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Abstract 

Introduction: Stroke is the second leading underlying cause of death globally and the leading cause of disability 

in adults. Stroke diagnosis should be performed quickly and efficiently to eliminate other potential causes of 

neurological deficits and to assess the time since the onset of clinical symptoms. Computed tomography (CT) and 

magnetic resonance imaging (MRI) are essential methods of detecting and evaluating stroke type and treatment 

options. Diffusion and perfusion MR imaging is recommended for early stroke diagnosis, as well as for the 

selection of patients for recanalization therapy, and is considered effective in assessing treatment outcomes. The 

objectives of this study were to demonstrate the diagnostic value of diffusion and perfusion imaging in the 

diagnosis of acute ischemic stroke, analyze the role of magnetic resonance imaging in the selection of patients with 

acute stroke for recanalization therapy, and assess the effect of acute stroke complicity. 

Material and methods: The research is designed as a systematic review of the primary scientific research literature, 

which was published in English in relevant scientific databases (PubMed, Google Scholar, Medline) from 2014 to 

2021. 

Results: 14 scientific research papers were singled out and the general characteristics of the study were analyzed 

(country, authors, year of publication, title of the study, type of study, study objectives, research methods, results 

and conclusion). A quality assessment of the included studies with cohort design and randomized controlled studies 

was performed, and most belong to the category of high-quality studies with a smaller number of medium-quality 

studies. The overall percentage of detected AIS cases in isolated studies using the DWI and/or PWI sequence was 

90.8%. At the same time, the outcome of recanalization therapy was assessed using MRI studies (the number of 

patients who developed adverse events with functional data outcome 30 or 90 days after the procedure was 

observed). Comparison of MRI and CT imaging protocols provided data on the total percentage of detected acute 

stroke cases using CT imaging protocols (68.9%) and MRI imaging protocols (88.5%), which is why MRI is 

considered a superior method. 

Conclusion: Although CT is a suitable method for visualizing bleeding and also for early differentiation of 

hemorrhagic from ischemic stroke, if MRI imaging is available, it is recommended to use DWI, PWI, MRA 

sequences for a more accurate diagnosis of stroke in the acute phase. 

Keywords: magnetic resonance imaging; acute stroke; computed tomography; diffusion; perfusion; recanalization 

therapy. 
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Introduction 

Magnetic resonance imaging (MRI) is a multiplanar 

imaging method that provides cross-sections of the 

human body in high resolution in all three planes 

(transverse, sagittal and coronal), which facilitates 

insight into pathological processes, such as stroke (1). 

With the help of MRI imaging protocol, it is possible 

to detect a stroke in the acute phase, as well as to 

distinguish ischemic from hemorrhagic, which makes 

this imaging method important for making treatment 

decisions (thrombolysis or thrombectomy). 

Multimodal magnetic resonance imaging involves the 

use of the following sequences: 

 T2-weighted imaging (T2WI), 

 fluid-attenuated inversion recovery 

(FLAIR), 

 gradient echo imaging (GRE), 

 MR angiography (MRA), 

 diffusion-weighted imaging (DWI) and 

 perfusion-weighted imaging (PWI) (2). 

Ischemia changes the water content in the affected 

area of the brain by prolonging the T1 and T2 

relaxation times and appears as a dark area 

(hyposignal) in the T1 sequence, while in the T2 

sequence the infarct area is seen as a light area 

(hypersignal). The T2 FLAIR sequence removes the 

hypersignal from the cerebrospinal fluid, which 

improves the visualization of many cerebral lesions, 

including stroke (3). Diffusion is the most sensitive 

for early identification of ischemic stroke, a 

technique that can quantitatively analyze the degree 

of diffusion of free water molecules within tissues 

and that shows an ischemic lesion in hypersignal just 

minutes after the onset of stroke symptoms (1). 

Perfusion imaging is considered an excellent tool for 

assessing the penumbra, i.e. the area of the brain in 

which the flow is partially preserved and which can 

be saved from permanent damage if recanalization is 

performed in a timely manner (3). Among the 

advantages of MRI in the diagnosis of acute stroke is 

the fact that this imaging technique does not use 

ionizing radiation, as well as the fact that the ischemic 

stroke is seen on the MRI image much earlier than 

on the CT image. Disadvantages include the longer 

imaging time compared to CT, the higher cost of the 

examination, and the fact that for some patients due 

to the presence of metal foreign bodies or implants, 

this examination is contraindicated (3,4). 

The objectives of this study were to demonstrate the 

diagnostic value of diffusion and perfusion imaging 

in the diagnosis of acute ischemic stroke, to analyze 

the role of magnetic resonance imaging in the 

selection of patients with acute stroke for 

recanalization therapy, and to evaluate the superiority 

of MRI and CT imaging protocols in the diagnosis of 

acute stroke. 

Material and methods 

The research is designed as a systematic review of the 

primary scientific literature, which was published in 

English in relevant scientific databases (PubMed, 

Google Scholar, Medline) from 2014 to 2021. First, a 

selection of 14 scientific research papers was made in 

which the general characteristics of the study were 

analyzed (country, authors, year of publication, title 

of the study, type of study, study objectives, research 

methods, results and conclusion). With the help of 

the PRISMA flow diagram, the flow of information 

through different phases of the systematic review is 

presented - through the number of identified, 

included and excluded studies, and the reasons for 

exclusion from the research (5). Criteria for inclusion 

in the research were scientific research papers 

published in English in relevant scientific databases 

in the period from 2014 to 2021, which were  focused 

on the application of MRI in the diagnosis of acute 

stroke, then papers in which comparison of MRI and 

CT imaging protocols were made for the diagnosis of 

the already mentioned condition, and papers 

concerning the role of magnetic resonance as a 

method of imaging in the selection of patients and 

monitoring the effects of recanalization therapy 

(thrombolysis or thrombectomy). Exclusion criteria 

were scientific research papers published before 

2014, papers that do not contain primary data, and 

papers that do not contain data on the use of MRI in 

acute stroke. The search keywords were: acute stroke, 

magnetic resonance imaging, diffusion, perfusion, 

recanalization treatment. 
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Diagram 1. PRISMA model 
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Results 

The quality assessment of the included cohort design studies (Table 1) was made according to the quality 

assessment tools developed by the National Heart, Lung and Blood Institute (NHLBI) in 2013, while the quality 

assessment of the included randomized controlled studies (Table 2) was also done according to the source 

mentioned above (6). 

Table 1. Quality assessment of included studies with a cohort design 
Main author, year, country, title 1 2 3 4 5 6 7 8 9 10 11 12 Total 

assessment 
quality 

Simonsen CZ., et al., 2015, Denmark, 
Sensitivity of Diffusion- and Perfusion-
Weighted Imaging for Diagnosing 
Acute Ischemic Stroke Is 97.5% 

Y U Y Y Y Y Y Y Y Y Y Y High quality 

Wolman D.N., et al, 2018, USA, Can 
DWI and PWI alone accurately triage 
anterior circulation acute ischemic 
stroke patients to endovascular therapy? 

Y U Y Y Y U U Y Y Y Y Y Medium 
quality 

Aoki J., et al., 2015, USA, DWI Volume 
as the Best Predictor of the 
Diffusion–Perfusion Mismatch in Acute 
Stroke Patients within 8 Hours of Onset 

Y Y Y Y Y N N Y Y Y Y Y Medium 
quality 

Harston GWJ., et al., 2017, USA, 
Quantification of Serial Cerebral Blood 
Flow in Acute Stroke Using Arterial 
Spin Labeling 

Y Y Y Y Y Y Y Y Y Y Y Y High quality 

Kim JT.,et al., 2019, S. Korea, MRI 
Versus CT Angiography Based Selection 
for Endovascular Therapy 
in Patients With Acute Ischemic Stroke 

Y U Y Y Y Y Y Y Y Y Y Y High quality 

Majidi S., et al., 2019, USA, MRI-based 
thrombolytic therapy in patients with 
acute ischemic stroke presenting with a 
low NIHSS 

Y Y Y Y U Y Y Y Y Y Y Y High quality 

d’Esterre CD., et al., 2020, France, 
Defining reperfusion post endovascular 
therapy 
in ischemic stroke using MR-dynamic 
contrast enhanced perfusion 

Y Y Y Y Y Y N Y Y Y Y Y High quality 

Junejo HR., et al., 2021, Pakistan, 
Predictive Value of CT Brain Perfusion 
Studies in Acute Ischemic Infarct 
Taking MRI Stroke Protocol As Gold 
Standard 

Y Y Y Y Y N N Y Y Y Y Y Medium 
quality 

Copen WA, et al., 2017, USA, In 
patients with suspected acute stroke, CT 
perfusion-based cerebral blood flow 
maps cannot substitute for DWI in 
measuring the ischemic core 

Y U Y Y Y Y U Y Y Y Y Y High quality 

Schaefer PW., et al., 2015, USA, Limited 
Reliability of Computed Tomographic 
Perfusion Acute Infarct Volume 
Measurements Compared With 
Diffusion-Weighted Imaging in 
Anterior Circulation Stroke 

Y U Y Y U Y U Y Y Y Y Y Medium 
quality 

Abdelgawad EA., et al., 2016, Egypt, 
Diagnostic performance of CT cerebral 
blood volume colour maps for 
evaluation of acute infarcts; comparison 
with diffusion-weighted MRI within 12 
hours of major stroke onset 

Y Y Y Y Y N N Y Y Y Y Y Medium 
quality 

Romero JM., et al., 2020, USA, Accuracy 
of MRI T2*-weighted sequences (GRE-
EPI) compared 
to CTA for detection of anterior 
circulation large vessel thrombus 

Y Y Y Y Y U U Y Y Y Y Y High quality 
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Checklist  for  cohorts  studies:  (1)  Is  the  purpose  of  the  study  formulated?  (2)  Were  subjects  recruited  for  

the  cohort  satisfactorily?  (3) Was the exposure accurately measured? (4) Was the outcome accurately measured? 

(5) A. Have the authors identified all important confounders in the study’s design and analysis? (5) B. Have the 

authors take into account known, possible confounders in the design and analysis of the study? (6) Were any of 

the people in the cohort followed up? (7) Were the people followed up long enough? 8) What is the result of this 

study? (9) Do you trust the results? (10) Can the results be transferred to practice? (11) Do the results of this study 

fit with the results of other available studies? (12) What are the implications of this study for practice? (answers 

Yes: Y; No: N; Unclear: U)  

Table 2. Quality assessment of the included studies with an RCT design 
Main author, year, country, title 1 2 3 4 5 6 7 8 9 10 11 Total 

assessment 

quality 

Provost C., et al., 2019, France, 
Magnetic Resonance Imaging or 
Computed Tomography Before 
Treatment in Acute Ischemic 
Stroke Effect on Workflow and 
Functional Outcome 

Y Y Y Y Y Y Y Y Y U Y High quality 

Nael K., et al., 2017, USA, 
Multiparametric Magnetic 
Resonance Imaging for Prediction 
of Parenchymal Hemorrhage in 
Acute Ischemic Stroke After 
Reperfusion Therapy 

Y U Y Y Y Y Y Y Y Y Y High quality 

 

Checklist for RCT studies: (1) Is the purpose of the study clearly formulated? (2) Was the assignment to the 

different groups using a satisfactory randomization procedure? (3) Were all the participants reported at the end of 

the study? (4) Were participants, health-care providers, and study personnel “blind” to treatment? (5) Were the 

groups similar at the start of the trial? (6) Aside from the measure being  evaluated  (experimental  intervention),  

were  the  groups  treated  equally?  (7)  What  are  the  results?  (8)  How  accurate  are  the  results? (9) Can the 

results be transferred to practice? 10). Were all important outcomes measured in this study? (11) Are the benefits 

worth the harms and costs? (answers: Yes: Y; No: N; Unclear: U)  

Table 3 analyzes the importance of diffusion and perfusion imaging in diagnosing acute ischemic stroke in these 

studies. It was observed through the number of patients in whom these imaging protocols successfully confirmed 

the aforementioned diagnosis in relation to the total number of patients included in research. This analysis provided 

data on the percentage of detected cases of acute ischemic stroke using the already mentioned protocols. 

Table 3. Significance of diffusion (DWI) and perfusion (PWI) imaging in the diagnosis of acute 

ischemic stroke (AIS) 
Main author/year Total number of patients Pat. number in which the 

DWI and/or PWI 
confirmed the AIS 

Pat. number in which the 
DWI and/or PWI didn't 

confirm the AIS 

Percentage of detected 
AIS cases using DWI 

and/or PWI 

Simonsen CZ et al. (2015) 565 518 47 91.7 % 

Wolman DN et al. (2018) 219 208 11 94.9 % 

Majidi S et al. (2019) 121 103 18 85.1 % 

Abdelgawad EA et al. 

(2016) 

48 44 4 91.7 % 

Total percentage (%) of detected AIS cases using DWI and/or PWI sequence (90.8%). 

 

When it comes to the role of MRI in the selection of patients with acute stroke for recanalization treatment and in 

the assessment of treatment outcomes, it was analyzed using Table 4 shown below. A modified Rankin scale 

(abbreviated mRS) assesses the functional outcome 30 or 90 days after the recanalization treatment. 
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Table 4. MRI as a tool for selecting patients diagnosed with AS for recanalization therapy and a tool for 

assessing the effect of the therapy on improving the health condition of treated patients 

Main 
author/year 

Pat. number who were 
referred for rec.therapy 

on the basis of MRI 

Mean NIHSS 
value  before 

therapy 

The outcome of therapy in these 
pat. recorded after control MRI 

study 

Mean NIHSS 
value after 

therapy 

Majidi S et al. 

(2019) 

121 3 (2-4) No bleeding (104 pat., 86%) HT (16 

pat., 13.2%), sICH (1 pat, 0.8%); 

mRS 0-1 measured 1 month after 

RT (60 pat., 49.6%) and 90 days (49 

pat., 40.5%). 

1 (0-2) 

Nael K et al. 

(2017) 

83 17 (13-21) PH (20 pat., 24.1%), (mRS>2) 3 

months after RT (15 pat., 18.1%). 

ND 

Kim JT et al. 

(2019) 

986 14 (11-18) Successful rec. (536 pat., 54.4%), 

sICH (29 pat., 2.9%), mRS (0-2) 3 

months after RT (289 pat., 29.3%), 

mRS (0-1 ) 3 months after RT (168 

pat., 17%) death (117 pat., 11.9%). 

ND 

Provost C et 

al. (2019) 

299 18 (14-21) mRS (0-2) 3 months after RT (153 

pat., 51.2%), sICH (4 pat., 1.3%), 

death (33 pat., 11%), successful rec 

(73 pat., 24.+đž4%). 

ND 

dEsterre CD 

et al. (2020) 

17 16 (11-20) In 15 pat. established good 

reperfusion (mTICI-2b / 3), at 2 

pat. weak or non-established 

reperfusion (mTICI-0/1 / 2a). 

8 (1-12) 

 

List of abbreviations: HT (hemorrhagic transformation), sICH (symptomatic intracranial hemorrhage), mRS 

(modified Rankin scale), RT (recanalization therapy), PH (parenchymal hemorrhage), ND (no data), mTICI 

(modified treatment in cerebral ischemia score). 

Table 5. Results of comparison of CT and MRI imaging protocols, as well as data on the percentage of 

detected cases of AS using the protocols listed below. 

Main author/year Compared CT imaging protocol and 

percentage of detected cases of AS 

Compared MR imaging protocol 

and percentage of detected cases of 

AS 

Superior 

imaging 

protocol in 

AS detection 

Junejo HR et al.  

(2021) 

CTP (86/125 patients, 68.8%) DWI (120/125 patients, 96%) DWI 

Abdelgawad EA et al. 

(2016) 

CTP (30/48 patients, 62.5%) DWI (44/48 patients, 91.7%) DWI 

Copen WA et al. 

(2017) 

CTP (35/58 patients, 60.3%) DWI (42/58 patients, 72%) DWI 

Romero JM et al. 

(2020) 

CTA (43/51 patients, 84.3%) T2*-W sequence (48/51 patients, 

94.1%) 

T2*-W 

sequence 

Total percentage (%) of detected AS cases: CT imaging protocols (68.9%); MRI imaging protocols (88.5%). 

 

List of abbreviations: CTP (computed tomography perfusion imaging), DWI (magnetic resonance diffusion 

imaging), CTA (computed tomography angiography), T2 * -W sequence (T2 * -weighted sequence, fast gradient 

echo sequence). 
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Discussion  

After assessing the quality of studies with cohort 

design, it can be concluded that most of them are in 

the category of high quality studies, with a smaller 

number of medium quality studies. Two randomized 

controlled trial studies were also evaluated as high 

quality studies. The most commonly used MRI 

imaging protocols in the studies included in the 

review were diffusion (DWI) and to a lesser extent 

perfusion (PWI). The diagnostic value of DWI in 

AIS detection was recognized and confirmed by the 

authors Zhang X.H. and Liang H.M. (7), who in a 

meta-analysis (13 studies) proved that the DWI 

sequence has higher sensitivity (94.13%), specificity 

(83.07%) and accuracy (98.72%) in the detection of 

this disorder compared to standard and angiographic 

MRI and CT imaging. To what extent the modality 

by which patients were scanned influences the final 

decision on therapy was the main research question 

in the study by Hansen C.K. (8) and associates. They 

found that clinicians considered themselves more 

confident in their decision to select suitable 

candidates for i.v. thrombolysis if MRI rather than 

CT was used for imaging. MRI is also used to assess 

the effect of recanalization therapy through the 

number of identified patients in whom any 

hemorrhagic transformation (HT) has or has not 

occurred. Can MRI predict the occurrence of HT, 

author Suh C.H. (9) and associates sought to 

investigate by assessing the diagnostic performance 

of MRI in predicting HT in a meta-analysis (9 

studies). The conclusion of their research, which 

included a total of 665 patients, was that MRI had a 

sensitivity of 92% and a specificity of 78% in the 

detection of HT. In his review Lövblada K.O. (10) 

with the help of associates evaluated which method 

(CT or MRI) is superior in the image of AS. He 

concluded that CT can detect early bleeding at the 

onset of stroke or after an intraarterial procedure, but 

that MRI is a more sensitive method in detecting 

changes in an ischemic lesion - especially in the case 

of small lesions, which are not sometimes visible on 

CT. 

Conclusion 

CT and MRI are diagnostic tools for determining the 

existence of stroke symptoms, the time of their 

occurrence, and whether they indicate ischemic or 

hemorrhagic stroke. CT is a good method for early 

distinguishing hemorrhagic from ischemic stroke, 

and its superior protocols are perfusion (CTP) and 

angiography (CTA). However, if MRI imaging is 

available, the use of diffusion (DWI), perfusion 

(PWI), and angiographic (MRA) sequences is 

recommended for a more accurate diagnosis of 

stroke in acute phase. With the help of MRI, it is 

possible to select suitable candidates with a diagnosis 

of AS for recanalization therapy, as well as to assess 

its effect on the improvement of the health condition 

of patients who have undergone therapeutic 

intervention. 
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