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Susceptibility-Weighted Imaging (SWI) is 
a new means to enhance MR imaging 
contrast by taking advantage of phase 
information induced by local susceptibil-
ity changes between tissues and veins 
[1]. In many studies [2], SWI has been 
proven to be of great value in the evalu-
ation of various neurologic disorders, 
including traumatic brain injury (TBI), 
coagulopathic or other hemorrhagic dis-
orders, vascular malformations, cerebral 

1 A 55-year-old man with cirrhosis caused by hepatitis B. (1A) Transversal T1-weighted imaging (flip angle 70°, TR/TE 140/2.46 ms) failed to 
demonstrate low-signal-intensity nodules. (1B) T2-weighted imaging (flip angle 122°, TR/TE 3700/84 ms) was affected in its ability to detect 
nodules because of the low contrast in the liver (1C) Transversal T2*-weighted imaging (flip angle 20°, TR/TE 150/10 ms) and (1D) transversal SWI 
(flip angle 20°, TR/TE 150/10 ms) showed innumerable low-signal-intensity nodules and only SWI showed nodules with diameter less than 2.5 mm, 
based on the signal void (white arrows). Images courtesy of Zhongshan Hospital.

infarction, neoplasms, and neurodegen-
erative disorders associated with intra-
cranial calcification or iron deposition. 
However, the rest of the body also offers 
a myriad of possibilities for SWI such as 
imaging vessel walls [3], imaging 
nerves, imaging calcium and imaging 
iron deposition in the heart and liver [4].
Imaging the brain with SWI has been a 
challenge because the amount of iron 
there (except for microbleeds) is quite 

small and requires very long echo times 
to image (especially for imaging the 
oxygen saturation in vessels and ferritin). 
Imaging iron in the liver, however, lies at 
the opposite end of the spectrum espe-
cially for imaging cirrhosis or hemachro-
matosis where iron concentrations can 
exceed 1 mg  /  gm tissue. The advantage 
of using the phase information, espe-
cially in the cases of high iron deposi-
tion, is that even for very short echoes 
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(at least where signal remains) phase 
information can play a role in monitor-
ing not only the presence of iron but 
the amount of iron present as well [5]. 
In this case, the challenge is imaging the 
tissue with short enough echo times so 
as not to lose all signal in a liver affected 
with high iron overload. The purpose of 
this article is to introduce the reader to 
a practical version of SWI in the liver 
using a 2D breathhold multi-echo gradi-
ent echo scan. 
In hepatitis, iron deposition (siderosis) 
often occurs within reticuloendothelial 
cells, as ferritin is mobilized from dam-
aged hepatocytes [6–8]. However, in the 
cirrhotic liver, iron accumulates within 
regenerative or dysplastic nodules 
referred to as ”siderotic nodules“ (SN). 
Some findings suggest increased iron 

deposition may be a biomarker for the 
degree of underlying chronic liver dis-
ease [9–11]. 
Siderotic nodules can be detected with 
variable sensitivity using ultrasound, CT, 
T1-weighted gradient echo (GRE), 
T2-weighted fast spin echo, and T2*-
weighted GRE MRI [10, 12–17]. To date, 
using T2* with long echoes (TE > 9 ms, 
at 1.5T) and low flip angles (< 45°) has 
been the method of choice at 1.5T. Our 
approach has been to use 2D breathhold 
SWI with short echoes to assess SN at 
the more challenging field strength of 
3T. Imaging at 3T is tougher in this case 
because the susceptibility effect is pro-
portional to the product of echo time 
and field strength [18]. Imaging a fixed 
amount of iron at 1.5T with an echo 
time of 20 ms before losing signal would 

require an echo time of 10 ms at 3T. This 
limits the resolution that is possible. As 
will be seen here, the current system 
limits do not prevent rapid high resolu-
tion imaging of the liver with SWI to 
image siderotic nodules.
A standard 12-channel body matrix coil 
was used for imaging on a Siemens 3T 
MAGNETOM Verio system. Imaging 
included pre-contrast transversal 
T1-weighted 2D GRE (flip angle 70°, TR/TE 
140/2.46 ms), transversal T2-weighted 
fat-suppressed 2D turbo spin echo (TSE, 
flip angle 122°, TR/TE 3700/84 ms, echo 
train length (ETL) 9), transversal T2*-
weighted 2D GRE (flip angle 20°, TR/TE 
150/10 ms) and transversal abdominal 
2D SWI (flip angle 20°, TR/TE 150/10 ms). 
For all sequences, the following para-
meters were used: Field-of-view (FOV) 

2 A 51-year-old man with HCC in cirrhotic liver (secondary to hepatitis B). (2A) transversal T2*-weighted imaging (flip angle 20°, TR/TE 
150/10 ms) shows few nodules; (2B) transversal SWI (flip angle 20°, TR/TE 150/10 ms) shows innumerable low-signal-intensity nodules 
(arrows). Images courtesy of Zhongshan Hospital.
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380 × 285 mm2; matrix 320–384 × 250; 
30 slices, slice thickness 5 mm with 
a gap of 1 mm. Two to three 15–20 
seconds breathhold acquisitions were 
acquired to cover the liver. 
Our new multi-echo, multi-slice 2D GRE 
sequence with SWI reconstruction** was 
used for abdominal SWI. A complete 
scan consisted of a concatenation of 
3 adjacent 10-slice transversal acquisi-
tions each taking 16 seconds, an easy 
breathhold period. In total, 30 slices 
could be acquired in less than 1 minute: 
20 seconds for 3 breathholds (6 seconds/
per), 3 breathhold instructions (3 sec-
onds/per) and 2 breaks (5 seconds/per) 
between every two breathholds.
We evaluated 40 patients who had cir-
rhosis from a variety of causes including 
hepatitis B (n = 28), hepatitis B and C 
(n = 3), and hepatitis B surface antigen 
carriers (n = 9). To compare the number 
of small nodules, a single representative 
slice was chosen from the 30-slice T2*-
weighted GRE dataset which was, by 
consensus, felt to subjectively contain 
the most SN. Conventional T1, T2, T2* 
were analyzed along with SWI. The 
”siderotic“ nodules (SN) were counted, 
and their sizes measured by both read-

ers, in consensus, using a ruler tool on 
the workstation (syngo MultiModality 
Workplace, MMWP, Siemens Healthcare). 
SN conspicuity was graded on each 
sequence based on the ratio of SN signal 
intensity to background parenchyma. 
Normal controls and cirrhotic patients 
were analyzed the same way. 
In general, SWI detected far more SN 
than the other methods. The total num-
ber of SN detected by SWI was greater 
by factors of 14.8, 4.6, and 1.5 com-
pared to conventional T1, T2 and T2* 
methods, respectively (Fig. 1). In 10 of 
the 40 patients, the number of SN 
detected by SWI was more than two 
times that of T2*-weighted imaging, 
and in a single case, nearly 5 times 
greater, (Fig. 2). SN could not be 
detected by T1-weighted imaging in 10 
patients. Also, SWI detected smaller SN 
(less than 2.5 mm in diameter according 
to the signal void) more frequently than 
T2*-weighted imaging. Lesion conspicu-
ity was least with T1-weighted imaging 
and greatest with SWI (Fig. 3). More 
practically for radiologic purposes, 
SWI had superior contrast (i.e., lesions 
appeared more hypointense to back-
ground hepatic parenchyma) and 

better visibility than other methods.
A TE of 10 ms at 1.5T has been shown to 
be 80% sensitive for the detection of SN, 
though using a longer TE (15 to 20 ms at 
1.5T) may increase sensitivity [19, 12]. If 
we assume SWI to be the gold standard 
for the detection of SN, the sensitivity of 
T2*-weighted MRI for lesions greater 
than 2.5 mm in diameter was 85% in this 
study, which is similar to the sensitivity 
of 80% achieved by Krinsky et al. with a 
TE of ≥9 ms at 1.5T using whole-explant 
livers as the gold standard [19]. 
Several factors account for the improved 
detection of SN with SWI compared to 
other sequences. Since SWI uses pro-
cessed phase information to enhance 
susceptibility effects in the image, it can 
better detect changes in susceptibility 
compared to T2*-weighted images. 
Theoretical investigations have indicated 
that a highly paramagnetic object mea-
suring less than a quarter of a voxel can 
have a dramatic appearance within a 
single voxel, due to the “amplified signal 
cancellation“ [20]. 

3 A 50-year-old man with cirrhosis caused by hepatitis C. (3A) Transversal T1-weighted imaging (flip angle 70°, TR/TE 140/2.46 ms) and (3B) 
T2-weighted imaging (flip angle 122°, TR/TE 3700/84 ms) fail to demonstrate low-signal-intensity nodules with good conspicuity. (3C) Transversal 
T2*-weighted imaging (flip angle 20°, TR/TE 150/10 ms) demonstrated low-signal -intensity nodules and (3D) transversal SWI (flip angle 20°, 
TR/TE 150/10 ms) showed innumerable low-signal-intensity nodules with the best conspicuity. Images courtesy of Zhongshan Hospital.
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been considered pre-malignant lesions, 
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lished [11]. A poor response to inter-
feron therapy has been correlated with 
increased hepatic iron content [21, 22], 

and the MRI grade of SN has been 
shown to significantly correlate with 
degree of peri-portal inflammatory activ-
ity in cirrhotic patients [9]. Distribution 
of iron within a nodule has implications 
for the detection of HCC; a pattern of 
decreased hepatic iron uptake within a 
portion of an otherwise iron-accumulat-
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sign) has been shown to be highly pre-
dictive of HCC [23–25]. Additionally, 
regions of parenchymal iron sparing 
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tion [26]. Therefore, improved detection 
of SN may also provide insight into the 

relationship between disease activity, 
progression, malignancy, and therapeu-
tic response.
In conclusion, the use of breathhold 2D 
SWI in the liver should open a new door 
in the study of cirrhosis of the liver and 
in the future to the study and quantifica-
tion of iron in hemachromatosis. 
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* This information about this product is preliminary. 
The product is under development and not commer-
cially available in the U.S., and its future availablility 
cannot be ensured.

** WIP – Work in progress. This technology is under 
development and is not available for sale in the U.S.


