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ABSTRACT 

Background: Phase images contains information regarding local susceptibility changes between the 
tissues, which can help measure the iron and other content which changes the local field. Typically, 
this information is ignored before looking at console. Susceptibility weighted imaging (SWI) is a 
magnetic resonance (MR) technique detects an early hemorrhagic transformation within the infarct to 
provide insight into cerebral hemodynamics following the stroke. 
Objective: Significance of “phase mask imaging in differentiation of hemorrhage and calcifications” 
in acute stroke patients.  
Methods: An observational non-interventional study carried out on 100 patients with stroke and 

headache symptoms. MRI Brain Stroke Profile with FLAIR, DWI, ADC, SWAN, and Phase mask 
sequences, done on 3T GE MRI scanner. 
Results: All patients underwent MRI study with SWI sequence. Of 183 cases, 33%(n=60) patients 
had microbleeds, 5%(n=10) patients had granulomas, 32%(n=58) patients had arterial thrombus with 
infarct, 11%(n=20) patients had falx calcifications, 11%(n=20) patients had intraparenchymal 
haemorrhage, and 8%(n=15) patients had infarcts with haemorrhagic transformation. The sensitivity 
of phase imaging in the detection of calcification was 90%. 
Conclusion: Phase mask imaging plays an important role to detect intracranial calcifications and 

chronic microbleeds. Phase mask imaging acts as a supplement tool in acute stroke patients, which 
guides further management. 
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Introduction 

The presence of calcifications and hemorrhages 

characterizes many pathologies of brain parenchyma.  It is 

important to differentiate hemorrhage and calcification for 

accurate diagnosis. SWI enhances the susceptibility induced 

contrast by combining the phase and magnitude. Recent 

advances allowed this method to be refined to utilize in 

various clinical applications.1 SWI can exploits the loss of 
signal intensity by susceptible substances due to 

inhomogeneity in the intrinsic magnetic field. The utility of 

SWI in the detection and characterization of various central 

nervous system lesions such as Traumatic Brain Injury, 

Cerebral Microbleeds, tumors, Vascular Malformations, 

Intracranial Calcifications, Infarcts, and Extra-axial 

Hemorrhage.2 In SWI, a phase mask from gradient recalled 

echo (GRE) MRI phase images are multiplied with the 

magnitude image.3,4,5 SWI has been used in cortical 

parcellation and to study the brain iron levels, calcification, 

and blood oxygenation of the cerebral venous system.6 SWI 

is sensitive to deoxygenated blood and intracranial minerals 
and, hence it is used in diagnosing the intracranial 

hemorrhage, stroke, traumatic brain injury, neoplasm, and 
multiple sclerosis.1,7,8,5,9  

Even though the phase and magnitude images were 

separate, they were critical information to avail the 

information available to radiologist.  
 

Methods  

Source of data  

A non-interventional observational study includes the data 

from 100 patients who came to Department of Radiology 
for diagnosis referred from Emergency and Neurology 

departments. This observational study collected the data 

from the medical records of the patient’s those usually visit 

to hospital for their disease management. The study 

obtained data retrospectively from the medical records, and 

hence ethical approval for this study was not required or 

waived.10 All patients undergoing brain imaging at our 

centre from all ages with symptoms of stroke and headache 

were analysed. Data from patients with claustrophobic, 

unwilling, with metal/cochlear implants/pacemakers, and 
pregnant women were excluded.  

MRI protocol 

All patients were subjected to brain MRI examination using 

GE Signa 3 Tesla MRI scanner. MRI Brain Stroke Profile 
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with FLAIR, DWI, ADC, SWAN, and Phase mask 
sequences, done.  

Image reconstruction in SW imaging  

HP filter was applied to delete the low spatial frequency 

components of background by using 64 X 64 lowpass filter 

divided into the original phase image (matrix size 512 X 

512). The door was open to differentiate one type of tissue 
to another type, based on it’s susceptibility.  

SWI sequence generates raw phase image, and magnitude 

image. The raw phase image contains background 

unwanted low frequency information. The filtered phase 

image is converted into a phase mask and combined with 

the magnitude image to form final SWI. SWI sequence 

generated phase, magnitude, SWI axial, and thick minimum 

intensity projection (mIP) images.  

Image and data analysis 

Two independent radiologists performed the qualitative 

evaluation of focal calcification and chronic microbleeds to 

assess signal intensities independently. Finally compared 

their findings to analyse the role of SWI in better lesion 
detection and characterization.  

 

Results  

All patients underwent MRI study with SWI sequence. Of 

183 cases, 33%(n=60) patients had microbleeds, 5%(n=10) 

patients had granulomas, 32%(n=58) patients had arterial 

thrombus with infarct, 11%(n=20) patients had falx 

calcifications, 11%(n=20) patients had intraparenchymal 

haemorrhage, and 8%(n=15) patients had infarcts with 
haemorrhagic transformation 

 

 

 

 

 

 

 

 
  

Figure 1. Phase Mask MR Image Analysis of Various Acute 

Stroke Patients. 

Cerebral Microbleeds  

We encountered 60 patients where SWI revealed multiple 

foci of ‘blooming’ suggestive of microbleeds, out of whom 

46 patients had a positive history of hypertension. The 

radiological diagnosis in these patients was chronic 

hypertensive encephalopathy/Amyloid angiopathy with 

multiple microbleeds (Figure 2). T2- weighted images 

reveal generalized prominence of the sulci, fissures, and 

cisterns with chronic lacunar infarcts in bilateral basal 

ganglia (solid black arrow) and non-specific white matter 

changes in the periventricular region and corona radiate 

(highlighted). T1-weighted images corroborate findings on 
T2-weighted images.  SWI reveals foci of magnetic 

susceptibility in bilateral basal ganglia, thus confirming 
chronic hypertensive encephalopathy (Figure 3). 

 
Figure 2. Magnitude and phase image information of acute stroke 
patients. (a). Case 1-Intraparenchymal haemorrhage in a patient 

with right hemiparesis. (b). Case 3-calcified granuloma in a 
patient with left hemiparesis-Mimic of cerebral microbleed. (c). 
Case 4-calcified granuloma in a hypertensive patient-mimic of 

microbleed. 

 
Figure 3. Magnitude and phase image information of acute stroke 

patients. (a). Case 8-Right vertebral artery(V4) thrombus. (b). 
Case 9-microbleeds in a patient with cerebellar infarct-Mimic of 
calcified granulomas. (c)  Case 10 microbleeds in a patient with 

hypertension and diabetes-Mimic of calcified granulomas
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Figure 4. Magnitude and phase image information of acute stroke 

patients. (a). Case 5-Arterial infarct with haemorrhagic 
transformation. (b). Case 6-Venous infarct with haemorrhagic 
transformation showing thrombosed cortical vein.  (c). Case 7-

Left ACA thrombus. 

 
Figure 5. Magnitude and phase image information of acute stroke 
patients. (a). Case 11 Falx calcification in a patient with suspected 
venous thrombosis-Mimic of superior saggital sinus thrombus .(b). 

Case 12-Venous infarct with haemorrhagic transformation 
showing thrombosed cortical vein. Case 12-Venous infarct with 
haemorrhagic transformation showing thrombosed cortical vein 

Infarcts 

Among the patients with acute and subacute infarct findings 

on conventional sequences, 32%(n=58) patients had arterial 

thrombus with infarct detected by SWI. Among these 

infarcts, the hemorrhagic transformation was detected in 15 

patients on SWI as well as conventional sequences. Both 
conventional sequences and SWI were equally sensitive in 
detecting hematomas (Figure 4).  

Calcifications 

20 patients were diagnosed with calcified granulomata and 

out of these SWI was useful in detecting 18 lesions that 

were indiscernible on other sequences. In remaining 3 

patients, low signal intensity was perceived on the 

conventional sequences (Figure 5). 

 

Discussion 

Our study results show that mask imaging can give critical 

information regarding differentiation of hemorrhage and 

calcification that could be significant in assessing acute 
stroke.  

Haacke et al.5 described that the phase images provide the 

accurate contrast between the gray and white matter and 

materials with susceptibilities which is different from the 

nearby tissue, such as hemorrhage, calcification, and blood 
vessels carrying deoxygenated blood.  

Chronic microbleeds are asymptomatic with diameter <5-

10 mm small bleeds. SWI proved as high sensitive to 

diagnose the chronic microbleeds. In our study, we 

identified 60 patients, where SWI revealed the multiple foci 

of ‘blooming’ suggestive of microbleeds, out of them 46 

patients had a positive history of hypertension. Whereas, a 
study by Sahdev R et al.11 encountered 32 patients where 

SWI revealed multiple foci of ‘blooming’ suggestive of 
cerebral microbleeds.  

Regarding the traumatic brain injury (TBI), the detection of 

huge intracranial hemorrhage has always been important for 

management.12 The paramagnetic properties of 
deoxygenated hemoglobin and blood degradation products 

(like intra-cellular hemosiderin and methemoglobin) make 

easy to exploit the magnetic susceptibility effects. Tong et 

al.13 found SWI to detect six times the number of 

hemorrhagic diffuse axonal injury lesions compared to T2*-

weighted 2D GRE imaging in seven children with traumatic 

brain injury. Thus, while larger hemorrhages may be easily 

visualized on CT14 and conventional MRI sequences, SWI 

is the only sequence available to detect smaller 

hemorrhagic lesions caused by shearing forces. Also, SWI 

has proved a useful adjunct in confirming the presence of 
extra-axial hemorrhage.15  

Regarding Vascular Malformations, SWI is superior to the 

conventional sequences in visualizing low flow vascular 

malformations like telangiectasias and venous anomalies.16 

These malformations are usually not visible even on 
conventional angiography.17,18  

In our study, among the patients with acute and subacute 

infarct findings on conventional sequences, 32% of patients 

had arterial thrombus with infarct detected by SWI. Among 

these infarcts, the hemorrhagic transformation is observed 

in 15 patients on SWI as well as conventional sequences. 
Whereas study by Sahdev R et al.11 revealed that 277 
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patients revealed positive findings on SWI. Among these, 

hemorrhagic transformation identified in 189 patients on 
SWI and conventional sequences. 

Regarding Intracranial Calcifications, discrimination 

between the iron and calcium was difficult even on SWI 
sequences. In our study, 20 patients were diagnosed with 

calcified granulomata, and out of these, SWI helped detect 

18 lesions that were indiscernible on other sequences. In the 

remaining two patients, low signal intensity was perceived 

on the conventional sequences. Whereas study by Sahdev R 

et al.11 revealed, 128 patients were diagnosed with calcified 

granulomata, and out of these, SWI was useful in detecting 

46 lesions that were indiscernible on other sequences. Zhu 

WZ et al.19 described that calcification and hemorrhage 

manifested the low signal on SWI. They presented opposite 
signal features on the corrected phase images.  

Detecting a hemorrhagic component in a region of the 

infarct is a contraindication for IV thrombolysis20-

demonstration of an arterial thrombo-embolic clot in acute 

stroke to differentiate it from atheromatous calcification. 

Phase mask image accurately detects micro-hemorrhages 

from calcified granulomas, in predicting the probability of 
potential hemorrhagic transformation. Falx calcification is a 

significant mimic on SWI images, differentiated from 

venous sinus thrombosis, where phase mask image plays a 

major role. Acute stroke patients with intra-parenchymal 

bleeding must be differentiated from calcifications. 

Thrombosed cortical veins are better appreciated in venous 

infarcts which helps in assessing the prognosis. 

 

Conclusion 

Phase mask imaging plays a major role in the 

differentiation of calcifications from the haemorrhages. 

Phase mask imaging acts as a supplement tool in acute 

stroke patient which guides further management. 
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