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By Dr GM Kukuk 

Using the latest Mr technology to enhance liver imaging 
The Department of Radiology at the University Clinic of Bonn, 
Germany carries out approximately 80 liver MRI exams per 
month. These include examinations of oncology patients for 
the optimization of intervention and follow-up planning, the 
scanning of transplant and surgery patients, and imaging 
outpatients referred by the department of hepatology.  
The Radiology Department’s  philosophy is to strive for liver 
imaging that is “right first time” and provides sufficient and 
high quality information for confident diagnosis.To do this,  
the department makes use of Philips Ingenia  MRI systems. 

Senior radiologist Dr Kukuk talks about the systems with which the department  
is equipped and how they are used in practice. 

EquIPMENT HElPING To IMPRovE EffIcIENcy  
ANd HIGH IMAGE quAlITy  

MRI is playing an increasingly important role in 
the assessment of liver patients, so clearly appropriate 
equipment is vital. In Bonn, the department has two 
3.0T and two 1.5T MRI systems, all Ingenia models 
from Philips. The principal reasons for the depart-
ment’s choice of these particular systems were their 
scanning efficiency and excellent image quality. “Inge-
nia’s dStream digital coil technology provides increased 
signal compared to the analog Achieva systems we had 
previously, which  translates into better image qual-
ity,” says Dr. Kukuk. “The MultiTransmit technology 
of Ingenia 3.0T adds the advantage of reducing dielec-
tric shading, which is especially valuable in abdominal 
imaging.”  “In addition, the Posterior coil built into the 
Ingenia patient table is a time-saver,” says Dr. Kukuk. 
“It allows easy patient positioning and planning and 
provides high quality imaging. We can obtain a large 
field of view with both 1.5T and 3.0T systems, which 
allows us to extend the anatomic coverage if we notice 
any pathology on the first images.” 

 THE NEEd foR SPEEd IN lIvER IMAGING 
“Rapid imaging is particularly helpful in patients who 

have difficulty in holding their breath adequately, so 
it’s desirable to have very fast T1-weighted images. The 

sequence in which speed is most important is that of 
the arterial phase, as this sequence cannot be repeated. 
It has to be “right first-time”. So not just really fast but 
with sharp images of diagnostic quality. It helps if the 
patient is aware of what is going on so we carefully 
explain the process  to the patient before acquisition of 
this sequence.” 

“Because we use liver-specific contrast agents, the 
minimum time we need for a liver exam is about 25 
minutes,” adds Dr. Kukuk. 

A SMART PRoTocol dESIGN
A typical liver exam carried out in Bonn begins 

with T2-weighted imaging, single shot and with fat 
suppression. “We always perform diffusion weighted 
imaging (DWI) with four b-values (0, 50, 250, 800) for 
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The university Clinic in Bonn has two Ingenia 1.5T and two Ingenia 3.0 T MRI 
systems whose dStream digital platform and recently started to use MultiVane 
XD for robust motion correction and high spatial resolution as well as mDIXON 
Quant for non-invasive liver fat quantification in just one breath hold.
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lesion characterization, for monitoring 
after therapies, and for visualization of 
small lesions. Before giving contrast 
we routinely use the mDIXON Quant 
fat quantification sequence, which is 
a multipoint method for 3D water-fat 
MRI. Then we use dynamic e-THRIVE 
— the 3D high resolution abdominal 
dynamic imaging technique which 
reduces effects of B1 inhomogeneities 
produced at higher field strength, and 
provides good fat suppression — with 
an in-plane spatial resolution of 1.5 
mm and high temporal resolution in 
just four breath-holds of 13.1 seconds.” 

“Contrast enhancement is 
important to help us characterize 
lesions, for follow up in oncology 
patients and for informing clini-
cians whenever decisions on pos-
sible changes to the therapeutic 
regimen are being considered,” Dr. 
Kukuk explains. “Because we use 
liver-specific contrast agents we can 
obtain the T2-weighted images after 
the dynamic, to bridge the waiting 
time needed with these contrast 
agents. Just before the patient leaves 
the scanner we acquire another 
e-THRIVE in the axial plane and one 
or two coronals.” 

IMAGING wITH ARMS uP MEANS 
fASTER, BETTER IMAGING

An increasing number of liver 
patients are being scanned in an 
“arms-up” position using the inte-
grated Posterior coil and a special 
positioning device. “By placing the 
patient’s arms up, the field of view in 
the right-left direction can be smaller 
so that a right-left preparation direc-
tion can be used to cut down the scan 
time,” he explains. “We can use high dS 
SENSE factors  — ds SENSE is the sys-
tem enabling rapid parallel imaging— 
for TSE imaging, so we can shorten 
the echo train length. This results in 
a faster scan than arms-down T2 TSE; 
in addition the images show high ana-
tomical detail.” 

“For DWI, the high dS SENSE fac-
tor allows the use of a shorter echo 
time (TE) so we get higher signal and 

fewer susceptibility artifacts, which 
means less distortion of the diffu-
sion weighted images. Of course, with 
higher dS SENSE factors and the short-
ening of the TSE factor in T2-weighted 
imaging, we can drastically cut down 
the overall examination time. So, 
with arms-up we get faster images, 
less distortion in DWI and less blur-
ring on T2-weighted images. Almost 
all patients tolerate the arms-up  
scanning well.” 

RoBuST MoTIoN coRREcTIoN  
ANd HIGH SPATIAl RESoluTIoN 

“We use the MultiVane XD motion 
correction system  and are now able 
to acquire high spatial resolution 
T2-weighted images without seeing any 
significant motion,” says Dr. Kukuk. “It’s 
a great technique to obtain high spatial 
resolution images of the pancreas or 
the liver, as well as the surrounding 
organs and tissues. The MultiVane XD 
motion correction system can be com-
bined with dS SENSE parallel imaging, 
allowing us to reduce specific absorp-

tion rates (SAR), acquire high spatial 
resolution in short acquisition times, 
and at the same time reduce artifacts 
caused by motion in adjacent tissues 
and organs”. 

“In comparison to single-shot 
T2-weighted TSE, this approach using 
MultiVane XD motion suppression 
provides higher spatial resolution. In 
addition, it is especially valuable with 

Arms-up imaging of HCC in liver. A 78-year-old male patient with multifocal hepatocellular carcinoma underwent 
MRI.  A special support is used for arms-up imaging. With the patient’s arms elevated higher SENSE factors can 
be used.   Images obtained with arms up and arms down are scanned for comparison. The arms-up T2 TSE images 
show less blurring thanks to the shorter echo train lengths. The arms-up DWI images (b=800 mm/s²) show less 
distortion and increased lesion conspicuity. 

In the university Clinic of Bonn, an increasing number 
of liver patients  are scanned in an arms-up position 
using the integrated Posterior coil and a special posi-
tioning device. “By placing the patient’s arms up, the 
field of view in the right-left direction can be smaller 
so that a right-left preparation direction can be used 
to cut down the scan time,”
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patients who cannot hold their 
breath or have other disabilities. I think 
that this sequence has the potential 
to substitute for, or even replace, the 
T2-weighted single-shot sequence in 
our liver exams, because of good and 
consistent delineation of small lesions.” 

“I recommend using mDIXON 
Quant liver fat assessment routinely 
in liver MRI exams. It has been well 
evaluated and is fast and easy-to-use.” 

NoN-INvASIvE lIvER fAT quANTIfI-
cATIoN IN A SINGlE BREATH-Hold

“Fatty liver disease is a common 
condition, with studies showing a prev-
alence of non-alcoholic fatty liver dis-
ease of up to 44% of the general Euro-
pean population [1]. Liver fat cannot be 
quantified by ultrasound or CT, so up 
till now biopsy — with its well-known 
risks and disadvantages — has been 
the way to quantify fatty liver disease,” 
says Dr Kukuk. Instead we now use 
the so-called modified DIXON tech-
nique (mDIXON), the novel multipoint 
method for 3D water-fat magnetic reso-
nance imaging. mDIXON’s unrestricted 
echo time (TE) allows more efficient 
scanning than traditional DIXON 

methods. It provides four images in one 
breath-hold: water and fat images, plus 
in-phase and opposed-phase images. 
Compared to current 3D volumetric 
fat suppression methods, mDIXON 
provides greater speed, improved SNR, 
multiple contrasts and more robust fat 
suppression

“Thus, the mDIXON Quant method 
now allows non-invasive quantification of 
liver fat, which is valuable for both diagno-
sis and follow-up during dietary changes 
or therapy, for instance in hepatitis C. The 
mDIXON Quant fat fraction maps pro-
vide quantitative information and also 
anatomical detail. The sequence is fast, 
usually taking about 16 seconds, which 
is just a breath-hold for most patients. It 
definitely improves our efficiency.” 

INcludING A fAT quANTIfIcATIoN 
SEquENcE IN RouTINE lIvER MRI  

“We carried out a study comparing 
mDIXON Quant fat percentages with 
results from histopathology. The corre-
lation with various histologic methods 
was very good; in addition the correla-
tion coefficient with MR spectroscopy 
was greater than 0.9 – a nearly perfect 
correlation,” says Dr. Kukuk. 

“So, this fast mDIXON Quant 
sequence allows us to diagnose, quan-
tify, and follow up – that’s the real 
advantage. Our gastroenterologists 
were easily convinced of the value of 
the method since they are well aware 
of the limitations of ultrasound and 
the risks of liver biopsy.” 

“As for the patients, they appreciate 
getting quantitation of changes seen in 
follow-up exams during therapy.” 

“I recommend using mDIXON 
Quant routinely in liver MRI exams. 
The method is fast, easy to use, and 
has been well evaluated [2,3]. The time 
investment is low and the benefit is 
high.” 
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Clinical case: Comprehensive liver exam of focal liver lesions. Patient with multiple liver lesions showing up hyperintense on T2-weighted images.   The high spatial resolution 
of MultiVane XD can be appreciated by comparing the images demonstrating the two hyperintense focal liver lesions.  
 mDIXON Quant was performed for quantification of intralesional and hepatic parenchymal fat content. The fat content in the liver parenchyma was normal. The lesion has 
a fat fraction of 25-30%. Histopathologic diagnosis was hepatocellular adenoma. 
Ingenia 3.0T using the dS Torso coil solution.
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