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to selectively saturate the macromolecular pro-
tons [2,5]. MT saturation of these protons is then
transferred to the bulk water protons through
cross relaxation process and/or chemical ex-
change [2,12].

The tissue signal intensity on the MR image
is decreased in relation to the magnitude of the
magnetization exchange rate. This rate differs
from tissue to tissue thus generating uniform
contrast. MT imaging techniques have proved
useful in many clinical applications [14,15]. Few
works have been done using the MT technique
to evaluate different hepatic neoplasms with
promising results [7,8,10]. The complementary
effects of MR techniques with paramagnetic
contrast agents have recently been demonstrat-
ed and the use of contrast agents has become an
essential part of MR imaging for characterizing
hepatic tumors [10,11].

The purpose of this study is to define the
usefulness of the MT imaging techniques com-
bined with paramagnetic contrast agents in the
evaluation of hepatic tumors.

PATIENTS AND METHODS

Study population:
Six healthy volunteers were imaged to ob-

tain control data for the MT effect, 3 males and
3 females, their ages ranged from 20 to 42
years.

Twenty five patients with hepatic tumours
were evaluated (12 females and 13 males), their
age ranged from 37 to 63 years.

MR imaging:
MR imaging was performed with a super-

conducting magnet at 1.5 T (Signa Advantage:

ABSTRACT

Magnetization transfer (MT) technique provides a new
type of MR imaging contrast based on biochemical prop-
erties due to magnetization interaction between bulk water
protons and macromolecular protons. The aim of this
study is to evaluate the significance of MT as a new tech-
nique in assessment of focal hepatic tumors. This work in-
cluded 6 volunteers as a control group for determination
of MT values and 25 patients with pathologically proven
focal hepatic tumors. Qualitative and quantitative analysis
of the signal intensities of the liver parenchyma as well as
the liver tumors were done both before and after gadolin-
ium enhancement. MT Gradient Recalled Echo (GRE)
combined with gadolinium enhancement has significantly
increased the lesion to liver contrast ratio in cases of he-
patic haemangioma and metastatic adenocarcinomas
whereas in cases of hepatocellular carcinoma enhanced
MR (GRE) imaging showed equivocal results and has no
significant superiority over conventional imaging sequenc-
es.

Key Words: Magnetization transfer (MT) - Hepatic tu-
mors.

INTRODUCTION

Over the last few years a variety of new
MRI techniques have been used with better re-
sults. The more recent development of phased
array coils, fast spin echo multi-slice breath
held imaging and echo planar imaging (EPI)
give a number of new exciting approaches that
place MRI at the forefront of liver imaging [3].

Conventional magnetic resonance (MR) im-
aging contrast is basically generated by the dif-
ferences in T1, T2 and proton-density in biolog-
ic tissue. However, magnetization transfer
technique provides another kind of MR imaging
contrast, thought to be based on biochemical
properties due to the magnetization interaction
between bulk water protons and macromolecu-
lar protons [4,12]. The MT technique consists of
applying an off-resonance radiofrequency pulse
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weighted SE images were analyzed on the basis
of the signal intensity measurements in the de-
fined region of interest.

Quantitative evaluations were available for
all the included study population. In healthy
volunteers, the region of interest was placed
over the liver, spleen, skeletal muscles and sub-
cutaneous fat. In patients with multiple hepatic
lesions, a single representative lesion was sam-
pled and a strongly enhanced area of the tumor
was chosen for measurement. The size and po-
sition of all regions of interest were kept con-
stant for the different sequences in each patient.
Two to three measurements were obtained in
each tissue. The mean value was recorded.

Quantitation of the amount of MT effect was
expressed as the signal intensity on GRE image
with the off-resonance saturation pulse (MS) di-
vided by the signal intensity on the image with-
out the off-resonance saturation pulse (MO).

Qualitative analysis:
Images were analyzed considering four char-

acteristics:
Tumor conspicuity, sharpness of anatomic

structure, image artifacts and overall quality.

RESULTS

The diagnosed hepatic tumors in our patients
included 12 HCC, 9 secondaries, 2 haemangio-
mas and 2 simple cysts. The primary malignan-
cy in patients with metastatic deposits was
present in the colon in 5 cases, stomach in 2
cases and in the breast in 2 cases.

The diagnosis of HCC and liver metastases
was documented by percutaneous needle biop-
sy, while the diagnosis of haemangiomata and
simple cysts was supported by complementary
US and/or CT examinations as well as follow
up studies.

In healthy subjects (n=6), the MS/MO val-
ues were as follows: liver: 0.73, spleen: 0.75,
muscles: 0.67, fat: 0.94. The off-resonance irra-
diation was found to have a strong effect on
skeletal muscle but little effect on fat. Liver and
spleen show intermediate MT effect.

In patients, the MT saturation pulse reduced
the signal intensity of the liver and tumor on
unehanced GRE images. Visual distinction of
tumors did not change between unenhanced MT
GRE and GRE images.

GE Medical Systems, Milwaukee) T1-weighted
spin-echo-(SE) images (TR/TE m sec = 400/11)
and T2-weighted (SE) images (2000/30,90)
were obtained with a 256 x 192 matrix, a 26-36
cm field of view, two signals acquired with res-
piratory compensation and saturation pulses su-
perior and inferior to the section. Seven-eight
mm section thickness was taken with 3-5 mm
inter section gap.
-  Fast spin-echo T1 weighted axial images TR/

TE 500/13 msec.
- Fast spin-echo T2 weighted images TR/TE

3000/103 m sec.

Initially axial T1 and T2 weighted SE imag-
es were obtained through the entire liver. Two
to three representative sections containing tu-
mor were chosen for MT imaging. One section
of which was used for evaluation. In this sec-
tion GRE sequences without contrast agent en-
hancement and then with and without the off-
resonance saturation pulse were performed. For
the dynamic contrast enhanced study gadopen-
tate dimeglumine (Magnevist/Scherring) was
administrated as an intra- venous bolus injec-
tion (0.1 m mol/Kg body weight dose at a rate
of 2 ml/sec). Dynamic MR imaging was started
immediately after injection and repeated every
20 seconds, with eight acquisition in the first 3
minutes and then three more acquisitions of 1
minute intervals.

After dynamic MR imaging patients under-
went enhanced T1 weighted SE imaging fol-
lowed by enhanced GRE and MT-GRE imag-
ing. Gadolinium enhanced GRE imaging was
performed at 13-24 minutes and enhanced MT-
GRE imaging at 15-25 minutes, after contrast
injection. In each patient enhanced images were
obtained in the same plane used for the unen-
hancement images. Pre-contrast 3D MT GRE
was performed using the following parameters.
MT frequency effect: 1200
TR:                        10.2 MS
Flip angle :            20
TE:                        1.7 ms
Band width:          15.6 kHz
Matrix:                  256 x 128
Nex :                     2 with respiratory triggering

Quantitative analysis:
GRE and MT- GRE images before and after

contrast administration and enhanced T1
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Fig. (1-A): Post contrast axial CT scan of the liver revealed
a relatively well defined hypodense, cystic lesion im-
plicating the lateral segment of the left lobe yet no
definite demarcated capsule is noted.

Fig. (1-B): Post contrast axial T1 weighted spin-echo im-
age verifies the cystic nature of the lesion, with the
border sharply demarcated.

Fig. (1): Hepatic cyst:

After contrast injection the two cases of hae-
mangiomata and 16 cases out of the 21 malig-
nant liver tumors showed contrast enhancement
with different patterns and to varying degrees.

Haemangiomata showed marked hyperinten-
sity relative to the liver parenchyma on both en-
hanced T1 weighted SE and GRE images. They
became more conspicious on MT GRE images
because the surrounding liver intensity was sup-
pressed. In HCC (12 cases) 9 were hypointense
to the liver on enhanced T1-weighted SE imag-
es and became isointense and less obvious on
enhanced GRE and MT-GRE images.

A thin rim of hyperintensity was seen in 6
out of the 9 cases of hepatocellular carcinoma.

Table (1): Shows the degree of MT effect in
hepatic tumors and liver parenchyma on unen-
hanced and enhanced images.

Table (1): Ms/MO values on unenhanced and enhanced
GRE.

Tissue
Ms/MO

Unenhanced Enhanced

Liver parenchyma
Hepatocellular carcinoma
Metastasis
Haemangioma
Cysts

0.74
0.75
0.75
0.81
0.85

0.77
0.79
0.87
0.97
0.85

Table (2): Qualitative analysis of hepatic tumor imaging
with different MRI techniques (n=25).

Comparison
Quality

Superior Equal

Tumour conspicuity:
MT GRE Gd-Vs T1 Gd
MT GRE Gd-Vs MT GRE
GRE Gd-Vs GRE

Anatomic details:
MT GRE Gd-Vs T1 Gd
MT GRE Gd-Vs MT GRE
GRE Gd-Vs GRE

Image quality:
MT GRE Gd-Vs Gd
MT GRE Gd-Vs MT GRE
GRE Gd-Vs GRE

14
23
20

13
24
20

15
22
19

11
2
5

12
1
4

5
3
6

On unenhanced images, no significant dif-
ference in MS/MO was found between liver pa-
renchyma and hepatocellular carcinoma or me-
tastasis, yet in haemangiomata and cysts MS/
MO value is larger than that of the normal liver
parenchyma.

On enhanced images there was a significant
difference in Ms/MO between liver and hae-
mangioma and between liver and metastasis.

Table (2) Shows the qualitative analysis of
hepatic tumour imaging with enhanced MT
GRE versus unenhanced MT GRE and en-
hanced GRE versus unenhanced GRE, as well
as the enhanced MT GRE versus enhanced T1
WIs.

The table shows that enhanced MT GRE im-
ages were significantly better than enhanced
GRE and T1 weighted images and the enhanced
GRE and MT GRE images were both superior
to unenhanced GRE, MT GRE and T1 weighted
images.
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Fig. (1-C): Axial T2-weighted spin-echo image confirming
the cystic nature of the lesion.

Fig. (1-D): Axial post contrast MT sequence demonstrates
the lesion with better conspicuity, higher lesion to
liver contrast ratio and better resolution.

Fig. (2-A): Post contrast axial T1 spin-echo sequence dem-
onstrates well-marginated, regular rounded marginal-
ly enhancing focal hepatic parenchymal lesion impli-
cating the ventral right hepatic lobe.

Fig. (2-B): Axial T2-weighted image demonstrates the le-
sion to be of high uniform signal intensity verifying
its tumoral nature.

Fig. (2-C): Post contrast axial MT sequence exhibits sharp
demarcation, better resolution, high contrast to noise
ratio and better image quality.

Fig. (2-D): Non contrast axial MT sequence shows multi-
ple, well defined, variable sized homogenous, hypo-
intense lesions at the hepatic dome not readily visual-
ized either by CT or conventional MR sequences.

Fig. (2): Metastatic bronchogenic carcinoma:
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Fig. (5): Capillary haemangioma:
Fig. (5-A,B): Non contrast axial T1-weighted and MT sequence. showing no definite abnormality.

Fig. (3): Multi centric H.C.C.:
A: Non contrast axial T1-weighted spin-echo sequence revealed a well defined homogenously hyperintense, regular, rounded,

soft tissue tumoral mass lesion implicating the lateral segment of the left hepatic lobe with small satellites scattered paren-
chymal foci.

B: Axial contrast enhanced MT sequence verified the visualized lesion with higher conspicuity, image contrast, in addition to
the precise highlight of the satellite lesions at the portal bifurcation.

Fig. (4): Multi centric H.C.C.:
A: Non contrast axial T1-weighted spin-echo sequence demonstrates the liver to be studded by multiple variable sized, irregu-

lar, relatively demarcated, map like, hypointense, heterogenous mass lesions scattered in both hepatic lobes.
B: Contrast enhanced axial MT sequences depicts the well delineated lesions with high spatial resolution, less noise, better

image quality, higher conspicuity and high lesion to liver ratio.

Fig. (3-A) Fig. (3-B)

Fig. (4-A) Fig. (4-B)
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Fig. (5-C): Post contrast axial MT sequence clearly de-
picts a well defined focal lesion (haemangioma) in the
posterior segment of the right lobe with sharp demarca-
tion and even the feeing vessel is also well seen.

DISCUSSION

The high inherent tissue contrast of MR is
well known, however further augmentation of
tissue contrast can now be achieved by intro-
ducing contrast agents such as Gd-DTPA [1].

The effect of Gd-DTPA is mot pronounced
in the reduction of T1 which results in enhance-
ment of T1 weighted images [2]. The contrast
enhancement is supposed to be increased by us-
ing off-resonance irradiation which reduces the
signal emitted by tissue with high efficiency of
water/macromolecule interaction and a low
concentration of paramagnetic substance, while
having less effect on tissues with considerable
paramagnetic concentration and/or weak water/
macromolecule interaction [3].

Magnetization transfer contrast entails the
use of an off-resonance radio-frequency (RF)
irradiation which presaturates selectively the
protons of the immoblie macromolecules and
saturates indirectly via cross-relaxation, the
magnetization of the water protons, which can
be monitored by MRI [11].

Thus, the MT contrast is additive to the en-
hancement of contrast achieved by paramagnet-
ic substances and T1 weighted imaging se-
quences. This phenomenon is utilized in this
study using a set of sequence parameters to as-
sess the clinical efficiency of MT contrast im-
aging in differentiation of hepatic tumors.

The adult liver contains many extracellular
matrix component such as collagen, non collag-
enous glycoproteins and protoglycons. These

structures and their hydrodynamics are the key
factors in determining cross-relaxation rates be-
tween mobile water protons and the motion re-
stricted protons, thus it was assumed that the
liver is particularly susceptible to MTC effect
[10].

Our results showed that simple fluids such
as bile and cyst contents as well as fat suffered
little signal loss on the images obtained with
the off resonance saturation pulse which means
little transfer of longitudinal magnetization,
while muscles transferred the most magnetiza-
tion and showed some variability possibly due
to terrible amount of intra muscular fatty tis-
sues. The liver and spleen have similar magnet-
ization transfer values. Similar results have
been reported by several investigators who
agreed that tissues rich in fat or water show
weak MT indices [4]. They also showed that the
MT saturation pulse has resulted in decrease of
the signal intensity of the normal hepatic paren-
chyma as well as liver tumors specially metas-
tasis and haemangiomas which coincides with
our findings on enhanced images. However, the
comparison of magnetization transfer and spin
echo sequences should be based on signal inten-
sity measurements not on morphologic criteria
only since the use of morphologic criteria
would presumably favor the use of standard SE
images with long TR-TE over MT sequences
because the higher signal-to-noise ratio are bet-
ter edge definition of the former [8]. This hy-
pothesis was found to be correct as we observed
no improvement in anatomic details or tumour
conspicuity of different hepatic focal tumours
by using the unenhanced MT saturation se-
quences compared to the original SE images.

On the other hand we noticed that MT GRE
imaging combined with gadolinium administra-
tion has significantly improved the qualitative
analysis of haemangioma which had paramag-
netically enhancing region compared with en-
hanced GRE and T1 weighted SE images Fig.
(5). The MT saturation pulse reduces the signal
intensity of liver parenchyma on enhancing
GRE images to the same degree as on unen-
hanced images because liver showed weak en-
hancement. Whereas, the saturation pulse pro-
vided little or no reduction in the signal
intensity of the enhanced region in which the
paramagnetic contrast agents accumulated. It is
thought that the off-resonance saturation pulse
that produces MT contrast has little effect on
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concerning the diagnostic ability of MTC to de-
tect hepatic lesions [9].

The study performed by Outwater et al.,
1992 comprising 26 patients with benign and
malignant hepatic focal lesions underwent MR
imaging showed that hepatic malignancies dem-
onstrate magnetization transfer similar to that of
the liver, while hemangiomas and cysts show
significantly less magnetization transfer than
malignant lesions. We have reached similar
findings inspite of the differences in the fre-
quency offset and field strength.

In this work we have demonstrated that
magnetization transfer can increase the lesion-
to-liver contrast of hemangiomas Fig. (5) and
cysts Fig. (1). Compared to the usual SE tech-
niques, while MT dose not increase the contrast
between malignant lesions and liver parenchy-
ma since these have very similar degrees of
transfer Fig. (2). The use of contrast agent with
MT imaging may increase its value in diagnosis
of malignant lesions inspite of the lack of con-
sensus existing in the literature concerning this
value.
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