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Introduction
Lesion with small bleeding (microbleeds) such as axonal injuries, or 
cerebral amyloid angiopathy, are sometimes important for forensic 
medicine. These lesions are difficult to detect macroscopically and 
tomographic imaging  is expected to be good guide for microbleeds. 
MRI is the best for detecting this entity due to ability for emphasizing 
susceptibility. T2*WI can emphasize susceptibility but it cannot 
distinguish micro bleeds from small calcification.

Importance of microbleeds

T2*WI
T2*WI is more detectable than GRE-T1WI.

3D GRE-T1WI



Generally, T2*WI or Susceptibility Weighted Image (SWI) is used 
detect bleeding. 

QSM is recently developed imaging methods for quantifying tissue’s 
magnetic property. QSM is calculated by magnitude image and phase 
image.  

Hemorrhage and calcification differ in phase shift. 
QSM can quantify this phase shift difference and produce images that 
include the information. 

The aim of this study is to evaluate the ability to detect small 
calcifications and microbleeds using QSM-MRI.

Introduction Quantitative susceptibility mapping (QSM)
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①　0.1~0.3mm 
②　0.5~1.0mm 
③　1.0~1.5mm 
④　＞2.0mm 
⑤　SPIO

Materials Phantom design

Agar 2%

We placed agarose (2%) solutions in a circular PVC container. 
When the agarose had hardened, we used a straw to poke 30mm 
holes in it. 
Lime stone crushed to different sizes was placed ① - ⑤ holes. 
And SPIO (superparamagnetic iron oxide) had placed in ⑥ as 
hemorrhage.



CT
Methods

MRI

Scan conditions

Ingenia 3.0T (Philips) 32ch torso coil
Slice 

Thickness 
[ mm ]

Matrix 
(Freq)

Matrix 
(Phase)

TE 
[ ms ]

TR 
[ ms ]

SWI 1 0.89 0.72 24 38

multi echo 
GRE 1 0.94 0.92

3.1 
(delta 2.8) 32

SOMATOM Definition Flash (Siemens) 
64 row multi-detector
Slice 

Thickness 
[ mm ]

kV mAs Pitch
Rotation 
Time 
[ sec ]

1 mm 100 200 0.8 1.0



Methods①
Phantom was scanned by CT and MRI.  
Imaging parameters are listed slide No 6.  

The area of calcification were measured from CT, T2*WI and SWI.  
CT and MRI were scanned 1 mm slice thickness. 
All images were binarized using ImageJ. 
The area of calcifications were measured 10 consecutive slices, 
and average area were calculated.  

Regions of interests (ROIs) were put on low density area in each 
images.

Area measurement

CT (0.5~1.0mm)
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Methods② Distinguish between calcification and iron

QSM were generated from T2*WI (multi echo GRE) and SWI, 
using “STI suite” on Matlab. (http://people.duke.edu/~c1160/) 

Phase shift were measured with same ROIs on QSM. 
Phase shift of calcification and SPIO were compared. 
 
SWI is overestimated compared to T2*WI, so QSM was 
performed using T2*WI.

Statistics: Student’s t-test was used for all statistical analysis.  
P<0.05 was considered to be statically significant.



[ mm2 ] 0.08 58.76 72.16 79.12 647.5

[ mm2 ] 2.56 76.08 199.8 130.44 1622.5

[ mm2 ] 17.34 72.32 278.76 212.28 2068.1

>2.0 mm SPIO

Results ①

CT

MRI 
(SWI)

0.1 ~ 0.3 
(mm)

0.5 ~ 1.0 
(mm)

1.0 ~ 1.5 
(mm)

MRI 
(T2*WI)

Area measurement



Results ① Area measurement
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[ HU ] [ ppm ]CT QSM (T2*WI)

P < 0.05
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NS NS NS NS



A comparison of detection areas showed that MRI detected a 
predominantly larger average area at all sizes. 
In generally, the resolution limit of CT is 0.35 mm. 
Calcification particles in the size range of 0.1 - 0.3 mm were not 
detected by CT, but were detected by MRI. 
We think that MRI was able to detect small particles by shortening 
the T2* value due to the effect of magnetic susceptibility. 

However, MRI overestimates the area due to the effect of magnetic 
susceptibility. It should be noted that although the detection rate is 
high, the size of the particles is not accurate. 

Area measurementDiscussion①
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2.72 mm 3.54 mm 4.81 mm



Discussion②

Different sizes of calcified particles in CT caused differences in CT 
values. We think that this is due to the partial volume effect. It is not 
suitable for discriminating between different compositions because 
of the size difference. 

In MRI, both images showed a low signal on the magnitude images 
and could not be discriminated from each other. 

The hemorrhage component has a lager phase shift than the 
calcified particles due to the magnetic susceptibility of the 
hemosiderin. 

Using QSM, the phase shifts were predominantly different and could 
be discriminated between the two.

Distinguish between calcification and iron



Conclusion

・MRI showed higher detectability than CT. 
・0.1~0.3 mm calcification was not detected by CT, but MRI can it. 
・QSM can discriminate calcification and microbleeds. 

The usefulness of QSM-MRI for the detection and differentiation 
of microbleeds leading to the cause of death unknown by CT 
was suggested. 
The present study is a phantom study and needs to be validated 
on the body in the future.
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