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Early detection of liver metastases is important in patients with known primary malig-

nancies. This plays an important role in treatment planning and impacts on further

Magnetic resonance imaging (MRI), computed tomography (CT), and positron emis-
sion tomography-computed tomography scans are reported to have high accuracy in
the diagnosis of intrahepatic lesions. MRI in particular has the advantages of its high

Hepatic metastatic lesions have considerable overlap in their radiological appearance,
and in this article the imaging appearance of various hepatic metastasis and approach

Abstract
management of certain primary malignancies.
Keywords tissue sensitivity and its multiparametric approach.
= hepatic metastases
= MRI
~CT is described.
Introduction

Liver metastases are the commonest liver tumors and one
of the most common indications for liver imaging. Approx-
imately 25 to 50% of the patients who die with a malignancy
have liver involvement.! However, the incidence of benign
liver lesions, even in patients with a known malignancy,
exceeds that of metastases and it has been reported that 51
to 58% of the small liver lesions (<1-1.5 cm) in patients with
an underlying malignancy are benign.?3

Imaging of the liver in patients with a known malig-
nancy requires a modality that not only provides high
sensitivity, but also provides reliable characterization of
lesions, thus allowing differentiation of malignant from
benign tumors.

With recent improvements in liver resection technique
and options of local ablation of metastases, accurate assess-
ment of the number, size, and segmental location of metas-
tases is required to identify patients that are suitable for
surgical or interventional therapy. This is also useful for
treatment planning and follow-up imaging post chemother-
apy. The resection of solitary metastasis has shown better
survival in certain malignancies like colorectal carcinoma,
carcinoma thyroid, renal cell carcinoma, and some endo-
crine tumor.*
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The volumetric data acquired from imaging are important
in determining liver reserve for extended resections.’

The choice of imaging varies significantly across institu-
tions depending on local radiologist expertise and preference,
availability of type of equipment. Patient-related factors such
as renal failure, cardiac pacemakers, and contrast allergy may
also impact the choice of imaging modalities.

Advances in imaging techniques, notably computed
tomography (CT), magnetic resonance imaging (MRI),
ultrasound (US), positron emission tomography (PET), and
integrated positron emission tomography-computed tomog-
raphy (PET-CT) imaging, have increased the ability to detect
and characterize focal liver lesions.

To summarize, imaging has the following important roles
in the assessment of liver metastases:

 Screening for metastatic disease.

 Characterization and differentiation of metastasis from
benign lesions.

* Presurgical segmental localization for evaluation of
resectability.

* Volumetric evaluation of liver lobes and segments prior to
surgical resection.

* Monitoring treatment
treatment.

and surveillance following
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Ultrasound

US is the most widely available modality for liver imaging.
The major advantages of US are its temporal resolution and
availability. It offers a rapid noninvasive method for screen-
ing patients with suspected liver metastases.

The ability to visualize a lesion in the liver is dependent on
liver to lesion contrast and spatial resolution. Smaller lesions
that are hypoechoic or hyperechoic are well visualized, while
smaller isoechoic lesions may be overlooked. US is dependent
on the operator and on the body habitus of the patient. The
subdiaphragmatic area can often be a blind spot on US. Ultra-
sound is therefore no longer viewed as the primary imaging
modality to diagnose metastases.®

The US appearance of metastases varies with different
primaries and changes with subsequent chemotherapy.
Hypoechoic appearance is more common (approximately
65%) than isoechoic or hyperechoic metastases.” Metastases
from breast, lung, pancreas, stomach, and colon cancers are
predominantly hypoechoic (=Fig. 1A). Cystic liver metastases
may be seen in metastases from ovarian and pancreatic can-
cers (=Fig. 1B). Occasionally, metastases may have a target
pattern. This refers to iso/hyper/or occasionally hypoechoic
center with a hypoechoic rim or periphery. This appearance
is quite specific for hepatic metastases (=Fig. 1C, D).’

Hyperechoic metastases are less prevalent and are usually
secondary to thyroid and renal primaries (~Fig. 1E). Metasta-
ses may have calcification, particularly from treated mucinous
adenocarcinomas and rarely from osteosarcomas (~Fig. 2).

D
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An important differential for hyperechoic lesions in the
liver is hemangiomas. A differentiating factor is the presence
of posterior acoustic enhancement in hemangiomas. How-
ever, hemangiomas with atypical features may be difficult to
distinguish from metastases

Mass effect is important for the detection of isoechoic
lesions. It manifests as deviation or invasion of the intrahe-
patic vasculature and/or bulges in the liver contour.”

US has moderate sensitivity for detection of hepatic
metastases. A meta-analysis demonstrated the sensitivity

Fig. 2 Ultrasound showing a focal calcified metastatic deposit in the
liver (white arrow) seen in mucinous adenocarcinoma of stomach,
colon, and ovaries.

Fig. 1 Ultrasound appearances of liver metastases. (A) Hypoechoic lesion (white bold arrow)—most commonly seen in lung cancer, breast can-
cer, pancreatic adenocarcinoma. (B) Cystic metastases (black bold arrow) seen in ovarian cancer, squamous cell carcinoma. (C,D) Hyperechoic
lesion (white bold arrow) with peripheral halo-target sign-highly specific for metastases-lung cancer. (E) Hyperechoic metastases (black arrow)
seen in endocrine tumors of pancreas, renal cell carcinoma, thyroid carcinoma, colorectal carcinoma.
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and specificity of US in detection of colorectal metastases to
be 63.0 and 97.6%, respectively.®

Doppler Imaging

Hypoechoic metastases usually demonstrate minimal
peripheral vascularity and hyperechoic lesions on the other
hand show increased vascularity within the lesion. Doppler
studies may be useful in diagnosing focal fatty changes, focal
nodular hyperplasia (FNH), and benign biliary cysts. In FNH,
a spoked-wheel pattern may be seen within the lesion. In
focal fatty changes normal vessels are seen running through
the area of altered echotexture and in cases of cysts no color

uptake seen within.

Contrast-Enhanced Ultrasound

Multiple studies have demonstrated a high accuracy for
contrast-enhanced ultrasound (CEUS) in characterizing and
detecting liver lesions, in the range of 87 to 91%,°'° which is
nearly equivalent to MRI.

However, reports in the literature are variable. Vialle et al'®
recently published data to indicate CEUS to be significantly
inferior to CT in the preoperative detection of liver metasta-
ses (sensitivity CEUS 64.5 vs. CT 80.4%) referenced to intraop-
erative ultrasound examinations (IOUS).'” Reasons for above
could be due to skill set of observer, poorly standardized
landmarks for CEUS, and poor reproducibility.

Drawbacks of CEUS are similar to conventional US includ-
ing operator dependency, limitation in obese or uncooper-
ative patients and meteorism or intestinal interposition.
Further limitations arise from the limited spatial resolution
resulting in the smallest detectable metastases in the range
of 3 and 5 mm."®

In the evaluation of liver lesions, arterial-phase imaging
on CEUS provides incremental value in lesion characteriza-
tion, whereas the portal venous phase (PVP) and delayed
phase improve lesion detection as almost all metastases
show washout, unlike with CT and MRI, where shift of con-
trast into the interstitial space may conceal washout.'

Imaging of Hepatic Metastases Patil et al.

Appearances on arterial phase depend on the extent
of arterial supply/perfusion. Hypervascular metastases
seen in thyroid, renal, and occasionally breast carcinomas
show homogenously enhancing lesions with some lesions
showing necrotic areas centrally during the arterial phase
(=~Figs. 3A and 4). Hypoechoic metastases which are com-
monly seen in gastrointestinal primaries have poor arte-
rial perfusion and hence show peripheral enhancement’
(~Fig. 3B).

At the start of the portal phase, peripheral enhance-
ment washes out with the lesion appearing increasingly
hypoechoic. During the delayed phase, metastases are often
very well defined, often with sharp, “punched out” borders.”

Both portal-venous and delayed phase imagings mark-
edly increase the contrast between the enhancing normal
liver and the nonenhancing metastases and thus improve
detection.

Fig. 4 Contrast-enhanced ultrasound of liver showing nonenhancing
hypoechoic lesions (black arrow) in liver—hypovascular metastases.

Fig. 3 Contrast-enhanced ultrasound of liver showing (A) multiple enhancing lesion in liver suggestive of hypervascular metastases and
(B) hypoechoic lesions (white arrow) in liver and shows enhancement (blue arrow) on postcontrast study.
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The major advantage of CEUS is the ability to use it in
patients who may have MRI contraindications (such as pace-
makers) or in patients who cannot undergo contrast CT/MRI

examinations due to renal impairment.

Intraoperative Ultrasonography

IOUS is an accurate and sensitive imaging technique for
detecting liver metastases at the time of primary tumor
resection or resection of previously identified hepatic
metastases.?0-4

Dedicated high frequency transducers (5-10 MHZ), such
as I-shaped or flat T-shaped linear probes allow nearly the
entire liver to be scanned, including blind spots like the
hepatic dome and the right lateral portion without image
quality degradation due to overlying structures such as sub-
cutaneous fat, bowel gas, or the ribs.® Furthermore, I0US
provides real-time imaging capabilities, and thus, under
IOUS guidance, it is possible to perform intraoperative diag-
nostic and therapeutic procedures for focal hepatic lesions
like intraoperative ethanol injection, radiofrequency abla-
tion (RFA), and microwave ablation (MWA).#°2526 [OUS has
the advantage of an excellent spatial resolution with a good
sonic window, capability of performing procedures from var-
ious planes and angles that may shift over the course of an
operation, and accessibility, especially in procedures involv-
ing deeply located lesions or lesions hidden by overlying
structures.>*”28

There is no doubt that IOUS increases both the sensitivity
and accuracy of the detection of focal hepatic lesions com-
pared with conventional gray-scale ultrasonography.!”'® In
fact, some studies have shown that IOUS is comparable to MRI.

Conlon et al*® reported that in patients with hepatic
metastases from colorectal cancer, IOUS identified additional
hepatic lesions in 47% of the patients compared with preop-
erative MRI. Several other authors have reported similar find-
ings31213 and have suggested that I0US should be routinely
employed during hepatic resection for colorectal metastases.

Wagnetz et al, however,” reported that the sensitivities of
multidetector computed tomography and MRI were equiva-
lent or higher to that of IOUS in the identification of hepatic
segments involved in hepatic malignancies, as well as having
a higher predictive value for identifying tumor-free hepatic
segments. This has been supported by other authors too?-
31 and hence it can be argued that though IOUS is a sensi-
tive and accurate imaging technique for detection of focal
lesions, particularly in colorectal metastases, multidetector

CT (MDCT) and MRI yield similar results.

Computed Tomography

CT is the preferred examination for initial assessment and
subsequent surveillance for metastatic disease after diagno-
sis of a primary neoplasm due to its ability to image the liver
and potential sites of extrahepatic disease (i.e., nodes, perito-
neum, chest) during the same examination.*
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Current MDCT scanners provide increased speed of acqui-
sition with high resolution during a single breath hold, thus
eliminating artifacts. Usually the initial scan in a patient with
a known malignancy who is being evaluated for the presence
of liver metastases is a multiphase scan. Multiphase CT is
known as a reliable method in the detection of liver metasta-
ses, reaches sensitivity of approximately 92%,%? Kuszyk et al*
showed an overall sensitivity of 91% for portal venous phase
scanning in detecting malignant liver tumors greater than
1 cm, but only a sensitivity of 56% for lesions smaller than
lcm.

Several studies have reported improved detection and
characterization using multiphase scanning. Bonaldi et al*
reported the detection of an additional 8% of lesions using
dual-phase scanning. Hollett et al** showed an increase in
detection and conspicuity of malignant lesions smaller than
1.5 cm using this technique.

Most metastatic deposits are best visualized on a portal
venous phase unless hypervascular metastases such as those
from renal, thyroid, breast, carcinoid, islet cell, and mela-
noma malignancies are being imaged which are well seen in
the arterial phase.*' The addition of arterial phase scans rou-
tinely does not result in greater yield or conspicuity of metas-
tases and may not be required in all cases.*s*’

Honda et al concluded that adding a late arterial phase
to a two-phase imaging consisting of unenhanced and PVP
improved the detectability, especially for lesions <10 mm in
size® and Silverman reported an increased lesion detection
rate of 8 to 13% by adding late arterial phase to portal venous
phase.*

Follow-up particularly in cases where the metastases are
best visualized in the portal venous phase can be done in one
phase to reduce radiation burden.

Liver metastases become less conspicuous or even com-
pletely obscured in the equilibrium phase (beginning
approximately 100 seconds after injection initiation).*!
Hence equilibrium phase is not routinely recommended for
detection of liver metastases.

CT has a lower sensitivity for nodules of <10 mm and partic-
ularly for nodules of <5 mm, while the sensitivity reaches 100%
for larger (>20 mm) nodules. Further studies are required to
establish the role of alternative imaging modalities, for exam-
ple, gadoxetic acid-enhanced MRI in improving sensitivity in
the detection of subcenter meter hepatic metastases particu-
larly in patients with suspected colorectal liver metastases.*

Imaging Appearances of Liver Metastases on CT
On precontrast images, metastases are usually seen as
hypoattenuating or hypodense lesions. They may be seen
as hyperattenuating lesions if they contain hemorrhage or
high protein such as mucin as in hemorrhagic metastases or
metastases from mucinous tumors (=Fig. 5A, D).
Calcifications may also be seen in metastases from muci-
nous tumors of the ovaries, medullary thyroid cancer, or
mucinous tumors of the gastrointestinal tract and in post
TACE status (~Fig. 5B, C).*!
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Fig. 5 Plain computed tomography showing (A) hypodense lesions with areas of hyperdensity (white arrow) suggestive of fluid layering.
(B) Large hypodense lesion in the right lobe of liver with areas of calcification-postchemoembolization. (C) Hypodense lesion with calcified foci
within, seen in mucinous metastatic deposit. (D) Hypodense lesion with hyperdense content (white arrow) suggestive of hemorrhagic lesion.

On postcontrast imaging liver metastases may be
(=Table 1; =Figs. 6-13):

* Avascular.

* Hypovascular.
* [sovascular.

* Hypervascular.

Other Findings
An uncommon secondary finding, capsular retraction adja-
cent to a mass, has been reported to be highly specific for
malignancy.24

Apicella et al** reported five cases in which hepatic vessels
coursed undisturbed through low-attenuation areas proven
to be metastases. This was previously thought to be related
to steatosis and is an important pitfall which has to be kept
in mind.

MRI

MRI plays an increasingly important role in identifying
hepatic metastases because of the excellent contrast and tis-
sue resolution. MRI helps to detect and also helps to charac-
terize liver lesions and differentiate benign from malignant

masses. It offers high intrinsic soft-tissue contrast, technical
versatility for pulse sequence selection, molecular and ana-
tomical information, sensitivity to blood flow and contrast
enhancement, and multiplanar capability.®> Apart from nor-
mal extracellular agents like gadopentetate dimeglumine,
liver-specific contrast agents like gadoxetic acid (Primovist
or Eovist) or gadobenate dimeglumine (Multihance) helps in
better characterization of lesions. These contrast agents are
taken up to varying degrees by functional hepatocytes and
excreted by bile. They cause T1 shortening of liver paren-
chyma and bile ducts, thereby increasing the contrast to
noise ratio for nonhepatocellular lesions.*

Super paramagnetic iron oxide particles are captured by
the system in the liver and spleen. They cause signal loss of
liver and help in increasing the conspicuity of liver lesion,
although their use has been superceded by liver-specific con-
trast agents.

Protocols include T2-, T1-, T1-weighted chemical shift
imaging, diffusion imaging, and contrast-enhanced multi-
phasic imaging with liver-specific contrast agents including
a delayed scan (hepatobiliary phase).

Timing of hepatobiliary phase using hepatobiliary con-
trast depends on the type of contrast agent used. Recently
hepatobiliary contrast agents have come to the forefront in
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Table 1 Imaging patterns of metastases on CT and MRI

Patterns/Type of primaries cT MRI

Avascular lesion: Lack of enhancement in arterial and venous | Lack of enhancement in arterial
Ovarian metastases phases. and venous phases.
Postchemotherapy or chemoembolization Or

Following ablation (radiofrequency, microwave, and
cryoablation).

Occasional marginal peripheral enhance-
ment in venous phase.

Or

Cystic or necrotic appearance.®

Isovascular
Colonic, thyroid, and breast metastases
Postchemotherapy or chemoembolization.

Similar enhancement to liver parenchyma
(~Fig. 6).

Similar enhancement to liver
parenchyma.? (=Fig. 11).

Hypovascular
Colonic, pancreatic, small bowel, lung, bladder, and
prostatic metastases.

Lesser enhancement than liver parenchy-
ma.

Or

Thin rim like peripheral enhancement in
arterial and later phases (=Fig. 7).

Or

Progressive mild enhancement in the portal
phase but hypodense to background liver
parenchyma.®®

Lesser enhancement than liver
parenchyma.

Or

Thin rim like peripheral enhance-
ment in arterial and later phases.
Or

Progressive mild enhancement in
the portal phase but hypointense
to background liver parenchyma®*
(=Fig. 12).

Hypervascular
Breast, renal carcinoid, neuroendocrine, islet cell,
thyroid, sarcoma, and melanoma metastases.

Intense enhancing lesion in arterial phase
followed by centripetal enhancement with
washout in portal phase (=Fig. 8). Small
lesions may appear as hyperenhancing foci
mimicking hemangiomas (= Fig. 9).

Or

If larger then peripheral thick hyper-
enhancement with progressive central
enhancement® (=Fig. 10).

Intense peripheral thick ring-like
enhancement in arterial phase
followed by progressive centripe-
tal enhancement with peripheral
washout in portal phase.

Or

Intense uniform enhancement on
the arterial phase images and wash
out in portal phase® (=Fig. 13 1, II).

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.

Fig. 6 Computed tomography showing hypodense lesion in liver seen only in portal phase (B, black bold arrow), not visualized in arterial phase

(A) images suggestive of isovascular metastatic deposit.

differentiating whether a lesion is of hepatocellular origin or
not. At our institute, we use multiHance (dose 0.1 mmol/kg)
and perform 1 to 2 hours delay scan. Alternatively, if Eovist
is used (dose 0.025 mmol/kg), imaging of the hepatobiliary
phase is done for 20 to 30 minutes. The advantage of hepato-
biliary contrast agents is that imaging is not phase dependent
and does not have to be precisely timed.

MRI Appearances

Metastases appear predominantly hypointense on
T1-weighted images (=Fig. 14) but occasional high signal
intensity on T1 may be seen due to the presence of paramag-
netic substances for example extracellular methemoglobin

Journal of Gastrointestinal and Abdominal Radiology ISCAR Vol. 3 No. 2/2020

in hemorrhagic metastases, melanin in malignant melanoma
(=Fig. 15), protein in ovarian adenocarcinoma, multiple
myeloma and pancreatic mucinous cystic tumors, and coagu-
lative necrosis in colonic adenocarcinoma.*!

On T2-weighted sequences metastases show mild to
moderate high signal intensity (~Fig. 16).

Few appearances of liver metastases are described*:

 The halo sign: central area of lower signal intensity rela-
tive to the higher intensity tumor periphery, commonly
seen in colorectal carcinoma.

 Target sign: a central area of high signal intensity with
peripheral low signal corresponds to central liquefactive
necrosis (~Fig. 11).
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Fig. 7 (A) Plain CT abdomen showing multiple hypodense lesions in liver (small white arrows). (B) Arterial phase—multiple nonenhancing
hypodense lesions in liver (white arrowheads). (C) Venous and (D) delayed phase—multiple hypodense lesions in liver with mild peripheral wall
enhancement on portal venous phase (black arrows) and delayed phase (black arrowheads). Case of multiple liver metastases from colonic
adenocarcinoma, urothelial cell carcinoma, pancreatic ductal adenocarcinoma, small bowel adenocarcinoma, lung carcinoma, bladder carci-

noma, and prostate carcinoma

* The doughnut sign is seen on T1-weighted images as a
low-signal-intensity rim surrounding and even lower sig-
nal intense center.

Enhancement Characteristics
The vascularity of liver metastases is generally similar to the
vascularity of the primary neoplastic lesion.*s Classically,
metastases from colon, bladder, prostate, and lung carcinoma
are hypovascular, and those from thyroid carcinoma, carci-
noid tumor, neuroendocrine tumor, and renal cell carcinoma
are hypervascular.*’

Four patterns of hepatic
described:

lesion enhancement are

1. Peripheral ring enhancement.
2. Heterogeneous enhancement.
3. Homogenous enhancement.
4. Negligible enhancement.

-
oy
Fig. 8 (A-C) Multiple hypervascular enhancing lesions in liver in arterial phases (black arrows) suggestive of hypervascular metastatic deposits
from known case of endocrine tumor of pancreas.

The enhancement patterns depend on the size of the
lesion with most common and characteristic pattern being
peripheral ring enhancement (=Fig. 17A) especially when
the lesion is larger than 1.5 cm.

On hepatic arterial dominant phase images, the outer
margin of the metastasis representing the most vascular-
ized portion enhances prominently and the inner portion
has negligible enhancement but on the interstitial phase
the outer margin demonstrates a decrease in the degree of
enhancement that may appear as heterogeneous fading to
near isointensity or washout, and the inner area shows an
increase in the degree of enhancement.*!

This centripetal enhancement with peripheral wash out is
as a specific sign for metastases (specificity 100%). Although
present in both hypervascular and hypovascular lesions, the
peripheral washout is more conspicuous and observed more
frequently in hypervascular metastases, particularly in neu-
roendocrine and carcinoid tumors.*
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Fig. 9 Contrast study of liver showing (A) well-defined arterially enhancing lesion (black arrow) with (B) progressive enhancement of lesion on
venous phase (blue arrow) and iso-dense appearance on delayed phase (C, white arrow)—suggestive of flash hemangioma.

-

\ /

Fig. 10 Multiple hypodense lesions in liver on plain CT (A) with peripheral thick wall enhancement on arterial phase (B) and venous phase (C)

with progressive enhancement on the delayed phase (D).

This peripheral ring enhancement may reflect the pattern of
growth of metastases with a parasitic blood supply taken from
the surrounding liver regardless of the abundance of vascular
supply.*® As the tumor reaches a threshold size, only the periph-
eral part remains well vascularized, whereas cells in the central
portion of the tumor lose the close proximity with the vascular
supply and become compressed, necrotic, or replaced by fibro-
sis.>® Peripheral thick enhancement with a central nonenhanc-
ing area gives a target like appearance (~Fig. 17E).

The pattern of homogenous enhancement (=Fig. 17B) is
seen predominantly in lesions less than 1.5 cm. This homoge-
neous early enhancement makes the differentiation of these
metastases from homogeneously enhancing hemangioma
smaller than 1.5 cm problematic, especially in the absence of
other larger metastases.>!

The heterogeneous enhancement (=Fig. 17C) is less com-
mon and is seen in lesions larger than 1.5 cm, it reflects necro-
sis or hemorrhage within the metastases. This pattern is not
specific for metastases, and can be observed in primary malig-
nant liver lesions, especially hepatocellular carcinomas.?’

Negligible enhancement pattern is seen in avascular
metastases (~Fig. 17D).
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There may be perilesional enhancement, which refers to
enhancement that occurs beyond the margins of the lesion
delineated on precontrast images. It is more common in
hypovascular metastases and uncommon in hypervascular
metastases, and may develop due to hepatic parenchyma
compression, associated peripheral desmoplastic reaction,
inflammatory infiltrates, and neovascularization This is
observed most frequently in colon cancer and pancreatic
ductal adenocarcinoma.*!2

In hepatobiliary phase, the contrast gets excreted by liver
and taken up by hepatocytes containing lesions. Hepatic
malignancies and metastases show no contrast uptake and
appear as defects. Other benign lesions like hepatic cysts
and hemangioma, which also do not take up hepatobiliary
contrast, are well characterized by routine multiparametric
magnetic resonance (MR) sequences and contrast character-
istic features.

Studies have showed improved detection of metastases
with diffusion-weighted images compared with T2-weighted
imaging (=Fig. 18) and is explained by the improved image
contrast with the use of low b values and lack of blurring
with single-shot spin echo-planar imaging.>
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Fig. 11 (A) DWI (black arrow) showing multiple focal areas of restricted diffusion. (B) T2-weighted image (arrow) shows corresponding
hyperintensities. (C) Arterial phase imaging shows ring enhancement (arrow). (D) Delayed phase shows target appearance of some of the
lesions (arrow).

Fig. 12 Multiparametric MRI appearance of liver metastases. (A) Axial DWI images showing focal area of restricted diffusion (arrow) with high
signal on T2 weighted image (white arrow). (C) Post contrast there is ring enhancement on arterial phase (arrowhead). (D) There is washout of
contrast on venous phase (arrow). (E) Delayed phase shows washout and hypointense lesion.
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Fig. 13 MRI of the liver: (A) Axial DWI image shows restricted diffusion (arrow). (B) Hypointensity on T1-weighted image (white arrowhead)
(C) Patchy hyperintensity on T2-weighted image (arrow). (D) There is heterogeneous enhancement on arterial (arrow). (E) On venous phase
there are central nonenhancing areas (arrow) suggestive of necrosis.

Fig. 14 Axial T1-weighted images. (A) Lesion is considered to have minor hypointensity (arrow) if intensity is between the level of the liver
and spleen, (B) moderately hypointense (arrow) if the intensity is comparable to the spleen, (C) markedly hypointense (white arrowhead) if the
intensity is comparable to the cerebrospinal fluid.

Fig. 15 MRI of the liver: (A) T1-weighted images showing multiple T1 hyperintense lesion in liver and (B) These lesions are hypointense on T2
weighted images consistent with malignant melanoma metastases.

In patients who cannot receive gadolinium-based contrast  imaging (=Fig. 19).>**> In one study, addition of DW MR

agents, diffusion-weighted (DW)-MRI has the potential to  imaging to mangafodipir trisodium contrast-enhanced MR
be a reasonable alternative technique to contrast-enhanced imaging significantly improved the diagnostic accuracy for
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Fig. 16 MRI with liver-specific contrast agent. (A) Lesion shows patchy hyperintensity on T2-weighted images (B) There is intense uptake of
contrast during arterial phase suggestive of vascular metastases. (C) Lesion takes up contrast during the delayed phase (arrow). High signal of
delayed phase may be seen in cholangiocarcinoma or Follicular nodular hyperplasia and certain hepatocellular carcinomas.

detection of colorectal liver metastases compared with either
technique alone.> DW MR imaging was found to be of value
in detecting small (<1 cm) metastases (=Fig. 18) and also in
revealing lesions close to the edge of the liver, as these lesions
are easily overlooked on mangafodipir trisodium-enhanced
T1-weighted MR images.>*

Differentials to consider for liver metastases are:

* Small fast filling hemangiomas: they appear marked-
ly hyperintense on T2 images and show no evidence of
washout which is usually seen in metastases (=Fig. 20).

» Small FNH)may not have central scars and may show ho-
mogeneous increased enhancement in the hepatic arte-
rial dominant phase and tend to become isointense with
the remaining liver parenchyma in later phases. However,
FNH shows uptake in delayed images if liver-specific con-
trast agents are used.

* Vascular anomalies including collaterals, shunts, and
fistula demonstrate structural enhancing vascular
abnormalities that show communication and continua-
tion with hepatic arteries, hepatic veins, and portal veins.
Metastases tend to be rounded and shunts tend to be lin-
ear-shaped or wedge-shaped.

* Areas showing transient vascular enhancement (THAD)
do not show precontrast T1-WI or T2-WI, or diffu-
sion-weighted imaging abnormalities.

Hepatocellular carcinoma (HCC) shows hypervascular pat-
tern in arterial phase with washout in subsequent phases and
appears as filling defects in hepatobiliary phase. In addition,
there are several ancillary features favoring the diagnosis of
HCC.>® Approximately 70% of lesions exhibit a tumor capsule
or pseudo capsule, which appears as a delayed enhancing
rim, and the appearance of the capsule has been shown to be
an important predictor of HCC.

Intrahepatic mass-forming cholangiocarcinoma (ICC)
may result in capsular retraction, peripheral ductal dila-
tation and demonstrates typical (77%) peripheral rim like
arterial enhancement with delayed progressive and con-
centric fill-in enhancement owning to fibrotic tissue.” On
hepatic biliary phase images, most ICCs (96%) show low
signal intensity.

PET-CT

PET-CT combines the functional component of 18 fluorode-
oxyglucose (FDG) uptake indicating active tissue with the
anatomical advantage of CT. Liver metastases from several
primaries show uptake on 18 FDG PET particularly those
from colorectal, breast, and lung primaries.

Only a selected number of patients with liver metastases
appear to be candidates for surgical resection and ablation
techniques. Most patients prove to have unrespectable disease;
PET-CT plays an important role in making this distinction.

In colorectal cancers, liver is the main site of metasta-
ses. Liver metastases show increased uptake with standard
uptake value greater than 3.5 (~Fig. 21).

The sensitivity and specificity of PET-CT for the detec-
tion of hepatic metastases from colorectal cancer (CRC) is 88
to 96% and 75 to 96%, respectively.®>*¢ A subgroup analysis
showed a slightly higher sensitivity for detection of non-CRC
metastases (94 vs. 98%) but an equal specificity of 75%.5658

Two large meta-analysis by Kinkel et al*® found FDG PET to
be a very sensitive (90-94.6%) imaging modality in the detec-
tion of liver metastases resulting from colorectal, gastric, and
esophageal primary cancers.

A study by Grassetto et al®® evaluated 43 patients with
a known solitary liver metastasis and in 12 of 43 patients
(28%), FDG PET-CT resulted in restaging and a change in ther-
apy. The authors stated that the addition of FDG PET-CT in
the assessment of patients with liver metastasis could have a
significant impact on the staging and selection of candidates
for liver metastasis resection and ablation.

When comparing FDG PET-CT to other conventional
imaging, in a retrospective review by Kong et al®'®? of 65
patients with colorectal carcinoma, FDG PET-CT identified
unexpected extrahepatic disease not detected on contrast-
enhanced CT, leading to a change in surgical management in
17% of the cases.

Thus, the ability of FDG PET-CT to detect extrahepatic
disease or occult intrahepatic metastases that is not evident
on conventional imaging is crucial in selecting patients who
are suitable for ablative or surgical therapy and impacts
patient management. FDG PET-CT is particularly effective for
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Fig. 17 Different enhancement pattern of hepatic metastatic lesion. (A) Homogenous-contrast enhancement (black arrow)—hypervascular
metastases. (B) Heterogeneous pattern of enhancement (white arrow) in lesions—nonspecific, seen commonly in hypervascular metastases.
(C) No enhancement of lesion (white arrow)—hypovascular metastases. (D) Peripheral ring pattern (black arrow)-specific enhancement pattern
for liver metastases. (E) Multiple target like lesion (black arrow) in liver-metastatic deposit.

Fig. 18 Magnetic resonance abdomen, diffusion-weighted images (A, B) showing multiple small bright foci in keeping with metastasis (C, D)
showing small foci of diffusion-restricted lesion and low signal on apparent diffusion coefficient maps (D) suggestive of metastasis.

colorectal cancer, in identification of additional hepatic and
extrahepatic metastases, and frequently upstaging the tumor
stage and affecting management.5

FDG PET-CT helps for follow-up after treatment of liver
metastases to assess both for efficacy of treatment and for
recurrence.®
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FDG-PET may fail to demonstrate small (<1 cm) liver metas-
tases and also metastases that are FDG negative like mucinous
carcinoma, renal and prostatic metastases®-%” (~Fig. 22).

The sensitivity of FDG PET for detecting metastases is gen-
erally lowered after treatment due to decreased metabolism
and FDG uptake.



Imaging of Hepatic Metastases Patil et al.

Benign Lesion
(E.g. cystic-necrotic lesion)

Malignant Lesion
(E.g. Metastasis)

T2 shine through
(E.g. cyst-hemangioma)

b0 High b ADC

Fig. 19 Showing diffusion characteristics of benign and malignant lesions. Bright DW/high ADC: cyst, hemangioma, necrotic/or treated
malignancy. Bright DW/low ADC: malignancy, HCC/dysplastic nodules in chronic liver disease, abscess. Intermediate DW/ADC: FNH, adenoma.
DW, diffusion-weighted; FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma. ADC, apparent diffusion coefficient.

Fig. 20 Magnetic resonance abdomen, diffusion-weighted images (A) showing small bright foci (black arrow) with hyperintense signal (black
arrow) on T2-weighted images (B) and show avidly enhancing lesion (black arrowhead) on arterial phase (C) and progressive enhancement
(blue arrowhead) on venous phase (D), show isointense (white arrow) to liver parenchyma in delayed phase (E).

Discussion

FDG PET easily detects liver metastases, as they are FDG avid.
This sensitivity is equal or superior to CT. FDG PET detects
unsuspected extrahepatic disease leading to upstaging in
disease and change in treatment course. FDG PET improves
patient selection for various treatment options, and helps in
posttreatment follow-up.

Imaging in Posttreatment Assessment of Liver
Metastases

Multiple treatment options are available for the treatment
of liver metastases, for example, surgical, chemotherapy,

chemo/radioembolization, RFA/MWA, etc. CT is commonly
used for the assessment of treatment response (=Fig. 23).

The size of the treated lesion following ablation is often
larger than the size of the original lesion. This is the result of
inclusion of a rim of normal liver in the treatment area with
hyperattenuation due to hemorrhage and coagulative necro-
sis which is best seen on the noncontrast CT.%

MRI demonstrates coagulation necrosis after RFA as inter-
mediate to high signal to-liver parenchyma on T1-weighted
and low signal on T2-weighted images (=Fig. 24). A T2
hyperintense rim around the ablated area may be seen that
may be due to edema from thermal injury.
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Fig. 21 (A) Axial images of T2-weighted images of the liver showing hyperintense liver lesion (blue arrow); (B) FDG uptake seen on PET images
(black arrow) suggestive of hypervascular lesion. FDG fluorodeoxyglucose; PET, positron emission tomography.

Fig. 22 (A) Axial images of contrast enhanced CT of the liver (arterial phase) showing hypodense liver lesion (black arrow). (B) No FDG uptake
seen on PET images (black arrowhead) suggestive of hypovascular lesion. FDG fluorodeoxyglucose; PET, positron emission tomography.

Fig. 23 Post-transarterial chemoembolization changes. (A) Preembolization plain CT axial sections of liver showing a large hypodense lesion
in the right lobe of the liver (white arrow). (B) Heterogeneous enhancement is seen on the arterial phase (bold white arrow). (C) Delayed phase
demonstrates washout out (white arrowheads). (D) Postembolization plain CT axial sections of liver in plain CT showing the hypodense lesion
in the right lobe of liver with peripheral hyperdensity representing lipiodol (black arrow). (E) Arterial phase shows decreased enhancement
compared with the pretreatment study (bold black arrow). (F) Delayed phase minimal washout out. CT, computed tomography.
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On MR posttreatment liver metastases may appear het-
erogenous due to hemorrhage or necrosis on unenhanced
images.

Postcontrast CT/MR Imaging
On postcontrast CT/MR imaging nonenhancement suggests
good response (=Fig. 25A).

Ring enhancement is a common phenomenon due to
thermal injury of the normal adjacent liver parenchyma
(~Fig. 25B).

Nodular noncircumferential enhancement (=Fig. 25C) is
suggestive of tumor.®

Both CT and MRI demonstrated a similar capability to
detect recurrence of liver metastases within 4 months of
treatment, with a slight advantage to MRI.®

For FDG-avid lesions, FDG PET-CT is an important diag-
nostic modality for the assessment of treatment response; a

Imaging of Hepatic Metastases Patil et al.

previously FDG avid lesion shows no FDG uptake in the abla-
tion zone after a successful ablation (~Fig. 26).

In patients who have undergone systemic chemotherapy,
CECT is considered superior to FDG PET. This is thought to be
secondary to reduced metabolic activity leading to reduced
uptake compared with background uptake and a reduction in
the size of the lesion below the resolution of PET.”!

Nonenhancement and decrease in the size of the lesions on
the CECT following chemotherapy suggest a good response.

Heterogeneously enhancing lesions may show a reduction
in the enhancement and a marked decrease in tumor density
on non-contrast CT without decrease in size’> due to exten-
sive cystic or myxoid degeneration.”

Some cases may show transient increase in size owing to
cystic change and intratumoral hemorrhage.”

Nodular noncircumferential enhancement with increase
in size suggests resistance to treatment. New enhancing

Fig. 24 Post-transarterial chemoembolization magnetic resonance imaging appearances (refer =Fig. 9). (A) Axial diffusion-weighted and
(B) ADC images showing no diffusion restriction. (C and D) Mild hyperintense signal on T2-weighted images (white arrow). Post contrast
images show no enhancement (white arrowheads) on arterial (E),Venous (F), delayed phases (G).

Fig. 25 Post-radiofrequency ablation CT findings (A) showing nonenhancing hypodense area (black bold arrow)-coagulation necrosis. (B) Hypodense
lesion with peripheral wall enhancement (white arrowhead)—physiological reaction of normal liver parenchyma to heat damage which disappears
in a month. (C) Hypodense lesion with eccentric wall enhancement (white bold arrow)—residual lesion to be suspected. CT, computed tomography.
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Fig. 26 (A) Axial images of CECT of the liver (arterial phase) showing hypodense liver lesion with peripheral enhancement (black arrow).
(B, C) FDG uptake seen on PET images (white arrow). Multiple lung metastases are present with FDG uptake (white arrowheads). Postablation
treatment axial images of the liver (arterial phase) showing hypodense liver lesion with no enhancement (black arrow). (B, C), No FDG uptake
seen on PET images (white arrow). Multiple lung metastases are present with FDG uptake (white arrowheads). FDG, fluorodeoxyglucose; PET,
positron emission tomography.

nodules in cystic mass referred to as nodules within cyst
appearance also suggest nonresponse.’®

In our institute we use MRI to assess postablation patients
as an absence of any contrast enhancement effectively rules
out recurrence.

The treatment of choice for gastrointestinal stromal
tumor is surgery, but preoperative imatinib is useful in
reducing tumor burden further helping in improving the
resectability. Treatment with imatinib also reduces intraop-
erative risk of hemorrhage.”

Conclusion

Advances in imaging technology have significantly improved
our ability to detect and characterize metastatic liver disease
and assess the tumor burden.

MDCT is primarily used for initial diagnosis of suspected
liver metastases during staging investigation following
detection of the primary malignancy; and also for surveil-
lance following treatment, as MDCT is widely available and
also allows for assessment of extrahepatic disease.

For intrahepatic metastases, the sensitivities of FDG
PET-CT and MDCT are equivalent. For extrahepatic disease
FDG PET-CT is superior.

Journal of Gastrointestinal and Abdominal Radiology ISCAR Vol. 3 No. 2/2020

For presurgical assessment of liver metastases, MRI is the
preferred modality due to its ability to identify small, that
is, <1 cm metastases, its higher contrast resolution, and its
better characterization of liver lesions.

For assessment of treatment response both CT and MRI
demonstrate a similar capability to detect recurrence of liver
metastases within the early posttreatment stage with a slight
advantage to MRI.

Finally, the modality to be used should be based on clini-
cal expertise and institutional practice.
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