
INTRODUCTION

In the management of focal liver tumors, the goals
(cure, palliation) and therapeutic options (surgery,
chemotherapy, or radiation) are chosen based on a
variety of clinical data, including the number of le-
sions, their size and location, their tissue type,
and the number of involved liver segments (1).

The characterization of liver lesions as benign or
malignant is important for the correct triage of pa-
tients to surgical versus nonsurgical therapies.
Although ultrasonography (US) will depict most of
the focal liver lesions, characterization of the na-
ture often depends on additional noninvasive
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Amaç: Karaci¤er lezyonlar›n›n saptanmas› ve karakterizasyo-
nunda mangofodipir trisodyum kullan›m›n›n etkinli¤ini de¤er-
lendirmek. Yöntem: Karaci¤erde lezyonu olan 51 hasta [13 he-
patoselüler karsinom , 18 metastaz, 14 hemanjiom, 3 kolanji-
oselüler karsinom , 2 kist hidatik ve 1 fokal noduler hiperplazi
kontrats›z ve mangofodipir trisodyum kontrastl› MRG ile ince-
lendi. Bulgular: Yavafl intravenöz infüzyonla mangofodipir
trisodyum sonras› MRG incelemeleri infüzyondan 15-30 dk ve
24 saat sonra yap›ld›. Kontrastlanma tüm hepatoselüler lezyon-
larda (hepatoselüler karsinom ve fokal noduler hiperplazi) ve
normal karaci¤er parankiminde görüldü. Hepatoselüler karsi-
nomlu hastalar›n lezyonlar›nda inhomojen kontrastlanma pa-
terni görüldü. Nonhepatoselüler lezyonlarda (hemanjiom, me-
tastaz, kolanjioselüler karsinom) mangofodipir trisodyum kont-
rastl› MRG incelemede kontrastlanma olmad›. kolanjioselüler
karsinomlu tüm hastalarda, 14 metastaz ve 11 hemanjiomlu
hastada rim benzeri kontrastlanma paterni saptand›. Sonuç:
Mangofodipir trisodyum kontrastl› MRG, hepatoselüler ve nan-
hepatoselüler tümörlerin güvenli bir flekilde ay›rt edilmesine
olanak sa¤lar. mangofodipir trisodyum kontrastl› MRG hepa-
toselüler lezyonlar›n fonksiyonlar› ve morfolojik durumlar›n›
gösterebilir. Baz› nonhepatoselüler lezyonlar kontrasts›z MRG
ile tan›mlanamaz iken, kontrastl› incelemede vizüalize edilebi-
lirler. Rim tarz› kontrastlanma metastazlar için spesifik de¤il-
dir. mangofodipir trisodyum kontrastl› MRG güvenilir ve iyi to-
lere edilir, karaci¤er lezyonlar›n›n noninvaziv tan›s›nda yar-
d›mc› olabilecek bir inceleme yöntemidir.
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Background/aims: We evaluated the characterization and de-
tection of liver lesions using mangafodipir trisodium. Methods:
A total of 51 patients with liver lesions [13 hepatocellular carci-
nomas , 18 metastases, 14 hemangiomas, three cholangiocellu-
lar carcinomas, two hydatic cysts, and one focal nodular
hyperplasia (FNH)] were examined by unenhanced and manga-
fodipir trisodium -enhanced MRI. Results: After administrati-
on of mangafodipir trisodium  by slow intravenous infusion,
mangafodipir trisodium -enhanced MRI was performed at 15-
30 min and 24 h. The enhancement appeared in normal liver
parenchyma and all of the hepatocellular lesions (HCCs and
FNH). The lesions in hepatocellular carcinomas patients sho-
wed a non-homogeneous enhancement pattern. Non-hepatocel-
lular lesions (hemangiomas, metastases, CCCs) had no enhan-
cement on mangafodipir trisodium -enhanced MRI examinati-
ons. The rim-like enhancement pattern was demonstrated in all
patients with cholangiocellular carcinomas, and in 14 metasta-
ses and 11 hemangiomas. Conclusions: Mangafodipir trisodi-
um -enhanced MRI permits reliable distinction between hepato-
cellular and non-hepatocellular tumors. Mangafodipir trisodi-
um -enhanced MRI can show more functional and morphologic
features of hepatocellular lesions. Some non-hepatocellular lesi-
ons which went undetected on unenhanced MRI were visualized
after contrast enhancement of the liver. The rim-like enhance-
ment pattern is not specific for metastases. Mangafodipir triso-
dium -enhanced MRI is safe and well tolerated and may aid in
noninvasive diagnosis of liver lesions.
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diagnostic imaging techniques such as computed
tomography (CT) and magnetic resonance imaging
(MRI), sometimes followed by a histopathologic
examination. Dynamic contrast-enhanced CT is
the most frequently used imaging modality, but it
may miss hepatic lesions in a significant number
of cases (2). MRI is generally reserved as a secon-
dary diagnostic tool to characterize lesions detec-
ted on CT. Results of studies comparing lesion
characteristics using these two modalities are in-
conclusive, mainly due to difficulty in maintaining
the comparability of these two modalities in the
study design. CT and MRI have a relatively nar-
row window of time in which an optimal image can
be obtained before the distribution of contrast into
the lesion interstitium obscures the lesion, beca-
use the CT and MRI contrast agents used are ext-
racellular with no inherent organ or tissue selecti-
vity (3-5). Thus, there is a clinical need for the de-
velopment of a liver-specific contrast agent that
has an extended window of time for imaging, and
one that would improve focal liver lesion detection
and characterization.

Liver-specific contrast agents for MRI have re-
cently been developed and have the potential to
improve the detection of focal liver lesions (6, 7).
Two kinds of contrast agents have been developed
for liver MRI: superparamagnetic iron oxide cont-
rast agents, such as ferumoxides and SHU 555 A,
and hepatobiliary contrast agents. The first super-
paramagnetic iron oxide contrast agent licensed
for use was ferumoxides. Ferumoxides particles
coated with dextran administered intravenously
are cleared by phagocytosis of the reticuloendothe-
lial system, including the Kupffer’s cells of the li-
ver, and predominantly shorten the T2 of the liver
parenchyma (8, 9). Hepatobiliary contrast agents
are taken up by hepatocytes and are eliminated
through the biliary system. Teslascan (MnDPDP,
Amersham, GE Health Care) has a special affinity
for hepatocytes and thus represents such a liver-
specific MRI contrast agent. Following intraveno-
us administration, the MnDPDP chelate dissoci-
ates slowly, and the manganese is taken up by the
hepatocytes. This leads to an increase in signal in-
tensity of normal liver parenchyma on the T1-we-
ighted image caused by T1 shortening and, the-
reby, to an increase in contrast between normal
and abnormal tissue (10, 11). 

The purposes of this study were to compare the
characteristics of MnDPDP enhancement of liver
lesions, and to assess whether this contrast agent

can improve differentiation between cellular com-
position of these lesions.

MATERIALS AND METHODS

A total of 51 patients with liver lesions were exa-
mined by unenhanced and MnDPDP-enhanced
MRI. Our patients consisted of 22 women and 29
men with a median age of 56.8 years (age range
20-76 years). The patients had a variety of condi-
tions and findings on either US or CT and were
known or suspected to have focal liver lesion. In-
formed consent was obtained from each patient
before entry into the study. Excluded were pati-
ents who had received any contrast agent within
one hour before or within 24 hours after the
MnDPDP-enhanced MRI examination; who had
obstructive hepatobiliary disease or biliary stasis
or severe renal impairment; who were clinically
unstable; for whom CT or MRI examination would
be contraindicated; who had been previously en-
rolled into this study; or who were defined as preg-
nancy or lactation.

All US examinations were performed by two staff
radiologists using high-resolution US equipment
(Sonoline Adora, Simens, Germany) with a curvi-
linear 3.5 MHz transducer. All patients under-
went spiral CT examination before MR examinati-
ons. For spiral CT (PQS, Picker, USA), after an
initial scout, scan images (120 kV, 200-250 mA, 8
mm contiguous intervals) were acquired before ad-
ministration of contrast material. Afterward, a to-
tal of 100 ml iodinated contrast agent was admi-
nistered intravenously, and scans were obtained
during the arterial and portal phases.

The MR examinations were performed on a 1.5-T
unit (MR Edge, Picker, USA), using a body coil.
Unenhanced axial fast-spin-echo T2-weighted
(TR/TE: 6512/96, 192x256 matrix, 5-mm slice
thickness, 1-mm gap, 90° flip angle, 50-55 cm field
of view), axial and coronal spin-echo (SE) T1-we-
ighted (TR/TE: 143/10 ms, 160x256 matrix, 5-mm
slice thickness, 1-mm gap, 90° flip angle, 50-55 cm
field of view, 15-20 s breath-hold), and axial and
coronal T1-weighted gradient-recalled-echo (GRE)
sequences (TR/TE: 155/8.1 ms, 160x256 matrix, 5-
mm slice thickness, 1-mm gap, 60° flip angle, 50-
55 cm field of view, 15-20 s breath-hold) were per-
formed in all patients. MnDPDP was injected int-
ravenously (5 μmol/kg) by slow intravenous infusi-
on (2-3 ml/min) over a period of 15 min; MnDPDP-
enhanced MRI was then performed at 15-30 min
and 24 h after administration of the contrast
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agent with the same protocol and sequences, ex-
cept for T2-weighted fast-SE sequence, as descri-
bed previously. 

The MRI images were assessed by two staff radi-
ologists. Each radiologist recorded the lesion num-
ber, lesion size, appearance of the lesion, signal in-
tensity relative to the liver, degree of enhance-
ment, and presence of rim-like enhancement. The
conclusions were made by consensus. All imaging
studies, together with histopathologic and surgical
reports, were available for this review.

Each patient was monitored for adverse events,
injection-associated discomfort, and changes in vi-
tal signs after administration of the liver-specific
contrast agent.

RESULTS

For each patient, baseline medical history, physi-
cal examination, vital signs, and laboratory data
were obtained. In 51 patients the individual final
diagnoses were as follows: 18 metastases (primary
tumor: pancreatic carcinoma n=6, breast carcino-
ma n=2, gallbladder carcinoma n=1, leiomyosarco-
ma n=1, bronchial carcinoma n=1, adenocarcino-
ma of unknown primary site n=7), 14 hemangi-
omas, 13 hepatocellular carcinomas (HCCs), three
cholangiocellular carcinomas (CCCs), two hydatid
cysts, and one focal nodular hyperplasia (FNH).

In three of 13 patients with HCC, two of 14 pati-
ents with hemangiomas, and one of three patients
with CCC, the diagnoses were confirmed by histo-
logical examinations of tissue specimens obtained
at surgery. Percutaneous needle biopsy was per-
formed in all patients with metastases, 10 pati-
ents with HCC, two patients with CCC, and one
patient with FNH. Twelve patients with hemangi-
omas and two patients with hydatid diseases were
diagnosed based on the typical radiologic features
and clinical follow-up over at least six months.

The normal liver parenchyma showed a homoge-
neous pattern of enhancement following administ-
ration of MnDPDP.

Six of 13 patients with HCCs had multiple HCCs
with an unresectable distribution (Figure 1). Four
of the remaining seven patients were positive for
hepatitis B surface antigen. In these four patients,
liver parenchyma showed a non-homogeneous pat-
tern of enhancement after injection of the contrast
agent. On pre-contrast images, all HCCs appeared
hyperintense with a non-homogeneous internal
structure in the T2-weighted sequences, while
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Figure 1. A 45-year-old man with multinodular HCC in the right
lobe A-B) Note the different signal intensity of the different tu-
mor nodules on unenhanced axial T1-weighted SE images, C-D)
Same MR sequence and levels following MnDPDP infusion.
The large central node shows hyperintense to the surrounding li-
ver and the smaller nodules show hypointense peritumoral cap-
sules. The large central node appears hyperintense with a non-
homogeneous enhancement

A B

C D

A B
Figure 2. A 57-year-old man with HCC in the right lobe A) On
MnDPDP-enhanced axial T1-weighted GRE image, the tumor
shows hyperintense with a non-homogeneous enhancement. Pe-
ritumoral capsule appears hypointense on post-contrast MRI; the
liver parenchyma is non-homogeneously enhanced B) Same MR
sequence and level on delayed image (24 h post infusion). The
tumor shows markedly hyperintense to the surrounding liver.
Delayed image also revealed a satellite nodule

they appeared hypo-, iso- to hyperintense in the
SE and GRE T1-weighted sequences. A capsule
was hypointense on both pre- and post-contrast
SE and GRE T1-weighted images in nine patients
with HCC. Following administration of MnDPDP,
all lesions in 13 patients with HCCs showed a
patchy non-homogeneous enhancement, and appe-
ared hyperintense on both T1-weighted SE and
T1-weighted GRE images (Figure 2). On the 24-h
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Two of three patients with CCCs had one lesion,
and the remaining one patient also had liver me-
tastases (Figure 6). All of the CCCs with no en-
hancement on the MnDPDP-enhanced MRI exa-
minations were identified as non-hepatocellular
lesion. However, the MnDPDP-enhanced MRI
images demonstrated some hyperintense ring- or
rim-like zones at the periphery of the tumor, with
varying degrees of enhancement in all patients
with CCC.

In 14 patients with hemangiomas and two pati-
ents with hydatic cyst, hemangiomas and cysts
presented a smoother, round-to-lobular appearan-
ce, and were markedly hyperintense in the T2-we-
ighted image, while they appeared hypointense in
the T1-weighted sequences both before and after
administration of MnDPDP. All of the hydatic
cysts and hemangiomas with no enhancement on

Figure 3. A 72-year-old man with HCC in the right lobe A)
MnDPDP-enhanced axial T1-weighted SE image shows lesion
as isointense to surrounding liver. The lesion appears as a non-
homogeneous enhancement B) Same MR sequence and level on
delayed image (24 h post infusion). The tumor shows markedly
hyperintense to the surrounding liver

A B

images, these lesions were markedly hyperintense
to the surrounding liver parenchyma (Figure 3).

In one patient with FNH, central scar was seen on
either pre- or post-contrast images. On unenhan-
ced MRI images, the lesion appeared hypointense
in the T1-weighted SE sequence, and showed iso-
intense in T1-weighted GRE sequence. After
MnDPDP injection at 15-30 min and 24 h, the le-
sion appeared hyperintense with a homogeneous
internal structure on T1-weighted SE and T1-we-
ighted GRE images. This lesion was hyperintense
to the surrounding liver parenchyma after cont-
rast injection. On 15-30 min and 24 h MnDPDP-
enhanced MRI images, no enhancement of the
central scar with stellate shape was depicted. No
capsule was seen around of the lesion on either
pre- or post-contrast images (Figure 4).

Figure 4. A 20-year-old man with FNH in the right lobe A)
Unenhanced axial T1-weighted SE image shows lesion as
hypointense to surrounding liver B) Same MR sequence and
level following MnDPDP infusion. The tumor shows hyperin-
tense to the surrounding liver with a homogeneous enhancement.
Post-contrast image shows central scar without uptake of con-
trast agent. Note that central scar is better depicted on this image
than on A

A B

Figure 5. A 75-year-old man with metastatic bronchial carcino-
ma A) Unenhanced coronal T1-weighted SE image shows lesi-
ons as hypointense to surrounding liver B) Same MR sequence
and level following MnDPDP infusion. This image clearly de-
picts the lesions, and demonstrates rim-like enhancement at the
periphery of the lesions but no enhancement within the lesion.
Also note that the normal liver parenchyma is homogeneously
enhanced

A B

Seventeen of 18 patients with metastases had
multiple lesions, and the remaining one patient
had one lesion. Some of the multiple lesions were
not detected on US, CT or unenhanced MRI. The-
se metastatic lesions were visualized after cont-
rast enhancement of the liver. All of the metasta-
tic lesions with no enhancement on the MnDPDP-
enhanced MRI examinations were identified as
non-hepatocellular lesions. However, the
MnDPDP-enhanced MRI images demonstrated so-
me hyperintense ring- or rim-like zones at the pe-
riphery of the tumor, with varying degrees of en-
hancement in 14 patients with metastatic tumors
(Figure 5).



ating hepatocellular lesions (HCC, FNH) from
non-hepatocellular lesions (metastasis, CCC, he-
mangioma, and hydatic cyst).

There was no correlation between non-hepatocel-
lular lesion type and pattern of rim-like enhance-
ment.

Tolerance of Teslascan was good. No patient expe-
rienced adverse reactions, injection-associated dis-
comfort or change in vital signs.

DISCUSSION

Magnetic resonance imaging provides useful stra-
tegies for detection and characterization of liver
tumors. However, because of wide biologic variabi-
lity and considerable overlap in the T1 and T2 re-
laxation times of tumor and normal liver, many le-
sions exhibit only a subtle change in intensity
compared with normal liver tissue or they are iso-
inte (12, 13). MnDPDP is a T1-shortening para-
magnetic contrast agent that causes enhancement
of normal liver tissues. However, MnDPDP offers
the additional advantages of a longer retention by
the liver and hence a longer window of time for
imaging (5). In healthy livers, parenchymal en-
hancement can be observed early after the injecti-
on and up to 24 h later. Near maximal enhance-
ment of the normal liver parenchyma is obtained
15-20 min from start of administration and lasts
for approximately 4 h (14). In our study, MnDPDP
was injected intravenously by slow intravenous in-
fusion over a period of 15 min; MnDPDP-enhanced
MRI was then performed at 15-30 min and 24 h af-
ter administration of the contrast agent with the
SE and GRE T1-weighted sequences.

Cirrhosis is a common clinical setting for HCC,
and the similar imaging appearance of benign and
malignant hepatocellular nodules is troublesome.
Features that may suggest HCC, including hetero-
geneous enhancement or the presence of a peritu-
moral capsule, will be helpful in differentiation
(15). Murakami et al. demonstrated that the en-
hancement in cirrhotic liver parenchyma was sig-
nificantly less than that in noncirrhotic liver pa-
renchyma, 15 min after injection of MnDPDP.
This early lesser enhancement could be due to dec-
reased uptake of MnDPDP because of liver
dysfunction or fibrotic changes (16). In our study,
there was lower enhancement of the liver pa-
renchyma in chronic hepatitis and an entirely he-
terogeneous pattern was observed.
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the MnDPDP-enhanced MRI examinations were
identified as non-hepatocellular lesion. However,
the MnDPDP-enhanced MRI images demonstra-
ted some hyperintense ring- or rim-like zones at
the periphery of the tumor, with varying degrees
of enhancement in 11 patients with hemangioma
(Figure 7).

Figure 6. A 36-year-old woman with CCC and metastatic lesi-
ons A) Unenhanced coronal T1-weighted SE image shows sus-
picious lesions as hypointense to surrounding liver B) Same MR
sequence and level following MnDPDP infusion. The normal li-
ver parenchyma enhances brightly, making CCC lesions more
evident because of no enhancement within the lesion. More me-
tastases and greater conspicuousness of lesions are noted

A B

Figure 7. A 48-year-old woman with hemangioma in the right
lobe A) Unenhanced axial T1-weighted SE image shows ill-de-
fined and lobular appearance of large lesion as hypointense to
surrounding liver B) Same MR sequence and level following
MnDPDP infusion. This image shows rim-like enhancement at
the periphery of the lesion but no enhancement within the lesion

A B

The MnDPDP-enhanced MRI exams provided ad-
ditional diagnostic information that was not provi-
ded by all other available clinical and imaging
methods. The signal intensity of FNH and HCCs
was significantly improved on the MnDPDP-en-
hanced T1-weighted SE and T1-weighted GRE
images at 15-30 min and 24 h compared with pre-
contrast images. In 14 of 51 patients, enhance-
ment of the lesions could be observed after
MnDPDP administration. MnDPDP-enhanced
MRI images showed an advantage for differenti-



MnDPDP shows uptake only in liver lesions such
as HCC, FNH, and hepatocellular adenoma, which
are composed of functional hepatocytes (17, 18).
Recently presented data suggest that delayed ima-
ging might be more useful for detecting and diffe-
rentiating hepatic lesions than imaging performed
directly after contrast administration (10, 17). Be-
cause the rate of elimination of MnDPDP from the
hepatocytes has been shown to be strongly delayed
in the presence of biliary obstruction, retention of
MnDPDP within HCC could be attributed to the
absence of functional biliary system, or to obstruc-
tion of intratumoral bile ducts either by tumoral
casts or by compression (17, 19).

In our study, signal intensity of HCC remained
high in comparison with signal intensity of the
surrounding liver parenchyma, denoting retention
of MnDPDP within HCC on delayed 24 h images.
Capsules surrounding HCCs did not enhance on
post-contrast images, even on delayed 24 h ima-
ges. On pathology, these capsules were made of
fibrotic tissue. This lack of enhancement improves
the contrast between the tumor and the surroun-
ding liver parenchyma, outlining the presence of
an eventual capsule (15).

Morphologic features in FNH that have some deg-
ree of tissue specificity include tumor homogene-
ity, iso- to hypointensity on T1-weighted MRI, iso-
to hyperintensity on T2-weighted MRI, and the
presence of central scar that is hyperintense on
T2-weighted MRI (18). In a study by Coffin et al.,
the signal intensity of the FNH was higher than
that of the surrounding normal liver parenchyma
on MRI obtained after MnDPDP infusion. This dif-
ference in intensity may seem surprising because
both liver and FNH consist of normal hepatocytes,
but it can be explained by a higher rate of contrast
uptake or a lower rate of elimination of the cont-
rast agent in FNH lesions compared with normal
liver, or a combination of both (17).

In our study, tumoral enhancement after
MnDPDP injection distinguished between HCCs
and FNH due to the better detection of morpholo-
gic patterns, such as a central scar in a lesion or
peripheral capsule or homogeneity. Following ad-
ministration of MnDPDP, the lesions showed a
patchy non-homogeneous enhancement in all pati-
ents, and also peritumoral capsules were depicted
in nine patients with HCCs. FNH lesion appeared
hyperintense with a homogeneous internal struc-
ture on post-contrast images. This lesion was
hyperintense to the surrounding liver parenchyma

after contrast injection. No detection of a peritu-
moral capsule and better visualization of central
scar allowed a more confident diagnosis.

MnDPDP consistently produces bright enhance-
ment of normal liver due to a T1-shortening effect.
Thus MnDPDP-enhanced MRI is most likely sim-
ply the increased image contrast between normal
liver parenchyma and non-hepatocellular lesion.
The improved performance of MnDPDP-enhanced
MRI compared with contrast-enhanced CT may be
related not only to a more tissue-specific contrast
effect because of cellular uptake of MnDPDP (whe-
reas iodinated agents are extracellular in distribu-
tion), but also to the stability of the MnDPDP en-
hancement over time relative to the rapidly chan-
ging contrast effects seen during contrast-enhan-
ced CT (5). Helmberger et al. (20) reported that no
significant contrast-to-noise ratio changes were
seen in hemangiomas after bolus injection of
MnDPDP. This might indicate that in relatively
early scanning, the expected contrast-to-noise ra-
tio change in hemangiomas is compensated by the
combined effects of still-intravascular contrast to-
gether with contrast transported into the hepa-
tocytes of the surrounding tissue. In our study, all
of the metastatic lesions, CCCs, hydatic cysts, and
hemangiomas having no enhancement on the
MnDPDP-enhanced MRI examinations at 15-30
min and 24 h after administration of the contrast
agent were identified as non-hepatocellular lesion.
Although some of multiple lesions were not detec-
ted on US, CT or unenhanced MRI, these metasta-
tic lesions are visualized after contrast enhance-
ment (MnDPDP) of the liver. 

The rim-like enhancement on MnDPDP-enhanced
MRI has been seen in metastases originating from
colon carcinomas. The underlying mechanism for
the occurrence of rim-like enhancement in some
metastatic liver tumors has been attributed to se-
veral causes. First, peritumoral malignant infilt-
ration into neighboring normal liver parenchyma
can result in intermingling of non-hepatocellular
malignant cells with normal hepatocytes in the pe-
ripheral region of liver metastasis. Second, comp-
ression of surrounding normal liver tissue by a
metastatic tumor mass may lead to impaired
MnDPDP excretion or persistent MnDPDP reten-
tion because of the compressed bile canaliculi in
these areas (19, 21, 22). Kane et al. (19) reported
such a rim-like enhancement phenomenon in a pa-
tient with CCC, which is known to infiltrate ne-
ighboring normal liver tissue. In our study,
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rimlike enhancement 1on MnDPDP-enhanced
MRI was demonstrated in all patients with CCC,
in 14 metastases, and in 11 hemangiomas. The
rim-like enhancement is usually observed in me-
tastatic malignant tumors, but rim-like enhance-
ment pattern is not specific or pathognomonic.

Serious adverse events with MnDPDP-enhanced
MRI are rare and are not contrast-related. The
most commonly reported adverse events are na-
usea and headache (10, 23, 24). The injection-asso-
ciated discomforts of heat and flushing are most
common with higher injection rates and are pro-
bably related to peripheral vasodilatation (10, 23).
In our study, tolerance of MnDPDP was good. No
patient experienced adverse reactions, injection-
associated discomfort or change in vital signs after
slow intravenous infusion over a period of 15 min.

In conclusion, MnDPDP-enhanced MRI permits

reliable distinction between hepatocellular and
non-hepatocellular tumors. MnDPDP-enhanced
MRI can show more functional and morphologic
features of hepatocellular lesions, and is helpful in
differentiating between FNH and HCC. Some non-
hepatocellular lesions which were not detected on
unenhanced MRI are visualized after contrast en-
hancement of the liver. The rim-like enhancement
demonstrates in patients with non-hepatocellular
lesion such as metastasis, CCC, and hemangioma.
Thus, rim-like enhancement pattern is not specific
for metastases.

MnDPDP-enhanced MRI can be reserved as a di-
agnostic tool (before turning to invasive procedu-
res) when the diagnosis is inconclusive by other
imaging findings, combined with clinical informa-
tion. MnDPDP-enhanced MRI is safe and well to-
lerated and may aid in noninvasive diagnosis of li-
ver lesions.
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