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Abstract: 
Over 80% of strokes are caused by ischemic brain injury caused by a sudden decrease in blood 

supply. Large artery blockage occurs in 25-35% of strokes, and patients in this category frequently 

have severe neurological impairments. We conducted a narrative review due to 2021 for all relevant 

studies that were shown in one of the electrical databases such as; Medline. Recent advancements in 

stroke imaging enable near-real-time knowledge on several aspects of stroke pathology. The 

primary function of imaging is to rule out cerebral hemorrhage, characterize the ischemic zone, 

differentiate between infarct core and penumbra, and portray vascular health. CT and MRI are both 

reliable imaging modalities, each with their own set of advantages and disadvantages. Although CT 

is more readily available, MRI provides more information and is more sensitive to tiny infarctions. 

 

INTRODUCTION: 

Stroke is a major cause of death and long-term impairment. More than 80% of strokes are caused by 

ischemia damage to the brain caused by a sudden decrease in blood supply. It has been calculated 

that  1.8 million neurons are destroyed every minute that suitable treatment is not provided [1]. 

 

The early revascularization of at-risk but potentially salvageable brain tissue, which can be viable 

for a length of time due to collateral perfusion, is a significant component of acute ischemic stroke 

(AIS) therapy [2]. The role of imaging in AIS is thus to detect afflicted brain parenchyma and 

https://jptcp.com/index.php/jptcp/issue/view/79


Rules Of Imaging In Cerebral Ischemic Stroke; Review 

 

Vol.30 No. 2 (2023) JPTCP (602-607) Page | 603 

designate any areas of potentially recoverable tissue with the goal of early intervention and 

reperfusion. With the success of recent endovascular therapy trials, there has been a paradigm shift 

away from the use of IV tPA alone and toward the addition of early endovascular therapy in 

adequately selected patients. IV tPA alone is often superior to big proximal occlusions for 

reperfusion of tiny distal vascular occlusions [3,4]. Rapid multimodal imaging is thus vital for 

identifying individuals who may benefit the most from endovascular therapy. Recent big stroke 

trials have included the use of various fast imaging techniques [5]. In several investigations, the use 

of advanced computed tomography (CT) imaging technologies did not significantly increase the 

time from stroke onset to first reperfusion [6]. 

 

DISCUSSION: 

Rapid examination of acute stroke patients will become more common as the population ages and 

acute remedies become more available. Imaging is an important feature in the evaluation of 

individuals with acute ischemic stroke. Noncontrast computed tomography (CT) is the primary 

imaging modality for the initial examination of patients with suspected stroke in the United States 

(Figure 1) [7]. The CT symptoms of stroke are classified into three categories: acute (less than 24 

hours), subacute (24 hours to 5 days), and chronic (weeks). Acute stroke is characterized by 

cytotoxic edema, and the changes can be minor but severe. They are also known as "early ischemic 

alterations" and were previously known as "hyper-acute." It is caused by intracellular edema and 

results in the loss of the normal gray matter/white matter interface (differentiation) as well as the 

effacement of the cortical sulci. In the acute phase, a thrombus in the proximal middle cerebral 

artery (MCA) can cause hyperattenuation. Subacute stroke is characterized by vasogenic edema, 

which has a higher mass effect, hypoattenuation, and well-defined borders. At this stage, the mass 

effect and risk of herniation are greatest [7,8]. 

 

 
Figure1: Left middle cerebral artery (MCA) infarction. Axial nonenhanced computer 

tomography demonstrates hypoattenuating foci throughout the left sided white matter (arrows). 

 

A noncontrast head CT may detect early stroke symptoms, but it will also rule out intracerebral 

hemorrhage and lesions that may mimic acute ischemic stroke, such as tumors or intracerebral 

hemorrhage. Noncontrast CT is also utilized to assess acute cerebral bleeding because it provides 

good contrast between the high attenuating ("bright") clot and the low attenuating ("dark") 

cerebrospinal fluid (CSF) (Figures 2) [8]. 

Exclude intracranial hemorrhage (ICH) and other mass lesions that take up space in the brain, such 

as neoplasms. Acute ICH is traditionally detected as a lesion with high CT density (60-90 HU) and 

sensitivity. T2-gradient-MRI sequences detect ICH extremely well [9]. 

https://jptcp.com/index.php/jptcp/issue/view/79


Rules Of Imaging In Cerebral Ischemic Stroke; Review 

 

Vol.30 No. 2 (2023) JPTCP (602-607) Page | 604 

 
Figure 2: Massive subarachnoid and intraventricular hemorrhage. Axial nonenhanced computer 

tomography demonstrates a large “bright” or hyper attenuating dense subarachnoid hemorrhage 

throughout the perimesencephalic cistern (arrow) and along the tentorium (double arrows). 

 

Beyond the immediate impact of physical alterations in the artery system leading to brain tissue, the 

pathophysiology of cerebral ischemia is complex. In contrast to localized ischemia and ischemic 

stroke, cerebral hypoperfusion and cardiac arrest can both result in global ischemic injury that is not 

limited to a single vascular area. At the tissue and cellular levels, the pathophysiology of ischemia is 

similar, involving metabolic inefficiency and cell death owing to hypoxia. Because approximately 

half of cerebrovascular resistance is dependent on the major arteries at the circle of Willis, as well as 

both intra- and extracranial vasculature, the regulation of tissue perfusion in the brain is adjusted 

differently than in any other organ in the body [10]. Through their regulation of cerebral blood 

flow, these arteries and their end arterioles play a critical role in oxygen supply to the brain 

parenchyma (CBF). Many animal and human investigations have been conducted to determine the 

threshold below which a decrease in CBF causes neurological symptoms and those that correlate 

with pathologically irreversible neuronal damage [11,12]. Depending on the study design, 

neurological symptoms and ischemia have been reported to range from less than 20ml/100ml/minute 

to 8-12ml/100ml/min, indicating that tissue oxygenation was no longer sufficient to maintain the 

cellular machinery [12,13]. While cerebral ischemia was previously assumed to be caused by a 

decrease in CBF, Ostergaard and colleagues have highlighted the concept of capillary transit time 

heterogeneity and its contribution to the brain's efficacy in extracting oxygen at a given CBF [14]. 

Regional changes in CBF can be visualized using computed tomography (CT) and magnetic 

resonance imaging (MRI) (Figure 1). The last aftermath of tissue oxygen deprivation causes a 

multitude of deadly effects, including cell body shrinkage, chromatin condensation, nuclear 

disintegration, and alterations in membrane phospholipid structure[15].  

 

Phosphatidy lethanolamine, a member of the phospholipid structure, has been hypothesized to have 

a regulatory function in the blebbing and creation of apoptotic bodies, as well as in the mediation of 

cellular necrosis, as its externalization may contribute to cytoskeletal organization [16]. 
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Figure 3: (A) CT of patient presenting with acute right MCA stroke with blue color demonstrating 

most severely decreased CBF in ischemic hemisphere. (B) MRI of patient presenting with acute left 

MCA stroke with purple color demonstrating most severely decreased CBF in ischemic hemisphere. 

 

The fundamental step in guiding further therapy is defining the extent and location of the ischemic 

parenchyma irreparably damaged by severe hypoperfusion, known as the 'infarct core.' With 

ischemia (defined as cerebral blood flow [CBF] less than 10-12 ml/100 g/min) [17] and subsequent 

energy failure, water molecules become trapped in the damaged cells, a process known as 

'compartmentalization,' resulting in cytotoxic edema. Each 1% increase in tissue water content 

results in a 2.6 Hounsfield Unit drop in tissue density [18]. Early ischemia indicators include 

blurring of the internal capsule's clarity, loss of distinctness of the insular ribbon cortex, and loss of 

cortico-medullary differentiation. Within the first 3 hours after symptom onset, the CT indications 

show a sensitivity of 40-60% and specificity, positive and negative predictive values of 85, 96, and 

27%, respectively. The earliest time for diagnosing hypodensity caused by ischemia is 45 minutes 

[19,20]. The method used to define IC with MRI is diffusion-weighted imaging (DWI). Due to the 

restricted motion of the water molecules trapped in the cell, DWI detects cytotoxic edema [21]. This 

restricted diffusion can be seen as a bright signal on b1000 DWI images or as a low signal on the 

following, automatically produced apparent diffusion coefficient (ADC) maps. DWI can detect 

ischemia as early as 11 minutes after the onset of a stroke and is far more sensitive than CT in 

identifying acute ischemia [22]. However, some areas with restricted diffusion may experience 

reversal of these changes and are thus considered to be in the penumbra [23]. 

CT becomes the preferable imaging modality in patients who are unable to receive MRI, such as 

those with pacemakers or implanted metallic items, or in patients who are too unstable to remain in 

a supine posture for a lengthy amount of time. However, for individuals who are able to undergo 

MRI testing, this imaging technology, albeit slightly more time consuming, has the distinct 

advantage of showing precise detail of brain parenchyma with early sensitivity that significantly 

outperforms CT procedures. MRI will show new ischemia lesions as hyperintensities on DWI and 

associated ADC hypointensities minutes after the beginning of neurologic symptoms and, probably, 

ischemic insult. These lesions, which reflect parenchymal cytotoxic edema, are thought to 

approximate the ischemic core in the short term. It is important to highlight that with the clearance 

of ischemia, DWI lesions may become reversible [24,25]. The pattern of distribution of DWI lesions 

may provide invaluable insight into illness mechanisms, whether thromboembolic in nature, due to 

blockage of a specific vascular area, or due to hypoperfusion and borderzone ischemia [26]. 

Misalignment of DWI and FLAIR positive may disclose temporal aspects or the length of ischemia 

[27]. CT has limitations in detecting extremely early ischemia injury in the acute environment and 

in accurately seeing posterior fossa disease [28]. However, because to the widespread availability of 

CT equipment in the community and in some institutions, CT scanning remains the first-line imaging 

modality. When paired with CT, CTA and CTP provide additional information about early 

ischemia. Non- contrast CT may be useful in ruling out cerebral bleeding or an existing, non-

vascular explanation for presentation such as a mass associated to infection, cancer, or other 

etiology in conjunction with a patient presentation and clinical exam that is consistent with a vascular 
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event. Repeat, serial imaging with the evolution of the patient's symptoms is also crucial in cases of 

suspected cerebral ischemia where non- contrast CT did not detect abnormality [28]. 

The concept of "fogging" best illustrates the need of repeated imaging and approaching cerebral 

ischemia as a dynamic situation. This phrase has long been used in CT to refer to the transitory 

decrease of visibility of an ischemic lesion roughly 2 weeks following the beginning of stroke 

[29,30]. The area of infarction develops a signal intensity similar to the surrounding normal tissue, 

most likely as a result of inflammatory cell infiltration of the lesion. In 2004, O'Brien and 

colleagues used T2 weighted MRI to do an independent, blinded examination of serial MRI images 

from patients presenting with symptoms of cortical ischemic stroke for up to 7 weeks [31]. While 

fogging on CT imaging translated into non-visibility of the lesion at the 2-week interval, the 

scientists discovered "fogging" on MRI in 50% of patients (15 patients) spanning in time from 6 to 

36 days after the ischemic episode, with a median of 10 days. In these individuals with moderate to 

large infarcts, a reduction in infarct severity was believed to contribute to an underestimating of the 

eventual result of stroke, and based on this, it was suggested that final imaging be obtained 7 weeks 

following the ischemic event [31]. 

 

CONCLUSION: 

All emergency physicians, neurologists, neurosurgeons, and neuroradiologists must be familiar with 

imaging in the acute context of suspected stroke. A thorough understanding of imaging modalities is 

required for the treatment of acute stroke patients. Unenhanced CT scan remains the initial study of 

choice for evaluating an acute stroke patient due to its widespread availability and speed - it is used 

for inclusion criteria and to rule out hemorrhage. Following bedside point-of-care testing to 

establish the baseline creatinine level, CT angiography can be obtained to provide additional 

information on stenotic and occluded blood vessels. Because of its superior soft tissue contrast, 

traditional MRI remains an important technique in the evaluation of subacute stroke patients. 

Specialized MRI techniques are also required to rule out hemorrhage in patients suspected of having 

stroke. 

 

REFERENCES: 

1. Saver JL: Time is brain-quantified. Stroke 2006;37:263-266. 

2. Liebeskind DS: Collateral circulation. Stroke 34(9):2279-2284, 2003. 

3. Emberson J, Lees KR, Lyden P, et al: Effect of treatment delay, age, and stroke severity on the 

effects of intravenous thrombolysis with alteplase for acute ischaemic stroke: A meta-analysis of 

individual patient data from randomised trials. Lancet 384(9958):1929-1935, 2014. 

4. Mishra SM, Dykeman J, Sajobi TT, et al: Early reperfusion rates with IV tPA are determined 

by CTA clot characteristics. Am J Neuroradiol 35 (12):2265-2272, 2014. 

5. Berkhemer OA, Fransen PSS, Beumer D, et al: A randomized trial of intraarterial treatment for 

acute ischemic stroke. N Engl J Med 372:11-20, 2015. 

6. Menon BK, Campbell BC, Levi C, et al: Role of vascular imaging in current acute ischemic 

stroke workflow for endovascular therapy. Stroke 46 (6):1453-1461, 2015. 

7. Birenbaum D, Bancroft LW, Felsberg GJ. Imaging in acute stroke. West J Emerg Med. 2011 

Feb;12(1):67-76. PMID: 21694755; PMCID: PMC3088377. 

8. Civetta, Kirby, Taylor, et al. 4th Edition. Lippencott: Williams and Wilkins; 2009. Critical Care; 

pp. 368–382. 

9. Kidwell CS, Chalela JA, Saver JL, Starkman S, Hill MD, Demchuk AM, et al: Comparison of 

MRI and CT for detection of acute intracerebral hemorrhage. JAMA 2004;292:1823-1830. 

10. Paulson OB, Strandgaard S, Edvinsson L. Cerebral autoregulation. Cerebrovascular and brain 

metabolism reviews. 1990;2(2):161–192. 

11. Finnerty FA, Witkin L, Fazekas JF. Cerebral hemodynamics during cerebral ischemia induced 

by acute hypotension. The Journal of clinical investigation. 1954;33(9):1227–1232. 

12. Astrup J, Siesjö BK, Symon L. Thresholds in cerebral ischemia- the ischemic penumbra. 

Stroke; a journal of cerebral circulation. 12(6):723–725. 

https://jptcp.com/index.php/jptcp/issue/view/79


Rules Of Imaging In Cerebral Ischemic Stroke; Review 

 

Vol.30 No. 2 (2023) JPTCP (602-607) Page | 607 

13. Marchal G, Benali K, Iglesias S, Viader F, Derlon JM, Baron JC. Voxel-based mapping of 

irreversible ischaemic damage with PET in acute stroke. Brain:a journal of neurology. 

1999;122(Pt 1):2387–2400. 

14. Ostergaard L, Jespersen SN, Mouridsen K, et al. The role of the cerebral capillaries in acute 

ischemic stroke: the extended penumbra model. Journal of cerebral blood flow and 

metabolism: official journal of the International Society of Cerebral Blood Flow and 

Metabolism. 2013 

15. Balasubramanian K, Schroit AJ. Aminophospholipid asymmetry: A matter of life and death. 

Annual review of  physiology. 2003;65:701–734. 

16. Zhang Y, Stevenson GD, Barber C, et al. Imaging of rat cerebral ischemia-reperfusion injury 

using(99m)Tc-labeled duramycin. Nuclear medicine and biology. 2012 

17. Heros RC: Stroke: early pathophysiology and treatment. Summary of the Fifth Annual Decade 

of the Brain Symposium. Stroke 1994;25:1877- 1881. 

18. Unger E, Littlefield J, Gado M: Water content and water structure in CT and MR signal changes: 

possible influence in detection of early stroke. AJNR Am J Neuroradiol 1988;9:687-691. 

19. Tissue plasminogen activator for acute ischemic stroke: The National Institute of Neurological 

Disorders and Stroke rt-PA Stroke Study Group. N Engl J Med 1995;333:1581-1587. 

20. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, von Kummer R, et al: Intravenous 

thrombolysis with recombinant tissue plasminogen activator for acute hemispheric stroke. The 

European Cooperative Acute Stroke Study (ECASS). JAMA 1995;274:1017-1025. 

21. Lovblad KO, Baird AE, Schlaug G, Benfield A, Siewert B, Voetsch B, et al: Ischemic lesion 

volumes in acute stroke by diffusion-weighted magnetic resonance imaging correlate with 

clinical outcome. Ann Neurol 1997;42:164-170. 

22. Hjort N, Christensen S, Solling C, Ashkanian M, Wu O, Rohl L, et al: Ischemic injury detected 

by diffusion imaging 11 minutes after stroke. Ann Neurol 2005;58:462-465. 

23. Barber PA, Darby DG, Desmond PM, Gerraty RP, Yang Q, Li T, et al: Identification of major 

ischemic change. Diffusion-weighted imaging versus computed tomography. Stroke 

1999;30:2059-2065. 

24. Kidwell CS, Saver JL, Mattiello J, et al. Thrombolytic reversal of acute human cerebral 

ischemic injury shown by diffusion/perfusion magnetic resonance imaging. Annals of 

neurology. 2000;47(4):462–469. 

25. Fiehler J, Foth M, Kucinski T, et al. Severe ADC decreases do not predict irreversible tissue 

damage in humans. Stroke; a journal of cerebral circulation. 2002;33(1):79–86. 

26. Caplan LR, Wong KS, Gao S, Hennerici MG. Is hypoperfusion an important cause of strokes? 

If so, how? Cerebrovascular diseases (Basel, Switzerland) 2006;21(3):145–153. 

27. Thomalla G, Cheng B, Ebinger M, et al. DWI- FLAIR mismatch for the identification of 

patients with acute ischaemic stroke within 4·5 h of symptom onset (PRE-FLAIR): a 

multicentre observational study. Lancet neurology. 2011;10(11):978–986. 

28. Selco SL, Liebeskind DS. Hyperacute imaging of ischemic stroke: role in therapeutic 

management. Current cardiology reports. 2005;7(1):10–15. 

29. Becker H, Desch H, Hacker H, Pencz A. CT fogging effect   with   ischemic   cerebral infarcts. 

Neuroradiology. 1979;18(4):185–192. 

30. Skriver EB, Olsen TS. Transient disappearance of cerebral infarcts on CT scan, the so-called 

fogging effect. Neuroradiology. 1981;22(2):61–65. 

31. O’Brien P, Sellar RJ, Wardlaw JM. Fogging on T2-weighted MR after acute ischaemic stroke: 

how often might this occur and what are the implications? Neuroradiology. 2004;46(8):635– 

641. 

32. Ozdemir O, Leung A, Bussiére M, Hachinski V, Pelz D. Hyperdense internal carotid artery 

sign: a CT sign of acute ischemia. Stroke; a journal of cerebral circulation. 2008;39(7):2011–

2016. 

https://jptcp.com/index.php/jptcp/issue/view/79

