning partial remission of the lesion) in 6/176
(3.4%); none of the lesions showed complete remission. All six patients with partial remission of DWI lesions underwent
early i.v. thrombolysis and demonstrated excellent clinical outcome. In one case out of the six cases with remission of
DWI lesions, the DWI lesions demonstrated a re-increase in size after the first follow up examination, seen at late
follow-up.

Conclusion: Our findings prove the existing assumption that diffusion restriction represents the infarct core, which may
remain unchanged or increase in volume over time, indicating an accuracy of almost 97%. Partial resolution of DWI
lesions is extremely rare and usually associated with early i.v. thrombolysis and favourable clinical outcome.
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1 Introduction

In the state-of-the-art management of stroke patients, magnetic resonance imaging (MRI) including diffusion-weighted
imaging (DWI) is considered to be the clearly superior imaging modality for the early diagnosis of ischemic brain
infarction. Furthermore, stroke-MR serves as a basis for therapy decision and management. The role of diffusion weighted
MR imaging has been underlined by numerous papers, recently by Lovblad et al. 2009 11,
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The underlying assumption for clinical stroke management is that DWI lesions represent the final infarct core (meaning
unsalvageable brain tissue), whereas the perfusion-weighted imaging lesion — exceeding the area of the DWI lesion —
defines the penumbra (potentially salvageable brain tissue) . For clinical practice, this assumption has proven useful
since in earlier studies, DWI lesions showed good correlation with final infarct core size seen on CT or T2w MR images ™.
However, several exceptions to this pattern were described over the last years, where reversal of DWI lesions has been
found to a certain degree and under certain conditions. In this context, possible reversal of DWI lesions has been shown in
cases of early vessel recanalization and the possibility of reversal of DWI lesions has been correlated with the degree of
ADC signal drop. However, one paper ! supported the theory that even DWI lesions with severe ADC decrease do not
definitely predict irreversible tissue damage. Taken together however, the mentioned literature about possible reversal of
DWI lesions is limited and few data are available about the short term course of diffusion lesions, particularly within the
first days after stroke onset with multiple MR follow up examinations. In addition there is no data about the course of
diffusion lesion in a larger subsequent patient cohort. To our knowledge, only one paper investigated course of DWI
lesions with short and longer term follow up to date .

Thus, the aim of this paper was to assess the temporal evolution of DWI lesions at short term follow up to evaluate the
accuracy of DWI to be indeed a marker of non salvageable brain tissue. In addition, correlation to final infarct core size in
the chronic stage after brain infarction was performed. Furthermore, cases with remission of diffusion lesions were
analysed in terms of their clinical and imaging features.

2 Materials and methods

2.1 Study design and inclusion criteria

A prospective study over a 12 months period was set up. Within this time interval, all patients with suspicion of acute
stroke, referred to acute stroke MR imaging were analyzed. Patients who were shown to have ischemic lesions using DWI
at the initial acute stroke MR examination and were established final diagnosis of ischemic brain infarction with further
clinical and neurological workup were included.

Exclusion criteria were patients with unsure or absent DWI lesions and patients with imaging or clinical diagnosis of any
other cerebral pathology. Patients with missing follow-up MRI on the first day after stroke onset or inadequate image
quality were excluded also.

After initial MR, all patients included into the study were referred for MRI follow up at the following day. This study was
performed within a time interval from 16 hours to 40 hours after the initial examination. For a subset of patients, late
follow up examinations were available (CT and/or MRI) — this was available according to the clinical need.

2.2 Data acquisition
All MR examinations were performed on a 1.5 T MR unit (Magnetom Avanto / Magnetom Symphony, Siemens Medical
Solutions, Germany) with a standard head and neck coil.

The MR protocol for initial (day 0) acute stroke MR and day 1-follow ups included: DWI, FLAIR, T2 -GRE, 3D-TOF,
PWI and T1w-SE post contrast agent. Day 0 examinations additionally included contrast enhanced MR-angiography of
the neck vessels.

DWI was performed as a single shot EPI sequence with whole brain coverage using a slice thickness of 6 mm and a pixel
size 1.1 mm x 1.1 mm, TR 4300 ms, TE 107 ms, time of acquisition was one minute and six seconds.
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MR protocol for later follow up examinations included: DWI, FLAIR, T1w-SE, T2w-TSE, T2"-GRE, post contrast
material T1w-SE and a 3D T1w-GRE-dataset.

2.3 Data analysis
All imaging studies were read by two experienced neuroradiologists (FAF, DF) in consensus.

DWI lesions were assessed visually, thereby all lesions with notably increased signal on b = 1,000 (mm/s?) signal and
consecutive signal loss on the ADC maps were called positive.

Visual evaluation of DWI lesions was performed in day 0 and day 1 examinations regarding volume of lesions. Lesions
were classified according to progression, no change, partial remission and complete remission at day 1 (4-tier scale). DWI
lesions were correlated visually with chronic infarct size on late (later than day 1) follow- up examinations (MRI and CT),
where available. In cases with remission of DWI lesions, clinical data and clinical course were analyzed.

3 Results

Within the study period, a total of 450 patients with acute stroke symptoms were examined with our MR stroke protocol on
day 0 and day 1. From this population, 176 patients remained meeting the inclusion criteria and were included into the
study. The DWI lesions seen in these patients were lacunar infarction (n = 65), partial territorial ischaemia (n = 102) and
territorial ischaemia (n = 9).

In all patients, day 1 follow ups of adequate quality were available (time range 16 hours to 40 hours after initial MRI).
Treatment after diagnosis was i.v. thrombolysis in the majority of patients (n = 144), and conservative treatment in 32
patients.

Concerning the temporal course of DWI lesions, complete remission of DWI lesions was not seen in any patient. Six
patients (3.4%) demonstrated partial remission of the initial DWI lesion, their clinical and imaging features are
summarized in the table. 104 lesions were stable at follow up (59.1%), and 66 lesions (37.5%) showed progression to a
variable degree.

All six patients with partial remission of DWI lesions were patients with partial territorial infarction. In addition, the extent
of the DWI lesions was correlated with the perfusion lesions in these patients. All DWI lesions were covered to an extent
greater than 50% by the PWI lesions.

DAY 0

Figure 1. A fifty-nine years old male patient,
presenting with acute left side hemiparesis

First row: Initial (day 0) MRI: a. DWI b-value, b.
DWI ADC, c. FLAIR. DWI (a, b) demonstrates a
lesion with restricted diffusion at the level of the
corona radiata on the right side with FLAIR (c) being
negative for a demarcated lesion.

Second row: MRI day 1: d. DWI b-value, e. DWI
ADC, f. FLAIR. There is significant remission of the
size of the DWI lesion. FLAIR demonstrates only a
faintly demarcated lesion in correlation with dayl DWI
lesion size.
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Furthermore, all six patients underwent early i.v. thrombolysis within four hours after onset of the symptoms and all
patients demonstrated favourable clinical outcome (see Table). Three of six patients had late follow up examinations (MRI
n=2,CT n=1; seven days, 37 days and three months after initial examination). In two out of three patients, the size of the
day 1 DWI lesion was confirmed at late follow-up (see Figure 1 and Figure 2).

Table. Clinical characteristics of patients with (partial) remission of DWI lesions

Patient Onset to needle NIH day 0 N.IH at Vessel O.CCIL.JSion/ PWI lesion/mismatch
discharge recanalization

1 1:35 4 0 Yeslyes Yeslyes

2 2:15 9 0 No Yes/no

3 2:25 6 0 No Yeslyes

4 2:50 8 0 No Yes/no

5 3:38 5 0 No Yeslyes

6 2:00 10 0 No Yeslyes

Note. Onset to needle: Time interval between onset of symptoms and beginning of i.v. thrombolysis (hours:minutes);
NIH day O resp. at charge: NIH score initial and at discharge;

Vessel occlusion/recanalization: Presence of vessel occlusion at TOF-Angiography at initial MRI and at day 1 follow up;
PWI lesion/mismatch: Presence of a PWI lesion and of a mismatch > 20% at initial MRI.

Figure 2. A sixty-three years old male patient,
presenting with left sided hemiparesis and facial

palsy

First row: Initial (day 0) MRI: a. DWI b-value, b. DWI
ADC, c. FLAIR. DWI (a, b) demonstrates a lesion with
restricted diffusion located in the right MCA territory.
Note. a pre-existing PMID (presumed microvascular
disease) lesion (chronic infarction) (arrow head) is shown
in FLAIR (c) adjacent to the diffusion lesion, however
that is not connected in any way with the acute stroke.

Second row: MRI day 1: d. DWI b-value, e. DWI ADC,

f. FLAIR. 27 h after initial MRI. The patient underwent
i.v. thrombolysis 200 minutes after stroke onset.

Significant remission of the size of the lesions at DWI is
shown, FLAIR is negative for demarcated ischemia.

In one patient, the final infarct size was smaller than the day 0 lesions, but somewhat larger than the day 1 lesions —
meaning a slight re-growth of the lesion after the initial remission (see Figure 3).

4 Discussion

Unquestionably, stroke MR has evolved as the superior imaging modality for the workup of patients with suspected stroke,
providing thereby the necessary information for treatment decision and patient management. This however, is based on the
assumption that the volume of the DWI lesion at initial MRI truly represents unsalvageable brain tissue and that the PWI
lesion demonstrates the potentially salvageable penumbra. Despite the fact that this assumption is supported largely by
clinical evidence, there have been several publications within the last decade concerning possible reversal of DWI lesions
under certain conditions *®1. However, the existing papers are very heterogeneous, particularly in clinical characteristics
of patients and follow up settings. Taken together, the data on frequency and features of cases with remission of DWI
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lesions is unsatisfactory. Nevertheless, there is now an unsatisfying uncertainty among physicians in stroke therapy,
whether DWI truly represents infarct core.

Day 0, DWI

Figure 3. A seventy-three years old female
patient presenting with right-sided hemiparesis
of the lower limb.

First row: DWI (b-value) at the initial MRI (day 0)
demonstrates a lesion with restricted diffusion in the
MCA territory at the left side.

Second row: DWI (b-value) at day 1 follow-up MRI
demonstrates a DWI lesion which is clearly smaller
than the lesion seen at initial MRI.

Third row: FLAIR imaging 37 days after stroke Day 37, FLAIR
onset demonstrates a post-ischemic lesion that is : s
smaller than the DWI lesion at day0 but somewhat
larger than day 1.

& A Al ".i':h ’ ) o«
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DWI lesion — meaning a slight re-growth of uuv
infarction core between day 1 and late follow up.

With regard to this situation, the aims of the present study were as follows:

e  First, to evaluate if DWI is a reliable marker for non salvageable brain tissue (proven by follow-up studies).

e Second, to assess the course of diffusion lesions at short term follow up and correlate size of DWI lesions with
final infarct size.

e Third, to analyse patients with reversal of DWI lesions in regard to clinical data.

In this patient series, partial reversal of DWI lesions was seen in 3.4 % only; complete remission was not seen in any case.
The remaining 96.6% of lesions demonstrated either stability or further growth at follow up. This data demonstrate that
DWI can be regarded as a reliable marker for infarct core in the vast majority of cases and that reversal of DWI lesions is
a very rare event.

Only a small number of papers in the literature evaluated the rate of patients with DWI remission in a cohort of stroke
patients. To our knowledge, only one group performed a similar study setting to ours !: In a series of 15 stroke patients,
four demonstrated partial reversal of DWI lesions. Since this is equivalent to 26.7%, reversal to DWI lesions was seen
significantly more often by this group than in our series. Only one of the patients reported showed a minimal secondary
increase of the size of the DWI Lesions on a day 7 follow up.

Olivot et al. ® ® investigated 32 acute stroke patients that received early i.v. thrombolysis in a study with follow up
imaging three hours to 6 hours after thrombolysis and after 30 days. The authors reported an overall median volume
decrease of DWI lesions of 43%, however, no absolute numbers of patients with DWI reversal are given in this paper.

In summary, the literature is particularly heterogeneous in regard to the time point of the performed follow up
examinations. Olivot et al. ® ¢ who performed a very early MRI follow up after treatment found a more frequent DWI
reversal than papers with follow ups on the next day, as in our case. Since very little is known about the precise temporal
evolution of DWI lesions in hours after stroke onset, the time point of follow up may here have a certain effect on the size
of DWI lesion found at a given time point.
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Characteristics of our patient series was a very short median time interval between onset of the symptoms and the
beginning of the MRI study and a very high proportion of patients receiving i.v. thrombolysis (n = 144 vs. conservative
treatment in 32 cases.)

In one of six patients with partial remission of the DWI lesion, a secondary re-increase in size of the lesion was seen
between day1 follow up and a late follow up on day 37. This phenomenon has already been described in the literature in a
series by Kidwell ™ et al. who described seven cases with remission of DWI lesions of which showed a secondary
re-increase in size between a day 1 and day 7 MRI study. However, the observed patient cohort was different from ours; all
patients had initial large artery occlusion and achievement of vessel recanalization during therapy . In a series by Fiehler
et al. P!, secondary re-increase of the DWI lesion was observed in one patient.

There were very similar clinical characteristics of the six patients with partial remission of the DWI lesions: All six
patients had partial territorial infarction and received early i.v. thrombolysis within four hours after onset of the symptoms;
In addition, all patients achieved excellent clinical outcome with either complete or nearly complete remission of the
clinical symptoms (see Table). This is in good correlation with other findings that supported the assumption that very early
vessel recanalization is crucial for favourable patient outcome [,

Two papers > % investigated whether presence and patterns of coexisting PW!I lesions affect the probability of DWI lesions
reversal. They concluded that DWI lesions with absent coexisting PWI lesions and DWI lesion with an extent greater than
50% not covered by a PWI lesion would have a higher probability for reversal. In our patients with DWI reversal, all
patients had coexisting PWI lesions and all DWI lesions were covered to an extent greater than 50% by the PWI lesion —so
we could not support these findings in our data.

Other groups demonstrated a correlation between severity of ADC decrease and probability of DWI reversal suggesting
that DWI lesions with higher ADC values are more likely to reverse . However, one paper ! found that even lesions
with severe ADC decrease do not necessarily represent unsalvageable brain tissue. Quantitative evaluation of ADC values
was not performed in our study to date.

Our study had following limitations: Firstly, correlative ADC measurements were not taken into account given the
evidence that severity of lesions ADC value decrease may influence probability of DWI lesion reversal. Secondly,
evaluation of DWI maps was performed only visually on 2D maps with no quantitative threshold and no volumetric data.
However, our study design represents clinical routine and we believe visual assessment does not compromise the results
presented here. Thirdly, in three patients a long term follow up was not availabe, so correlation with final infarct sizes
could not be assessed in these patients. The precise clinical correlation of imaging findings and long term clinical patient
outcome was not aim of this work and will be addressed in a distinct paper.

In conclusion, our data demonstrate that reversal of DWI lesions is a very rare event and that DWI can be regarded a
clinically reliable marker for non-salvageable brain tissue.
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