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The Role of SWI and SWIM in Imaging
Neurodegenerative and Neurovascular Disease



 Clinical applications of SWI and SWIM
 See www.swim-mri.com

 The role of abnormal venous flow in 
neurodegenerative diseases: MS as an example

 See www.ms-mri.com
 Our work in Detroit at Wayne State University
 See www.mrc.wayne.edu



SWI

Haacke EM et al. Susceptibility weighted imaging. Magnetic Resonance in 
Medicine, 52: 612; 2004. 

Susceptibility Weighted Imaging 

 Enhances the presence of 
ferritin, hemosiderin and 
deoxyhemoglobin 

 Exquisite images from which 
brain damage, microbleeding 
and increases in 
deoxyhemoglobin can be 
diagnosed



7T  SWI

215µ x 215µ x 1000µ
TE = 16ms
TR = 45ms
FA = 25°

8 slice mIP

Image courtesy of  Yulin Ge
New York University



High resolution MR angiography



11) Salamon, G., 1971. Atlas of  the arteries of  the human brain. Sandoz, Paris.

250μ x 250μ x 500μ





MRA short echo SWI RP-DP MRA

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 a resolution of  
0.5mm x 0.5mm in-plane and 
1mm thick slice.
0.5mm in-plane resolution.

Images courtesy of Yongquan Ye, PhD

RP-DP MRA





1st TE FR – 2nd TE FD SWI like mIP



STAGE_CIT_9_SIAT



• STAGE imaging (version 1) provides co-registered T1W, PDW, 
T1 MAP, PD MAP, R2* MAP, SWI, MRA SWIM and FLAIR 
images covering the whole brain with a resolution of  0.7 x 1.4 x 
2.0mm3 and 64 partitions in 9 minutes.

• Protocol B1: TE=7.5ms/18.5ms, FA=6o,  2.5 minutes
• Protocol B2: TE=8.5ms/17.5ms, FA=24o, 2.5 minutes
• Protocol B3: TE=12.5ms, FA=12o, Interleaved 

rephased/dephased, 4 minutes.
• Data processing is using SPIN software from MR Innovations.



Folder Contents

01_T1W_1 T1 weighted. This is the 1st echo of B2.

02_T1W_2 STAGE T1 weighted image from B1 and B2.

03_PDW Proton density weighted. This is the 1st echo of B1.

04_T1MAP T1 MAP. T1MAP and PDMAP are calculated from the 1st echoes of B1 and B2.

05_PDMAP PD MAP. T1MAP and PDMAP are calculated from the 1st echoes of B1 and B2.

06_SWI MinIPed/unMinIPed SWI. SWI is from the 2nd echo of B1. 

07_tSWI MinIPed/unMinIPed tSWI. tSWI is from the 2nd echo of B1 using the SWIM mask.

08_SWIM MaxIPed/unMaxIPed SWIM. SWIM is from the 2nd echo of B1.

09_MRAV MaxIPed/unMaxIPed MRAV. MRAV is the subtraction of 1st and 2nd echoes of B3.

10_tMRA MaxIPed/unMaxIPed MRA. tMRA is the subtraction of tSWI and 2nd echo of B3.

11_R2starMA
P

R2 star MAP is calculated from the two echoes of B1.

12_simFLAIR Simulated FLAIR images from T1, PD and T2* values.

R1_T1MPR T1 MP RAGE, STAGE extensive protocol.

R2_T2TSE T2 TSE, STAGE extensive protocol.

R3_T2FLAIR T2 FLAIR, STAGE extensive protocol.



A: T1 MP RAGE, the reference T1W;
B: T1W from 1st echo of  B2; 
C: STAGE Enhanced T1W from B1 and B2.

A                                                     B                                                  C



A: STAGE T1W from the shorter echo of  B1 and B2.
B: STAGE T1W from the longer echo of  B1 and B2.
C: STAGE Enhanced T1W from the both echoes of  B1 and B2. This STAGE 
enhanced T1W gives a better GM/WM contrast and a good SNR in the meantime.

A                                                     B                                                  C



A: T1 MAP; 
B: PD MAP; A and B are from the 1st echoes of  B1 and B2.
C: PDW from 1st echo of  B1.

A                                                   B                                                      C



A: T2 TSE, the reference scan; B: T2 FLAIR, the reference scan; C: Simulated FLAIR 
using the T1, 0 and T2* values. 
An simulated IR pulse with given TI is to suppress CSF. 

A                                                   B                                                  C



A: SWI from 2nd echo of  B1, a MinIP over 15 slices.
B: SWIM from 2nd echo of  B1, a MaxIP over 15 slices.
C: tSWI from 2nd echo of  B1, a MinIP over 15 slices.

A                                                   B                                                   C



A to C: SWIM masked MRA from the subtraction of  the two echoes of  B3, a MaxIP 
over 15 slices. Veins contamination can be minimized by using a SWIM mask on the 
MRAV image. See the 09_MRAV and 10_tMRA folder.

A                                                    B                                                     C







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

SWI QSM

SWI of arteries with P904 QSM of arteries with P904

Past 
20  

Years

Future 
20  

Years



SWIM (susceptibility maps) showed hydrocephalic subcortical penetrating arterioles
(top row) and striate arteries (bottom row) enhanced at 50 minutes (central column)
and 1.5h (right column) compared to pre (left column). The dextran remained in the
CSF channels, LV, 3rd ventricle aqueduct, 4th ventricle and resulted in higher
concentration and permeated to the parenchyma from the CSF channels.

The susceptibility of the veins increases and may represent iron in the CSF around
the veins and possibly in the venous wall as well.



 These results support our earlier work suggesting that
water transport into the ventricles is secondary to the
increased osmotic load caused by an increase in the
amount of macromolecules in the ventricles.

 This study confirms that intra-ventricularly injected Fe-
Dextran is transported into the brain tissue prior to
clearance into the vascular system.

 Finally, clearance appears to be from the CSF across the
venous wall as evidenced by the increase in iron
content in the veins over time.



MICRO
“Microvascular In-vivo Contrast Revealed Origins”



Image courtesy of  Yulin Ge and NYU. 

A



Comparison of  MRAV using SWI and cadaver brain dye injection. 

a) Georges Salamon’s image of  arteries in the human brain. b,c,d) Data from TE = 8ms with 
0.1mm x 0.2mm x 1.25mm at 7T. b) MRA pre-contrast, c) mIP post-contrast SWI for 4mg 
ferumoxytol and d) mIP pre-contrast. Note that c) is a mixture of  arteries and veins. However, 
the thalamic arteries are clearly highlighted in the post-contrast image. Image d) can be used as a 
guide as to where the veins are since it is a pre-contrast SWI.

b

c d



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

Figure 3. 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



Intracerebral/Intraventricular
Hemorrhage

Periventricular / venous 
thrombosis/infarction 

Placental 
Insufficiency

Vein of  Galen / A-V 
Malformations

Perinatal
Infection/inflammation

Focal or global 
Hypoxic-Ischaemic

Injury

Fetal brain injury, due to Hypoxic-Ischaemic (HII) or hemorrhagic events, may be 
associated with  debilitating neurological sequelae post partum. Early detection and 

possible quantification of  HII in-utero may help predict outcome

Coagulopathy

Volpe, J.J., 2009. Brain injury in premature infants: a complex amalgam of  destructive and 
developmental disturbances. Lancet Neurol. 8, 110–124.



Pilot scan on the left, effective transverse SWI on the right: 37 weeks 1 day



Development of  the 
Venous System as a 

Function of  
Gestational Age

GA – 34 4/7 GA – 37 1/7

GA – 31 4/7GA – 28 2/7GA – 24 5/7

J. Neelavalli et al. MR venography of  fetal brain using SWI. JMRI 40: 949, 2014.



MRA – 3D - Time of  Flight Angiography

Carotids

Vertebral arteries

Sagittal Sinus

Middle Cer
Artery

Animation  of  the  original time of  
flight MRA data

Maximum Intensity Projection Image

Resolution – 0.8 x 0.8 x 1.6 mm3



GA 37 weeks
Fetus

Placenta



Non contrast enhanced MR angiography images of the heart 
and the major vessels in human fetus.

scale
~ 4 mm



In-vitro CTA of a placenta where chorionic vessels are 
visualized axially. This image is taken from 
http://embryology.med.unsw.edu.au/embryology/inde
x.php?title=ASA_Meeting_2013_-_Placenta

With our MR angiography technique, in-vivo 
the chorionic artery along with its secondary 

branches is visualized



Vessels on the uterine surface of the placenta (Gestational Age: 36 weeks  5 days ). 



T2 SWI

Neonatal encephalopathy

2 day old infant

SWI- Venography in Pediatric Population



Guangbin Wang M.D. 
Shandong Medical 
Imaging Research 

Institute

T1 T2

PRE POST



3D-T1              Post Gd  3D T1                SWI (no contrast agent)

Czabo Juhasz, Yang Xuan and Dr. E. Haacke, Wayne State University



Haacke Blast May 15, 2008

SWI
T1 PC



Z. Kou et al. The Role of  Advanced MR Imaging Findings as Biomarkers of  
Traumatic Brain Injury (TBI). J. Head Trauma Rehabil. 2010 - 25:267-282.



T1 pre contrast

T1 post contrast

FLAIR

SWI magnitude



Deep venous anomaly in a healthy control



SWI SWIM

 SWI enhances the presence of ferritin, hemosiderin and deoxyhemoglobin 

 Exquisite images to diagnose microbleeds and abnormal oxygenation levels



Iterative SWIM single slice

Iterative SWIM single slice

SWIM single slice with boundaries

SWIM single slice with boundaries

MIP Iterative SWIM over 4 
slices

MIP Iterative SWIM over 4 
slices
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Substantia Nigra (SN) Region II Iron content 
in PD and Controls from SWIM 

The plots show region II (high iron 
region) content plotted as a 
function of  age for 15 PD (red) and 
174 controls1 (green) for right 
(upper) and left (lower) SN.

The regression line for the PD 
group shows a higher slope which 
may indicate an increased rate of  
deposition from the onset.

1. Liu M, Liu S, Ghassaban K, Zheng W, Dicicco D, Miao Y, et al. Assessing global and regional iron content in deep gray 
matter as a function of  age using susceptibility mapping. J Magn Reson Imaging. 2016 Jul;44(1):59-71.

Right substantia nigra

Left substantia nigra



SWI-Magnitude SWI-Phase

SWI-mIP T2



SWI minIP image projected 
over 16mm

The First Clinical Applications of SWIM in 
Traumatic Brain Injury (TBI)

Corresponding MaxIP 
susceptibility map image 

projected over 16mm

Cerebral Microbleeds: Pathophysiology to Clinical Practice (Cambridge 
Medicine) Editor, David J. Werring, 2011, ISBN-13: 9780521198455



Tumor 
draining/feeding 
vessels

T1 subtraction 
maximum 
intensity 
projection  image

Flash 3D T1
weighted pre-
Gadolinium 
series

Flash 3D T1 
weighted post-
Gadolinium 
series

The 3D sequence allows better coverage of  the tumor volume and pre-
post contrast imaging allows exact subtraction revealing enhanced 
regions and in some cases even feeding/draining vessels.



► It is now believed that up to 35% of dementia cases 
may be caused by vascular dementia.

► We see microhemorrhages as a means to predict who 
will get Alzheimer’s disease.

► These may lead to “cognitive strokes”.
► Hopefully this work will lead to collaborations with 

the pharmaceutical industry to come up with 
neuroprotective drugs that will strengthen the vessel 
wall or help to prevent its degeneration.



50µ objects can manifest as 1mm3 objects



time to go sailing
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MRI scan date: 2013.01.04

MRI scan date: 2013.01.11

Two scans from same stroke patient

MTT

SWI

SWI
MTT



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) true 
SWI

First echo MRA like signal

First echo SWI phase image



Carotid vessel wall plaque, TE = 5ms

Imaging vessel wall using SWI and SWIM11,12

TE = 15.6ms
0.5mm x 0.5mm x 1mm 
sagittal acquisition
8 minutes without parallel 
imaging 
2008 time frame
0.37 radian phase shift



Carotid artery SWI and SWIM:
Images courtesy of  Hyun Seok Choi and Eo-Jin from Seoul, Korea 

This may be a case of  vulnerable plaque. 
Here you can see what appears to be a small thrombus on the inside wall. 
If  that is the case, it could break off  and become an embolus causing a stroke. 
SWIM validates it is iron and therefore likely blood. 

magnitude SWIM

MRA

phase

phaseFlow compensated, TE  
= 5ms with an inplane 
resolution of
0.5mm x 0.5mm and 64 
slices 2mm thick
Scan time 4min, 36sec 





MinIP of  caffeine/Gd over 28 slices with 4 phase multiplications

SWI PRE 
CAFFEINE

SWI POST 
CAFFEINE

SWI as a high resolution BOLD imaging method



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 throughout the 
brain. 

SWI

SWIM

Imaging veins and blood products using SWI and SWIM:
Challenging the neurovascular system4

Caffeine:  flow change = − 27% ± 9% and ΔY = − 0.09 ± 0.02 
Diamox:   flow change = +40% ± 7% 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. 



Green - deoxyhemoglobin levels in the veins
Blue represents iron in the basal ganglia and midbrain

Vein of Galen

Superior sagittal 
Sinus

Straight Sinus

Basal ganglia



Green - deoxyhemoglobin levels in the veins
Blue represents iron in the basal ganglia and midbrain



A 32-year-old female with headache and intracranial hypertension. 
Occlusion of  the left transverse sinus (CE MRAV, A) and APCVs on 
the mIPped-SWI images (B). The susceptibility value of  the 
ipsilateral pial veins measured 159±60 ppb and the contralateral 
measured only (131±43) ppb.

Headache can be associated with bad venous vasculature




