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 Susceptibility weighted imaging (SWI) has 
been recognized as the most sensitive means to 
detect microbleeds (CMBs), calcium and 
changes in oxygen saturation.

 The appropriate use of phase images makes it 
possible to quantify the amount of iron in 
CMBs and changes in oxygen saturation.

 The use of both SWI and SWIM (a form of 
quantitative susceptibility mapping or QSM) 
for iron quantification can also aid in the 
detection and classification of CMBs. 



SWI mIP

SWIM MIP

SWIM/QSM removes the geometry 
dependence of phase information 
and provides source information 
making quantification of iron and 
calcium possible. 

SWI and SWIM offer better 
detection and quantification of:
• Blood products
• Mineralization
• Calcification
• Oxygen saturation

SWIM MIP

E.M. Haacke, Y. Xu, Y.C.N. Cheng, and J. Reichenbach. Susceptiblity Weighted Imaging (SWI). MRM 2004; 52:612-618.
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Interpreting magnitude, phase and SWIM data 

Magnitude Phase SWIM MIPSWIM
CBA D

A non spherical CMB shape results in irregular phase behavior which can lead 
to a complicated dephasing and shape in T2* weighted images. In this example, 
one might think there are two separate CMBs, however there is just one.

Haacke EM, Liu S, Buch S, Zheng W, Wu D, Ye Y. Quantitative susceptibility mapping: current status 
and future directions.Magn Reson Imaging. 2015 Jan;33(1):1-25. doi: 10.1016/j.mri.2014.09.004.

High iron content can lead to significant dephasing and increasing the 
effective size of the CMB (this is referred to as the blooming effect). 
However, if there is enough phase information, the appearance of the CMB in 
SWIM will be closer to the actual size of the CMB. 



MRA short echo SWI

SWI only veins At 3T, veins are more naturally 
suppressed because they have 
T2* = 25ms while arteries have 
a T2* closer to 70-80ms. Images 
acquired with isotropic in-plane 
resolution of  0.5mm x 0.5mm 
in-plane and TH = 1mm.

Images courtesy of Yongquan Ye, PhD

Simultaneous MRV and 
MRA using a double 
echo interleaved SWI 
rephased/dephased

sequence

E.M. Haacke and Y. Ye. The role of susceptibility weighted imaging in 
functional MRI. Neuroimage. 2012; 62(2):923-929 PMID: 22245649. 



Simultaneous MRV and 
MRA using a double 
echo interleaved SWI 
rephased/dephased

sequence

MRA short echo SWI RP-DP MRA

SWI only veins
With no contrast agent 
the interleaved double 
echo sequence offers 
excellent background 
suppression to give a 
superb MRA and SWI.

Images courtesy of Yongquan Ye, PhD

RP-DP MRA



Imaging veins and arteries using double echo SWI
Thrombus dominates the SWI 
image (TE = 7.5ms)

Note the asymmetrically 
prominent cortical veins

Thrombus dominates the 
SWIM image (TE = 7.5ms)

First echo MIP

Second echo (17.5ms) tSWI

First echo magnitude

First echo SWI phase image 
showing the MCA wall

Dongmei Wu et al., MRM, 2016. Images courtesy of Meiyun Wang, MD.



A threshold of 200ppb captures 90% or the bleeds and removes 90% 
of the cerebral vessels. Using this threshold, one can help to 

differentiate CMBs from vessels (Liu et al, J Neurotrauma, 2016). 



CMBs should meet the following criteria:
 Round or ovoid in plane and through plane
 Black on T2*W MRI possibly with blooming artifact
 Dipole effect in SWI phase
 Bright on SWIM
 Not continuous with venous structures
 At least half surrounded by parenchyma or CSF and not air
 Distinct from other potential mimics
 CMB diameter <5mm 
 Susceptibility larger than 200ppb



 CMBs should be identified by simultaneously viewing:
 SWI phase
 SWI magnitude
 SWI composite
 SWIM
 Conventional imaging 

 Coronal and sagittal projections should be viewed in MPR to 
determine connectivity with surrounding structures

 Maximum and minimum projections should be viewed of the 
SWIM and SWI data, respectively. 



SWI SWIM

Schweser F, Deistung A, Lehr BW, Reichenbach JR. Differentiation between diamagnetic and paramagnetic 
cerebral lesions based on magnetic susceptibility mapping. Med Phys. 2010; 37(10):5165-78.

Types of CMB Mimics How to differentiate CMBs from Mimics
Calcium (diamagnetic) Phase and SWIM 

Flow voids mIP/MIP projections and SWIM
Local iron deposition Thresholding on SWIM

Iron laden white matter lesions Thresholding on SWIM 
Cusp artifact Appearance of magnitude and phase



Site TBI Type
# of 
Subjects

# of Subjects with SWI 
Lesions Prevalence (%)

Monash University Mild to Severe 20 15 75

Lona Linda University Mild to Severe 72 23 32

Confidential Mild/Concussion 150 15 10

DoD/Wayne State 
University Mild 42 5 12

Wayne State University/ 
Center for Neurological 
Studies Persistent Mild 171 18 11

• How important are microbleeds?
• Most normals or patients who have them have only 1.
• Maybe it would be more useful to quantify the percentage with 2 or more?
• What is the cause of these and is the surrounding territory affected? 
• Is there an effect on local perfusion that could correlate with patient outcome?
• Why does FLAIR rarely show any water content changes in these regions?
• Could resting state fMRI study the networks affiliated with a given CMB 

location and see if these networks correlate with outcome?



Zivadinov et al, 2016, Radiology CMBs in MS Evaluated on SWI and QSM Maps. 
50 years or older, 206 MS patients 41 had CMBs (20%); 81 HCs 6 had CMBs (7.4%). 
50 years or younger, 239 MS patients 10 had CMBs (5%); 96 HCs 3 had CMBs (3%).

Yang et al. 2015 Neurological Research, 37, 403
14.6% of stroke outpatients (1289 sample size)
<50 yrs: 1.3%      50-59 yrs: 10.7%      60-69 yrs: 17.6%      >70 yrs: 23.6%

Ham et al. 2014 J Neurol 261, 1628
15% PD patients with normal cognitive function average age 69 (123 sample size)
12% healthy controls average age 70 years (49 sample size)

Casson et al. 2014 Sports Health, 6: 384
NFL players – 9%  ages 30 to 60 (45 sample size)

Trifan et al, MRI in review
11% of 171 persistent mild TBI and 2% of 94 normal controls exhibited CMBs



 G. Riedy et al. Findings in structural MRI in Military TBI. 
Radiology, 2016.
 688 reported one or more blast related incidents
 51.8% had WMH
 7.2% had microhemorrhages

 W. Liu et al. Imaging cerebral microhemorrrhages in 
military service members with chronic TBI, Radiology, 
278, (2), 2016.
 Among 603 TBI patients 43 had CMBs
 451 of 585 CMBs were more apparent on SWI data 



Mixed Mild to Severe TBI
23 of 72 (32%) subjects had positive findings

SWISWIMSWIMMagnitude



A. Griffen, MRI evaluation of microbleeds reveals only the tip of 
the iceberg: A 3D histological analysis.  Poster 52a. 



200mg caffeine pills (a, d) 
or 1000mg diamox IV 
injection (c, f). 

Compared to the control 
condition (b, e), significant 
oxygen saturation changes 
are observed post-challenge 
on veins in the brain (Buch
et al, Quantifying changes 
in oxygen extraction 
fraction and cerebral 
activity caused by caffeine 
and acetazolamide JCBFM, 
2016).

SWI

SWIM

Measuring oxygen saturation with SWIM:
Challenging the neurovascular system 

Caffeine:  flow change = − 30% ± 5% and ΔY = − 0.09 ± 0.02 
Diamox:   flow change = +31% ± 3% and ΔY = +0.10 ± 0.01



a

b

c
MIPs of SWIM data over 8mm. The data where collected at 
3T with TE=14.3ms and a voxel size 0.5x0.5x0.5mm3. 

OXYGEN EXTRACTION FRACTION



MRI scan date: 2013.01.04

MRI scan date: 2013.01.11

TWO SCANS - SAME STROKE PATIENT

MTT

SWI

SWI
MTT



Venous oxygen saturation evaluation
• Stroke case

Decreased oxygen saturation in asymmetrically prominent 
cortical veins in patients with cerebral ischemic stroke.

Xia S, Utriainen D, Haacke EM, et al.  
Magn Reson Imaging. 2014 Dec; 32(10):1272-6.



Venous oxygen saturation evaluation

• Stroke cases

Decreased oxygen saturation in asymmetrically prominent 
cortical veins in patients with cerebral ischemic stroke.

Xia S, Utriainen D, Haacke EM, et al.  
Magn Reson Imaging. 2014 Dec; 32(10):1272-6.



The rapid STAGE protocol consists of collecting the data 
with a resolution of: 0.7 x 1.4 x 2.8mm3 and 48 partitions.

The basic protocol consists of the follow SWI scans:
• B1: TE=7.5ms/18.5ms, FA=6o,  2 min

• B2: TE =7.5ms/17.5ms, FA = 24o, 2 min

• B3: TE=5ms rephased/17.5ms dephased, FA=24o, 2 min

• Data Processing by SPIN software

STAGE Imaging: Whole Brain 
Coverage in 6 minutes



The rapid STAGE protocol can be augmented by adding:

• One of FLAIR or SPIN ECHO 2D or 3D scans in 2 minutes

• DWI in  2 minutes

and for stroke cases, if thought appropriate

• PWI in 2 minutes

Data Processing done by using our SPIN software.

Augmented STAGE Imaging: Whole Brain 
Coverage in 10-12 minutes



STAGE short protocol = 6 minutes total scan time 

STAGE IMAGING

T1 SWI SWIM

T1 map R2* map MRA

T2

ADC map

Add 3 more minutes…

6 minutes scan time based on 0.67x1.34x2.68 resolution 



YM Shen et al, USPIO Neurovascular Imaging: CJMR 2014: 31, 20-31

SWI

SWI of  arteries with P904 QSM of  arteries with P904

Past 
20  

Years

Future 
20  

Years

IMAGING ARTERIES WITH SWI USING P904
QSM



MICRO  
“Microvascular In-vivo Contrast Revealed Origins”

Data collected with Ferumoxytol by Yulin Ge, MD at NYU.
100μ x 200μ x 1250μ, acquisition time roughly 15 minutes.
4mg of Ferumoxytol (normal dose 16mg) images acquired at 7T.



Ferumoxytol enhanced MRAV

Image courtesy of  Yulin Ge MD, NYU. 



The process of  separating arteries from 
veins from pre/post Ferumoxytol images.

MICRO data acquired at 7T with TE = 8ms and a
resolution of 100μm x 200μm x 1.25mm.

(A) MIP of pre-contrast original magnitude image
(1st echo) showing the arterial signal (red).

(B) Post 4mg/kg Ferumoxytol MICRO image.
(C) Basal ganglia arteries from the cadaver brain

work of Georges Salamon (1971).
(D) mIP of pre-contrast SWI shows veins only.
(E) Post-Ferumoxytol SWI (2mg/kg) showing both

veins and arteries including small arterioles
(red arrowheads) and venules (blue
arrowheads).

(F) Post-contrast QSM showing higher
susceptibility values in veins than in arteries.

Our goal is to track both arteries and veins, and use
this to study microvascular disease at 3T.

Arteries, arterioles and venules are now visible
thanks to the susceptibility contrast and blooming
effect from Feuromxytol.

A B C

D E F



Conclusions

 SWI and SWIM offer the means to detect and 
monitor CMBs.

 SWI detection of CMBs may impact treatment.
 STAGE imaging can image TBI in 10 minutes.
 MICRO imaging offers a new means by which 

to study the brain’s microvasculature.
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