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Susceptibility weighted imaging in acute stroke with co-morbids: Magnetic1
resonance imaging protocol revisited2

3

Abstract4

Introduction:5

We aim to investigate ischemic penumbra using Diffusion weighted imaging- Susceptibility weighted imaging6
mismatch using DWI Alberta Stroke Program Early Computed tomography Stroke Score scoring in patients with7
multiple co morbid.8

Methods:9

From January 2011 to December, 2017; 70 consecutive patients (50 men, 20 women; mean age 64.5; range 45-8210
years) with acute infarct on Diffusion weighted imaging (DWI) were selected for the study. Stroke protocol11
performed including DWI and susceptibility weighted imaging (SWI) on first day and repeat within three days. All12
initial MR images were interpreted by one Neuroradiologist with more than ten years blind to the clinical findings of13
each patient. The definition of an acute infarct area was high signal intensity on DWI with dark signal intensity on14
Apparent diffusion weighted imaging (ADC). The infarct extent was scored using the Alberta Stroke Program Early15
CT Score (ASPECTS) system. Infarct growth was defined as any new or larger lesion on the second DWI.16

For correlation with infarct growth, the same topographic system was used to record the extent of the Prominent17
vessel sign(PVS) on SWI.18

Spearman’s rank correlation test was used to examine the correlations between PVS score and infarct growth score.19
Regression was computed, with P<0.05 considered significant.20

Results:21

The study included 12 women and 10 men, (mean age 67.1 years).22

MRI images were initially acquired as stroke protocol (mean 12 hours) in acute stage and the23
next MRI was done within 3 days after the acute stage.24

9 patients had right sided and 13 patients had left sided MCA territory infarct, the mean DWI-25
ASPECTS score was 4.3 (range 0–9). PVS was detected in 15 patients (mean score 4.1, range26
0–10).27

Out of 22 patients 9 patients showed no evolution in infarct however in 13 patients evolution was28
from (ASPECTS mean score 3.95, range 0–9; mean infarct growth score 7.4, range 0–10).29

7 patients devoid of PVS in initial MRI, did not exhibited evolution of infarction. Of 15 patients30
with PVS on initial MRI, 13 (87%) had infarct growth. Correlation between the evolution in31
infarct size and PVS score was observed (r = 0.86,P<0.001).32
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Conclusion:33

PVS seen in infarcted territory is related to poor prognosis and this can be reliably used as a surrogate marker of34
oxygen extraction in penumbra.35

SWI can predict tissue at risk and can be a replacement for perfusion scan in clinical scenerio of acute ischaemic36
infarct.37

Keywords stroke, magnetic resonance imaging, diffusion magnetic resonance imaging38

39

Introduction40

The estimated annual incidence of stroke in Pakistan is 250/100,000 population which is41
projected to an estimate of 350,000 new cases each year [1].42

In another developing neighbor country like India stroke prevalence is (479.86–617.05) per43
100,000 population with deaths occurring within 30 days ranging between (30.66–53.80)[31].44

The role of imaging in triage for of acute stroke is to rule out haemorrhage or ischemic infarction45
and selection of ischaemic stroke patients for available reperfusion therapies [2].46

Choice of imaging modality for a stroke should allow patients to be selected for thrombolytic47
therapy for safety and efficacy.48

3 hour window for IV-TPA (tissue plasminogen activator) administration in non-hemorrhagic49
stroke is the protocol described by 1995 National Institute of Neurological Disorders and Stroke50
(NINDS) trial, for non-hemorrhagic strokes [3].51

However, infarct core and penumbra is desired for selection of reperfusion options as well as to52
prognosticate [4].Options for penumbra detection currently used and have several controversies53
are CT or MR with perfusion. These were particularly advised when mechanical thrombectomy54
is the plan [5].55

Response to thrombolysis after early reperfusion is favorably predicted by PWI and DWI56
mismatch, and can be used as a substitute for ischemic penumbra [6] but estimation of infarct57
growth or clinical outcome is debatable and has been questioned [7].58

Additionally, there are limitations to the use of perfusion studies in patients with renal59
insufficiency because contrast is used.60
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Potential alternative for prediction of growth in infarct is Susceptibility-weighted imaging (SWI).61
In brain ischemia, the augmented oxygen extraction fraction and limited flow contribute to62
higher levels of deoxyhemoglobin and vein dilatation, causing greater vascular conspicuity on63
SWI [8].64

Kaya et al. [8] recognized multiple hypointense vessels noticeably during hyperacute phase of65
stroke in the ischemic territory on gradient T2* [9] but Haacke et al [10] worked on high66
resolution 1.5 T system for SWI, it enriched the susceptibility effect more than the T2*. The area67
was bigger than depicted on DWI and related well with the absolute infarct after 72 hours.68

Divergence between SWI/DWI has also been suggested as a prospective indicator of infarct69
growth in some reports [11]70

Using a similar approach, we aim to investigate pneumbra mainly DWI- SWI mismatch using71
ASPECT scoring. To our knowledge no such study has been conducted so far on national level.72

Materials & Methods73

74

Study Location: Department of imaging, Aga Khan University hospital, Karachi,75
Pakistan.76

77

Study Design:78

Our institutional data base was used retrospectively to collect the cases and then those cases were79
prospectively evaluated as a hypothesis-driven scientific study. Study design was Cross-sectional80
analytical from January 2011 to December, 2017. The assessment was directed in accordance81
with guidelines of the research committee of our institution.82

Inclusion criteria: Imaging with stroke protocol on first day including DWI and SWI sequences.83
Acute infarct on DWI in MCA territory and repeat DWI within three days. Exclusion criteria:84
Tissue plasminogen activator (TPA) given, Hemorrhagic infarction on initial presentation or85
Watershed infarcts/Posterior circulation infarcts.86

Patient: 70 consecutive patients were extracted from the hospital data base (50 men, 20 women;87
mean age 64.5; range 45-82 years) 22 patient met the inclusion criteria, 12 women and 10 men,88
(mean age 67.1 years).89
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Inclusion criteria:90

Acute infarct on DWI in MCA territory.91

Stroke protocol performed including DWI and SWI on first day.92

Repeat DWI with in three days.93

Exclusion criteria:94

Tissue plasminogen activator (TPA) given.95

Haemorrhagic infarction on initial presentation.96

Watershed infarcts/Posterior circulation infarcts97

Sampling technique: Non-probability purposive98

Imaging techniqueScanners: 1.5 T scanner (Magnetom Avanto; Siemens Medical Solutions,99
Erlangen, Germany) and 3T (Titan,Toshiba)with a standard 12-channel head coil. [7]100

Stroke protocol: After routine axial T2W Only DWI and SWI sequences were performed in first101
encounter after triage.102

For the DWI sequences, (with TR/TE = 3700/109 ms, b = 1000 s/mm2, slice thickness = 5 mm,103
slice number = 28, and matrix = 128x128) and generated ADC maps. [7]104

For the transverse 3-dimensional (3D) SWI sequences, TR/TE = 49/ 40 ms, flip angle = 15°,105
slice thickness = 2 mm with 60 sections per slab, matrix = 224×256, 64 slices, and (integrated106
parallel acquisition technique (iPAT) acceleration factor = 2. The phase, magnitude (mag),107
minIP, and SWI images were uploaded and made available on a picture archiving and108
communication (PACS) system (Rogan). [7]109

The total scan time for stroke protocol was 5-6 mins. Follow up scan was performed within 3110
days with axial T1W, T2W, Coronal FLAIR, DWI, SWI AND Time Of flight MR angiogram of111
the circle of Willis.112

Image interpretation: Neuroradiologist with more than ten years of expertise and Neuroimaging113
fellow, read the MRI scans. These scans were blinded with the clinical findings.114
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MRI Image analysis;115

Acute stroke is defined as high signal intensity on DWI sequence and low signals on116
corresponding ADC sequence. [24]117

A semi quantitative 10 points scoring system, the Alberta Stroke Program Early CT Score118
(ASPECTS) was used to score the infarct, it is a well-established and investigated assessment119
system to quantify the extent of ischemic changes and to foretell the functional outcome in120
patients with acute ischemic stroke.[12]121

It is a 10 point scoring system, and each point is allocated to the MCA territory zones. A normal122
brain scores 10 while 0 score is given to brain with diffuse infarction [13]123

The integration of ASPECT score to DWI imaging in stroke extended and it adds to predict124
outcome and rapid risk assessment before thrombolytic therapy.[14]125

Growth in infarct was defined as any new or bigger lesion on follow-up DWI.126

PVS on SWI was defined as the local prominence of hypo-intense vessels with either an127
increased number of vascular vessels or an increased diameter in the target area relative to the128
non-target area.129

MCA territory in the infarction side was the target area, in the study.130

The PVS of the lower MCA-territory (cortical or medullary vessels) were logged as ( M1, M2, or131
M3), (higher MCA-territory) as M4, M5, or M6), insular as (I), thalamostriate as (C, L or IC) as132
they drain via caudate nucleus, lentiform nucleus, and internal capsule. [7]133

A PVS score of 0 to 10 was given once both the readers reached a consensus.134

Statistical Analysis: SPSS, version 19.0 was used. (SPSS, Chicago, IL, USA). Mean and135
standard deviation of PVS scores, DWI-ASPECTS scores, and infarct growth scores were136
calculated.137

Spearman’s rank correlation test was used to examine the correlations between PVS score and138
infarct growth score. Regression was computed, with P<0.05 considered significant.139

Results140
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The study included 12 women and 10 men, (mean age 67.1 years).141

MRI images were initially acquired as stroke protocol (mean 12 hours) in acute stage and the142
next MRI was done within 3 days after the acute stage.143

9 patients had right sided and 13 patients had left sided MCA territory infarct, the mean DWI-144
ASPECTS score was 4.3 (range 0–9). PVS was detected in 15 patients (mean score 4.1, range145
0–10).146

Out of 22 patients 9 patients showed no evolution in infarct however in 13 patients evolution was147
from (ASPECTS mean score 3.95, range 0–9; mean infarct growth score 7.4, range 0–10).148

7 patients devoid of PVS in initial MRI, did not exhibited evolution of infarction. Of 15 patients149
with PVS on initial MRI, 13 (87%) had infarct growth. Correlation between the evolution in150
infarct size and PVS score was observed (r = 0.86,P<0.001).151

Similar results were observed in recently published studies on pediatric arterial ischemic stroke152
by Polan,RM, .et al [13] and SWI/DWI mismatch as predicting ischemic stroke studied by153
Chia,Yuen ,.et al. [7].154

Discussion155

Our study revealed that PVC on SWI is an indicator for ischemic tissue salvation that will156
transform to infarction if timely blood perfusion id not established. Our results were comparable157
eith previous studies by,s KesavadasC, et al.Jneurol [15].KaoHW et al. Euro Radiol [16],158
HuangP, et al. Neurol [17], Baik et al. CerebrovascDis [18], YamashitaE, et al Acta Radiol [19].159

Similar results were observed in recently published studies on pediatric arterial ischemic stroke160
by Polan,RM, .et al [13] and SWI/DWI mismatch as predicting ischemic stroke studied by161
Chia,Yuen ,.et al. [7].162

163

The PVS had a positive predictive rate of 87% and a negative predictive rate of 100%.164

Not only veins but PVS can reflect small arteries with deoxyhemoglobin blood in the Penumbra165
area. Consistent with previous SWI studies [13, 16, 17], our study of 22 patients showed PVS in166
15, microbleed in 6, and intra-arterial thrombus in 9. A lower microbleed rate would be167
expected, with parenchymal hemorrhage used as an exclusion criterion.168
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Only two patients (25%) with infarct growth in the lentiform nucleus, internal capsule, or169
caudate nucleus had PVS, which can be explained by the admixed venous flow in the170
thalamostriate vein, which drains not only these structures, but also the thalamus. Notable171
association between extent of PVS and growth of infarction was also observed.172

The affected zones (M1-M6) of the MCA territory correlated with the PVS extent constantly,173
showing DWI/SWI mismatch a predictor of evolution in stroke [7].174

In Baik’s study[18], recanalization improved the outcome clinically ostensible normalization of175
PVS in veins. A case report [22] suggesting hyperperfusion, described by SWI intensity change176
of the draining  veins as a contributor to development of post ischemic malignant edema [23-25].177

In our study, the magnitude of penumbra can be recognized by the range of PVS, Therefore a178
greater volume of tissue can be salvaged if it is correlated with the PVS.179

Limitations:180

– Small patient number.181

– PWI or arterial spin labeling was not performed.182

– Patient with poor outcome or who died.183

– Interpretation bias, PVS were observed and compared rather than objectively measured.184

_ Use of ASPECTS for PVS semiquantification is questionable [26].185

– Quantitative mapping of susceptibility is an advancement of SWI that require phase data to186
acquire information on susceptibility [27-30]187

188

Quantifiable data may be gathered in future for oxygen metabolism using noninvasive techniques189
such as imaging.190

Conclusions191

Venous congestion seen in infarcted territory is related to poor prognosis and this can be reliably192
used as a surrogate marker of oxygen extraction in pneumbra.193
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SWI can predict tissue at risk and can be a replacement for perfusion scan in clinical scenerio of194
acute ischaemic infarct.195

MRI stroke protocol can be a one stop shop with initial first day DWI-SWI sequences to detect196
core and pneumbra with multiple co-morbids and in settings were reperfusion is planned.197

Disclaimer regarding Consent/Ethical Approval:198
199

As per university standard guideline participant consent and ethical approval has been collected and preserved by the authors.200
201
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319

320

321

A 63-year-old woman had a diagnosis of LEFT middle cerebral artery territory infarct.322

Susceptibility-weighted imaging revealsprominent hypointense cortical and medullary vessels323
diffusely seen in the insula and M1to M6 zones of the left324

Middle cerebral artery territory. Engorged deep veins and thalamostriate artery over the lesions325
compared with the healthy side were also noted. Involved326
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M1to M6 zones and insula lost7 points and an engorged thalamostriate vein lost3 points. The327
prominent vessel sign score was 0 (10–7–3= 0).328

Susceptibility-weighted imaging(C,D) at the basalganglia and suprabasal ganglion levels reveal329
prominent vessel signs in the cortical veins(arrows),330
medullary veins(arrows)and thalamostriatevein (arrowhead).331


