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Abstract

Background: To determine the incidence of hyperin-
tensity on T1-weighted spin echo (SE) imagesin benign
liver lesions, value of fat-suppressed magnetic reso-
nance (MR) imaging for the detection of fat within these
lesions, and the causes of hyperintensity by correlation
to pathologic examinations.

Methods: Five hundred forty-nine patients with 805 be-
nign liver lesions including 585 hemangiomas, 188 fo-
cal nodular hyperplasias (FNHSs), 14 hepatic adenomas
(HASs), 14 foca fatty infiltrations (FFls), two biliary
cystadenomas, and two hemorrhagic cysts were exam-
ined by T2-weighted and T1-weighted SE MR imaging.
For hyperintense lesions on T1-weighted SE images,
fat-suppressed images were obtained by selective pre-
saturation of fat.

Results: Thirty-two lesions (four FNHs, 10 HAs, 14
FFls, two biliary cystadenomas, and two hemorrhagic
cysts) appeared hyperintense on T1-weighted SE im-
ages; 21 of these became hypointense on the fat-sup-
pressed T1 weighted SE images (one FNH, six HAs,
and 14 FFIs) and contained fat at pathological exami-
nation. The other 11 lesions remained hyperintense on
fat-suppressed T1-weighted SE images and had no fat
deposition. Causes of hyperintensity in these caseswere
sinusoidal dilatation, copper deposition, hemorrhage,
and high protein content.

Conclusion: Among benign liver lesions, hyperintensity
on T1-weighted SE images is rare (3.9%). Causes of
this hyperintensity are fat deposition, copper accumu-
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lation, sinusoidal dilatation, hemorrhage, and high pro-
tein content. Fat-suppressed imaging can distinguish fat
deposition from other causes of hyperintensity.

Key words: Magnetic resonance (MR), fat suppres-
sion—Liver, MR—Liver neoplasms.

Most benign liver lesions are hypointense or isointense
on T1-weighted spin echo (SE) magnetic resonance
(MR) images. Hyperintense lesions on these images
form aspecial diagnostic category. The previousarticles
that surveyed the spectrum of hyperintense lesions on
T1-weighted SE images have concentrated on malig-
nant neoplasms more than on benign lesions[1, 2]. Fur-
thermore, chemical-shift MR imaging has been used to
assess the presence of intratumoral fat [2], but selective
fat saturation has not, to our knowledge, been used to
differentiate fat from other causes of hyperintensity in
alarge series of hyperintense hepatic lesions. The pur-
pose of our study, which includes a large series of be-
nign liver lesions, was to determine (1) frequency of
high signal intensity on T1-weighted SE images in be-
nign liver lesions, (2) value of fat-suppressed imaging
for the diagnosis of fat deposition within these lesions,
and (3) causes of hyperintensity by correlation of MR
findings and pathologic examinations.

Subjects and methods

Subjects

The MR images of 549 consecutive patients with 805 benign liver
lesions examined over a 4-year period were retrospectively reviewed
for signal intensity on T1-weighted SE images. The lesions included
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585 hemangiomas, 188 focal nodular hyperplasias (FNHSs), 14 hepatic
adenomas (HAS), 14 focal fatty infiltrations (FFIs), two biliary cystad-
enomas, and two hemorrhagic hepatic cysts. The diagnosiswas proved
histologically in 83 lesions (51 FNHs, 14 HAs, 14 FFIs, two biliary
cystadenomas, and two hemorrhagic cysts) and by typical imaging
findings, silent clinical course, and constancy of size and appearance
on imaging follow up for a period of 10 months to 3 yearsin all the
hemangiomas and in 137 FNHSs. Criteria for inclusion in the study,
besides the presence of a benign liver lesion, included the absence of
cirrhosis (determined by normal liver function tests and normal con-
figuration of the liver on imaging) and absence of iron overload (de-
termined by absence of history of hemolysis or blood transfusion and
by preserved contrast between the liver and spleen on MR images).

Thelesionsthat appeared hyperintense on T1-weighted SE images
were selected for detailed image analysis. For all the hyperintense
lesions on T1-weighted SE images, quantitative and qualitative anal-
yses of the images were done, and results of the pathological exami-
nation were reviewed.

MR imaging

All patients were examined at 1.5 T (Magnetom SP 63; Siemens,
Erlangen, Germany) by T2-weighted SE sequence (TR = 2200 ms,
TE = 45 and 90 ms, matrix of 192 X 256, two acquisitions, 8-mm
dlice thickness, and 0.8-mm gap) and T1-weighted sequence (TR =
500 ms, TE = 15 ms, matrix of 192 X 256, three acquisitions, 8-mm
dlice thickness, and 0.8-mm gap). When hyperintensity was observed
in alesion on T1-weighted SE images, fat-suppressed technique was
performed by transmitting achemically selective radiofrequency pulse
centered on the frequency of lipid resonance to drop out the fat signal.
To obtain agood shim status, the liver was centered at the O position
along the z axis; to obtain the best frequency adjustment for each
patient on the lipid peak, a tune-up procedure was achieved with dif-
ferent values of frequency off-set.

Image analysis
Qualitative analysis

MR images of all the 549 patients were reviewed by two radiologists
(D.M., A.R) in concert. The lesionsthat appeared hyperintense on T1-
weighted SE images were assessed for signal intensity versus the sig-
nal intensity of the surrounding liver parenchyma on the fat-sup-
pressed T1-weighted SE images; lesions were defined as hypo-, iso-,
or hyperintense.

Quantitative analysis

For all lesions that appeared hyperintense on T1-weighted SE images,
signal intensity of the lesion and the liver were measured on T1-
weighted SE and fat-suppressed T1-weighted SE images by using op-
erator-defined region of interest (ROI) that was placed manually over
the lesion and encompassed at least 25 pixels. The ROl was placed
within the most homogeneous part. The ratio of the signal difference
between the lesion and surrounding liver parenchyma and noise (SD/
N) was computed as follows: SD/N = (Seson — Sive/SD of the back-
ground noise, where Sson iSthe signa intensity of thelesion and Sy
isthe signal intensity of the surrounding liver parenchyma. Noise was
measured by placing the ROl anterior to the patient in the phase-
encoding direction.
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Pathologic study

For the pathologic study, material obtained from resection specimens
and biopsies was fixed in 10% formalin and embedded in paraffin.
Sections were stained with hematein-eosin-safran, picro-Sirius red
technique, and the Perls method. Rhodanine stain was performed to
detect intratumoral copper.

Results

Thirty-two lesions appeared hyperintense on T1-
weighted SE images. These lesionsincluded four FNHSs,
10 HAs, 14 FFI, two biliary cystadenomas, and two
hemorrhagic cysts. The diagnosis was histologically
proved in these lesions.

Among the 585 hemangiomas, no high signal inten-
sity was noted on T1-weighted SE images.

Among the 188 FNHSs, four lesions (2.1%) were hy-
perintense on T1-weighted SE images. Two of these le-
sions were observed in the same patient (Fig. 1). On fat-
suppressed T1-weighted SE images, two different patterns
were observed: one of the two lesions became hypoin-
tense, whereas the other remained hyperintense. Patholog-
ica examination demonstrated, in addition to the typical
features of FNH in both lesions, accumulation of fat within
the hepatocytes in the lesion, which became hypointense
and sinusoidd dilatation in the lesion and which remained
hyperintense on fat-suppressed images (Table 1). Thetwo
remaining FNHs were hyperintense on both T1-weighted
SE and fat-suppressed images. Histopathological exami-
nation revealed copper accumulation in these two FNHSs.
No hemorrhage was observed in any of the histologically
proved FNHSs. In the histologically proved FNHsthat were
not hyperintense on T1-weighted SE images (47 FNHS),
no copper accumulation, fat deposition, or sinusoidal di-
latation was observed at pathologica examination.

In 10 of 14 HAs(71.4%), ahigh signal was observed
on T1l-weighted SE images. On fat-suppressed T1-
weighted SE images, six of these 10 lesions became
hypointense. On pathologic examination, fatty changes
were present in these six lesions, associated in one case
with sinusoidal dilatation. However, four HAs remained
hyperintense on the fat-suppressed T1-weighted SE im-
ages. Three of these were proved to be hemorrhagic at
pathologic examination (Fig. 2). These three tumors
were observed in women with acute and recent right
hypochondria pain (Table 2). In the remaining tumor,
pathological examination revealed an area of sinusoidal
dilatation clearly separated from another area of fibrous
tissue replacing previous necrosis and hemorrhage. No
intratumoral copper was present on rhodanine stains in
any of the HAs. In the Has that were not hyperintense
on T1-weighted SE images (four HAS), no hemorrhage,
fat deposition, or sinusoidal dilatation was observed.
The two hemorrhagic cysts remained homogeneously
hyperintense on fat-suppressed T1-weighted images
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(Table 3). In both cases, macroscopic examinations
showed hemorrhagic fluid within the cystic cavity. His-
tologically, the lesions were proved to be hepatic cysts
contai ning numerous cellswith hemosiderin deposition.
Thelining cells of the cystswere regular and surrounded
by thick inflammatory fibrosis.

Fig. 1. Hyperintense FNHs on T1-weighted SE-images. A Unenhanced
computed tomography. A large central lesion is characterized by hypoat-
tenuating and negative values (-19 HU). B T1-weighted SE image (484/
15) shows two hyperintense lesions: a central lesion (arrows) and a sub-
capsular lesion (arrowheads). C On fat-suppressed T1-weighted images
(484/15), the centra lesion is hypointense (fat accumulation) and the
subcapsular lesion is hyperintense (sinusoidal dilatation). D Photomicro-
graph of the central lesion (hematein-eosin-safran; original magnifica-
tion, x130) demonstrates fat deposition within the hepatocytes, inflam-
matory fibrous tracts, and ductular proliferation (*). E Photomicrograph
of the subcapsular lesion (hematein-eosin-safran; originad magnification,
X250) demonstrates sinusoida dilatations (arrowheads).

In the 14 patients with FFI, the lesion became hypoin-
tense on fat-suppressed T1-weighted SE images (Table 4).
Higtopathological examination demonstrated foci of hepa-
tocytes, with intracellular fat vacuoles in dl these lesons.

Thetwo benign biliary cystadenomas remained hy-
perintense on fat-suppressed T1-weighted SE images.
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Table 1. FNH with high signal intensity on SE T1-weighted images (n = 4): pathological findings and SD/Ns (mean + SD) for three pulse

sequences

Lesions Pathology SE T1-weighted Fat-suppressed SE SE T2-weighted
T1-weighted (TE = 90 ms)

1 Fatty infiltration 61+21 -33+18 80+ 26

1 Sinusoidal dilatation 18+ 05 40+ 18 6.6 + 23

1 Copper accumulation 48 = 0.7 72+ 05 78+ 05

1 Copper accumulation 38+05 54+ 15 76 +23

Table 2. Hepatocellular adenoma with high signal intensity on SE T1-weighted images (n = 10): pathological findings and SD/Ns

(mean + SD) for three pulse sequences

Lesions Pathology SE T1-weighted Fat-suppressed SE SE T2-weighted
T1-weighted (TE = 90 ms)

5 Fatty infiltration 151 + 36 -128 = 4.0 44+ 21

1 Fatty infiltration and sinusoidal dilatation 6.5+ 26 —-7.7+28 22+ 11

3 Hemorrhage® 175+ 35 283 + 4.0 68.7 + 84

1 Sinusoidal dilatation 56 = 1.6 81x21 1.7+08

# These three lesions occurred in women with acute right hypochondrial pain, respectively, 2 months, 3 weeks, and 1 week before MR examination

Table 3. Hemorrhagic cyst with high signal intensity on SE T1-weighted images (n = 2): pathological findings and SD/Ns (mean = SD) for

three pulse sequences

Lesions Pathology SE T1-weighted Fat-suppressed SE SE T2-weighted
T1-weighted (TE = 90 ms)

1 Hemorrhage 213+ 25 303+ 40 R7+24

1 Hemorrhagic 156 + 1.6 241+ 20 70.7 = 1.8

In one of these cases, pathological examination re-
vealed a cystic lesion with mucinous content lined by
a single layer of benign PAS-positive cubocolumnar
epithelial cells and surrounded by fibroustissue. In the
other case, pathological examination revealed a cystic
lesion containing hemorrhagic fluid lined by nonmu-
cinous (PAS-negative) benign epithelial cells with
papillary projections.

Among the 32 lesions that appeared hyperintense on
the T1-weighted SE images, 21 lesions appeared hy-
pointense on the fat-suppressed T1-weighted SE images
(one FNH, six HAs, and 14 FFIs). Pathological exam-
ination confirmed the presence of excessive fat depo-
sition in al these lesions (Fig. 3), associated in one of
the HAs with sinusoidal dilatation (Fig. 4). In the re-
maining 11 lesions, which remained hyperintense on
fat-suppressed T1-weighted SE images, no excessive fat
deposition was observed at pathological examination
(Figs. 5, 6). The pathological features in these cases
were sinusoidal dilatation in two lesions (one FNH and
one HA), copper deposition in two FNHs, hemorrhage
in six lesions (three HAs, two hemorrhagic cysts, and
one biliary cystadenoma), and high protein content in
one biliary cystadenoma.

Discussion

The demonstration of a high signal intensity in benign
liver tumorsisrather rare and was observed in 32 of the
805 lesions of our series (3.9%). However, our study
did not include cases of benign liver lesionsin cases of
cirrhosis or hepatic iron overload, which excludes the
regenerative nodules that are notorious for their malig-
nant potential and that may appear hyperintense on T1-
weighted SE images [3, 4]. This study also excludes
benign lesions that may occur in cases of hepatic iron
overload. Such lesions would appear hyperintense due
to the extremely low signal intensity of theliver and not
due to their own high signal intensity.

Our results confirm that hemangioma showed no hy-
perintensity on T1-weighted SE images. To our knowl-
edge, hyperintensity of hemangioma on T1-weighted
SE images has never been reported in the literature.

Our results showed that hyperintensity of benign he-
patic lesions on T1-weighted images can be due to dif-
ferent pathological changes including fat deposition,
copper accumulation, high protein concentration, blood
degradation products, or sinusoidal dilatation. The
mechanism by which hyperintensity occurs is different
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Fig. 2. Hepatocellular adenoma with hemorrhage. Hyperintense subcapsular lesion is shown on
al sequences. A T1-weighted SE image (420/15). B Fat-suppressed T1-weighted images (420/
15). C T2-weighted SE image (2200/90). A hypointense rim is seen around the lesion, denot-
ing hemosiderin deposition.

Fig. 3. Hepatocdllular adenoma with fat accumulation. A T1-weighted SE image (420/15). The le-
sion is hyperintense. B Fat-suppressed T1-weighted images (420/15). The lesion is hypointense.

C Pathologic examination of the resected tumor. The difference between the normal liver (upper)
and the liver cell adenoma, which demonstrates macrovesicular and microvesicular fat deposition
(lower), is obvious. Compressing liver parenchyma is seen in between the normal liver and the liver
cell adenoma (hematein-eosin-safran; origina magnification, x130).
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in these different situations. Fat deposition has high sig-
na due to its short T1. Copper causes high signal due
to its paramagnetic effect [5]. High protein concentra-
tion causes high signal due to the bound water content
within the macromolecular proteins. The signa inten-
sity of hematoma depends on its age; its high signal is
attributed to the paramagnetic effect of methemoglobin
and the increase in protein concentration caused by the

Fig. 4. Hepatocellular adenoma with sinusoidal dilatation. A T1-weighted
SE image (484/15). The lesion is hyperintense relative to the liver, with a
hypointense anterior area. B Fat-suppressed T1-weighted images (484/15).
The lesion is well demarcated from the surrounding parenchyma and ap-
pears hyperintense relaive to the liver, with a hypointense anterior area.

C Pathologic examination of the resected tumor. In the posterior hyperin-
tense area on the T1-weighted SE image, a sinusoidd dilatation was pre-
dominant (arrows), combined with fatty deposition (arrowheads). The
hypointense anterior area on SE T1-weighted images corresponded to a fi-
brous tissue replacing the previous hemorrhage (hematein-eosin-safran;
origind magnification, x32).

Fig. 5. Focal fatty infiltration, multinodular form. A T1-weighted SE image
(420/15). Multiple nodules appear hyperintense relative to the liver. Notice
the chemica-shift artifact, present close to the fatty aress, in the frequency-
encoding direction (arrows). B Fat-suppressed T1-weighted images (420/
15). The nodules are hypointense relative to liver.

increase in number of red blood cells per unit volume
[6]. The mechanism by which sinusoidal dilatation
causes high signal on T1-weighted images is not fully
understood. Sinusoidal dilatation occurs in HA, partic-
ularly in women who use oral contraceptives. Arrive et
al. demonstrated this dilatation in 17 of 30 hyperintense
lesions on T1-weighted SE images [7]; Vilgrain et al.
aso demonstrated this in two FNH lesions [8]. A pos-
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Table 4. FFI with high signal intensity on SE T1-weighted images (n = 14): pathological findings and SD/Ns (mean = SD) for three pulse

sequences

Patients Pathology SE T1-weighted Fat-suppressed SE SE T2-weighted
T1-weighted (TE = 90 ms)

14 Focal fatty infiltration 74+ 23 -144 + 38 1.8+0.8

Fig. 6. Focal fatty infiltration, infiltrative form. A T1-weighted SE
image (420/15). Large area is hyperintense relative to the liver. Note
the portal vessel within this area (arrow). B Fat-suppressed T1-
weighted images (420/15). The area is hypointense relative to the
liver.

sible explanation for the hyperintensity of the lesions
with sinusoidal dilatation might be the slow flow of
blood, which resultsin an increase of its viscosity or the
possible associated thrombosis.

In our study, hyperintensity of FNH on T1-weighted
SE images was due to fat deposition, copper accumu-
lation, or sinusoidal dilatation. In six previousy pub-
lished series of FNH, including 153 lesions examined
at different field strengths varying from0.35 Tto 2 T,
five lesions (3.3%) have been described as hyperintense

on SE T1-weighted images [8—13]. Pathological study
was availablein four of thesefive FNHs. Hyperintensity
was explained by intralesional hemorrhage in one case
[10] and by sinusoidal dilatation in two FNHs [8]. In
one FNH, no explanation for hyperintensity was found
at pathological examination [8]. Furthermore, Mitchell
et a. reported a single FNH, which was hyperintense
on T1l-weighted SE images [2]. This lesion demon-
strated intralesional fatty infiltration; however, thisFNH
occurred in afatty liver, and the intralesional fat depo-
sition was explained as an exaggerated expression of
the patient’ s native pathology [2]. Copper accumulation
has been described as a cause of hyperintensity on T1-
weighted SE images in hepatocellular carcinoma [5].
However, to our knowledge, hyperintensity due to ac-
cumulation of copper within FNH has not been previ-
ously reported. Copper accumulation occurs in associ-
ation with cholestasis in primary biliary cirrhosis [14].
Because cholestatic features such as candicular bile
plugs can also occur in FNH [15], we attribute copper
accumulation in our two FNH lesions to cholestasis.
However, there should be some other contributing fac-
tors because cholestatic features are relatively common
within FNH, whereas copper accumulation is quite rare.

In comparison with FNH, HAs have a striking ten-
dency to be hyperintense on T1-weighted images. Dif-
ferent studies and isolated case reports have emphasized
that hyperintensity and heterogeneity of these tumors
can be related to fatty deposition or hemorrhage[7, 16—
22]. This high signal intensity relative to the liver has
been observed in 10 of our 14 HA lesions (71.5%).
These results confirm the recent data published by Paul-
son et a., which demonstrated a high signal intensity in
51 (77%) of 66 HAs observed in 14 patients [17], and
those reported by Arrivé et a., which demonstrated a
high signal intensity in 30 (59%) of 51 HAs observed
in 29 patients [7]. In our study, hyperintensity of HA
could be attributed to fat deposition in five lesions, to
combined fat deposition and sinusoidal dilatation in one
lesion, to hemorrhage in three lesions, and to sinusoidal
dilatation in one lesion.

Focal fatty infiltration can assume a variety of ap-
pearances, ranging from the involvement of only asmall
area of the liver to involvement of the entire liver with
only small areas of spared normal hepatic parenchyma.
In rare presentations (e.g., nodular, patchy, or irregular
areas), it can be difficult to distinguish FFI from malig-
nant lesions.
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Our results show that fat saturation is sensitive for
the detection of fat deposition in hyperintense lesions
on T1-weighted SE images. All the hyperintenselesions
that became hypointense on fat-suppressed images were
proved to have fat deposition at pathological examina-
tion, whereas none of the lesions that remained hyper-
intense on those images showed excessive fat deposi-
tion. Furthermore, al the lesions that were shown to
have fat on the fat-suppressed images were built up of
hepatocytes. Thus, fat-suppressed imaging would be
clinically valuable by narrowing the differential diag-
nosis of the hyperintense lesions to those lesions that
are composed of hepatocytes. A very rare exception
would be the lipomatous tumors and hamartomatous le-
sions of the liver such as lipomas, myolipomas, and an-
giomyolipomas [23].

Hyperintensity on T1-weighted SE images can aso
be observed in malignant liver tumors, including mel-
anoma metastases and primary hepatocellular carci-
nomall, 2, 24]. In addition to fat deposition, high signal
intensity of hepatocellular carcinoma on T1-weighted
images can be explained by hemorrhage, necrotic cav-
ities containing proteinous material, or copper deposi-
tion [5, 25—27]. For small hepatocellular carcinomas,
less than 3 cm in diameter, the frequency of a high sig-
nal intensity varied from 31% to 41% and was observed
particularly in clear cell tumors [25-27]. This fre-
quency drops to 24% for lesions more than 3 cm in
diameter [27]. Considering that hyperintensity on T1-
weighted SE images can occur in malignant and in be-
nign focal hepatic lesions, biopsy or surgery may be
required to differentiate these tumors [28].
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