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Hyperintense Cirrhotic Nodules on MRI
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Abstract. Descriptions of regenerating nodules of
cirrhosis indicate that they are often isointense to
liver parenchyma on magnetic resonance imaging
(MRI). Regenerating nodules of cirrhosis can occa-
sionally appear hypointense on all MRI sequences
due to iron deposition within the nodules. We re-
viewed 21 cases of pathologically proven mixed or
macronodular cirrhosis using MRI. In five patients,
nodules appeared as hyperintense to liver paren-
chyma on short TR/TE images and were isointense
on long TR/TE or GRASS images. In another five
cases, nodules appeared hypointense on either long
TR/TE or GRASS images, and corresponding hy-
pointense nodules were observed on short TR/TE
images in one of these patients. Our findings suggest
that regenerating nodules of cirrhosis may have a
more variable appearance on short TR/TE images.
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Imaging of the cirrhotic liver is often performed to
identify hepatocellular carcinoma, which is found
with an increased incidence in cirrhosis. As the cir-
rhotic liver has a heterogeneous architecture created
by repeated episodes of scarring and regeneration,
identifying hepatocellular carcinoma in its nodular,
as well as its infiltrating form, can be difficult. On
magnetic resonance imaging (MRI), regenerating
nodules are often isointense. No suspicion of tumor
is created by this isointense appearance. Regenerat-
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ing nodules of cirrhosis are occasionally detected by
MRI as hypointense nodules on short TR/TE, long
TR/TE, and FLASH images [1-3]. These regenerat-
ing nodules can be differentiated from tumor, such
as hepatocellular carcinoma, which is hypo- or hy-
perintense on short TR/TE and iso- to hyperintense
on long TR/TE or FLASH [4]. We have observed
another appearance of nodularity in the cirrhotic
liver, which may represent regenerating nodules,
which appear hyperintense on short TR/TE while
not being identified on long TR/TE or GRASS. We
reviewed the MRI appearance of these nodules with
a retrospective study of preoperative images in 21
patients that had pathologically proven macronodu-
lar or mixed micro-macronodular cirrhosis.

Methods and Materials

A computer search of the pathology records over a 1-year period
identified 132 patients who subsequently underwent total hepatec-
tomy for liver transplantation and had a pathological diagnosis of
macronodular or mixed cirrhosis without tumor. Preoperative
MRI had been performed in 21 of these patients to document the
status of the portal venous circulation. MRI sequences were ob-
tained in the axial plane, with a 1.5-Tesla Signa System (General
Electric Co., Milwaukee, WI, USA). The MRI studies were per-
formed a mean of 7.3 weeks (range between 2 days and 37 weeks)
prior to the liver resection. Slice thicknesses were 10 mm with
interposed 2-mm gaps using a 128 x 128 matrix. Short TR/TE
spin-echo pulse sequences were performed in all 21 cases. In
addition, five cases were imaged using GRASS, 13 were imaged
with long TR/TE, and three were imaged with both GRASS and
long TR/TE sequences. The short TR/TE sequences were per-
formed with respiratory compensation and spatial presaturation
to decrease motion artifact. Similarly, the long TR spin-echo se-
quences were performed with respiratory compensation, spatial
presaturation, and cardiac gating. GRASS studies were per-
formed preferentially in patients with large amounts of ascites.
Since motion artifact related to ascites rendered some long
TR/TE images uninterpretable, the GRASS sequences were ac-
quired during a single breath to reduce this artifact.

The protocol for pathological examination at our institution,
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Fig. 1. MRI (TE 20, TR 400). Many small hepatic nodules are
hyperintense to the surrounding parenchyma. The caudate lobe is
also relatively bright.

Fig. 2. MRI (TE 20, TR 400). Tiny nodules are present within the
liver and are hyperintense when compared to adjacent hepatic
parenchyma.

Fig. 3. MRI (TE 25, TE 500). Multiple large, high-signal hepatic
nodules are identified. These large nodules contain central vascu-
lar structures.

Fig. 4. On MRI GRASS imaging sequence TE 25, TR 100, and
angle of 10°, many small, low-intensity nodules are present
throughout the liver. Several small splenic nodules are also identi-
fied.

which performs approximately 600 liver transplantations annu-
ally, includes a gross examination with I-cm sections of the entire
liver. Multiple sections for histological examination are obtained
throughout the liver at random, and through any large or domi-
nant nodule. All reviewed histological sections of the 21 selected
cases confirmed the diagnosis of macronodular or mixed micro-
macronodular cirrhosis. Gross and microscopic evaluation re-
vealed no evidence of dominant nodules, atypia, or neoplastic
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lesions. Macronodular cirrhosis was defined as having nodules
equal to or greater than 3 mm in diameter [5]. The mean diameter
of the largest nodule in each liver at pathologic evaluation was 8.5
mm (range between 4 and 25 mm). As this study was retrospec-
tive, radiologic—pathologic correlation of specific nodules was not
able to be performed.

Results

On short TR/TE MRI sequences, discrete nodules
hyperintense to adjacent parenchyma were demon-
strated in five of the 21 livers (Figs. 1 and 2). In four
of these patients, the nodules measured approxi-
mately 5 mm; however, in one patient several large
nodules (up to 2.5 cm) with central vascular struc-
tures were present (Fig. 3). Each of these five cases
had additional long TR/TE or GRASS images. In
one patient, long TR/TE images demonstrated a ho-
mogeneous liver without discrete nodularity. In the
other four patients, long TR/TE (in one patient) and
GRASS (in three patients) images were obtained and
showed heterogeneous liver parenchyma typical of
cirrhosis but without discrete lesions.

Long TR/TE liver images were obtained in 16
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patients. Diffuse low-signal nodules approximately 5
mm in diameter were present in three patients, and
two discrete hypointense nodules were identified in
a fourth patient. Corresponding low-intensity nod-
ules were present on short TR/TE images in only
one of these four patients. None of these four pa-
tients with hypointense nodules on long TR/TE im-
ages had ascites. In five cases, we could not assess
the hepatic texture for nodularity because of the
‘*slosh’” motion artifact due to the ascites.

GRASS images were obtained in eight cases.
One case demonstrated 5-mm low-intensity nodules
diffusely, with similar nodules observed in the
spleen (Fig. 4). This liver appeared heterogeneous
but without focal lesions on the long TR/TE images.
No corresponding nodularity was present on short
TR/TE images in the one case of discrete nodules
observed on GRASS images.

Discussion

Regenerating nodules are often not identified on
MRI, indicating that they are usually isointense to
liver parenchyma on all imaging sequences [1-3].
When detected, regenerating nodules have been re-
ported as small, low-intensity nodules seen in the
minority of patients on short TR/TE and slightly
more often on long TR/TE or FLASH images [1-3].
The etiology for this appearance is suspected to be
iron deposition [3]. Our study confirms the finding of
low-intensity nodules on short TR, long TR, or
GRASS images in some cirrhotic patients with re-
generating nodules. The hypothesis of iron deposi-
tion is supported by one case of low-signal nodules
observed on GRASS images within the spleen, as
well as the liver. Low-signal nodules in the spleen
have previously been described as siderotic nodules
[6l.

The hypointense appearance of regenerating
nodules due to iron deposition occurs only occasion-
ally. Certainly not all regenerating nodules contain
iron [3]. Nodules that are not seen on MRI presum-
ably do not have enough paramagnetic material to
appear dark. Such nodules may be isointense [1-3].
We report five patients with high-intensity hepatic
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nodules on short TR/TE images. The nodules in
these five patients were isointense to hepatic paren-
chyma on long TR/TE or GRASS images. The etiol-
ogy for these bright nodules is uncertain, but no tu-
mor was noted at macroscopic or microscopic
pathologic examination. In addition, no dominant
mass was identified macroscopically to suggest pre-
malignant adenomatous hyperplastic nodules [4, 7].
As the benign regenerating noduie was the only en-
tity identified both macroscopically and microscopi-
cally, it remains the current diagnosis for the hy-
perintense lesions found on short TR/TE.

In summary, bright lesions on short TR/TE im-
ages without corresponding nodules on long TR or
GRASS images can be found in the cirrhotic liver.
Such lesions may represent benign regenerating nod-
ules, and not necessarily adenomatous hyperplastic
nodules or hepatocellular carcinoma containing fat.
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