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ABSTrAcT

Due to the development of new diagnostic methods the capabilities of differentiation of patho-
logical processes in liver are constantly increasing. Almost all existing imaging methods – ultra-
sound, computed tomography, magnetic resonance imaging, allow revealing focal masses in the 
liver parenchyma, but the specification of the diagnosis is the prerogative of one or another 
method in each case. Improvement and availability of non-invasive diagnostic methods increased 
malignant liver lesions detection. Metastases are among them in the first place on prevalence.

In connection with the foregoing, we found it expedient to systematize diagnostic criteria and 
study the frequency of their detection, as well as peculiarities of their manifestations in patients 
with metastases on the background of normal liver and steatosis. 

Totally 153 patients with liver metastases were examined: in 88 patients metastases were re-
vealed on the background of a normal liver, in 65 patients – in the fatty liver. Among examined 
patients were 81 (52.9%) women (mean age – 58.0±12.4 years) and 72 (47.1%) men (60.1 ±10.8 
years). In 49 patients liver metastases were diagnosed on magnetic resonance imaging, in 59 
patients – on computed tomography, and in 51 – according to ultrasound data. Some patients 
simultaneously passed two examinations.

The frequency of the detection of certain diagnostic criteria of metastases has been found as 
a result of the study (location, sizes and number of lesions, contours, sizes of the liver and the 
presence of diffuse changes). It was established, that the criterion of echogenicity changes sig-
nificantly in the presence of liver steatosis. The greatest number of small metastases has been 
detected by magnetic resonance imaging (both on the background of a normal liver and steato-
sis). Multiple metastases, regardless of background changes, have been found several times more 
often than single ones. The correlation of the detection rate of metastases has been found out 
depending on the location by segments using various diagnostic methods. While performing 
bolus contrasting, peripheral type of contrast enhancement prevails both in magnetic resonance 
imaging and computed tomography. The most informative is magnetic resonance imaging with 
contrast enhancement because of the high sensitivity, lack of radiation exposure and adverse ef-
fects from the use of contrast agents.
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by the appearance of the limited areas simulating 
neoplasm (focal steatosis, cirrhotic nodes, etc.) in 
liver parenchyma. Currently, there is a significant 
increase in the number of patients with the dis-
cussed type of lesion mainly due to cancer patients 
[Kim T et al., 2002; Mainenti P et al., 2015].

Timely and refined diagnosis of focal liver le-
sions still remains a complex and largely unsolved 

introduction

Focal liver lesions include benign and malig-
nant tumors, parasitic cysts, abscesses, as well as a 
number of other clinical conditions accompanied 
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problem. This is especially important in cancer pa-
tients, when the ability to perform radical surgical 
interventions may directly depend on the preva-
lence of tumor process, in particular the presence 
or absence of metastases in the liver [Tateyama A 
et al., 2012]. Development of liver segmental re-
section technique increases the requirements to 
maximal early detection of liver lesions, as it 
largely determines the timeliness and success of 
treatment [Zubarev A, 1995].

Due to the development of new diagnostic 
methods the capabilities of differentiation of path-
ological processes in the liver are constantly in-
creasing. Almost all existing imaging methods – 
ultrasound (US), computed tomography (CT), 
magnetic resonance imaging (MRI), allow reveal-
ing the focal masses in the liver parenchyma, but 
the specification of the diagnosis is the prerogative 
of one or another method in each case [Zviniene K 
et al., 2009; Tamada T et al., 2011; Duan J et al., 
2013; Puchkov K, 2016]. Due to the widespread 
implementation of CT and MRI into clinical prac-
tice the opportunities for early detection and suc-
cessful differential diagnosis of hepatic focal le-
sions have been greatly expanded. The differential 
diagnosis of the liver malignant disease (primary 
cancer, metastases) with hemangiomas causes the 
greatest difficulties [Yatsenko T, 2003; Tateyama A 
et al., 2012; Zheng Z et al., 2015].

Liver metastases among its malignant tumors 
occur in clinical practice quite often. It is estab-
lished that liver metastases are found approxi-
mately in each third cancer patient regardless of 
the primary tumor location, and in case of tumor 
localization in the areas drained by portal vein, the 
frequency of metastasis increases up to 50% 
[Ozawa K, 2002]. The frequency of tumor metasta-
sis of different primary localization in liver varies. 
Gallbladder tumors metastasize to the liver in 75% 
of cases, pancreatic tumors – in 70%, the large in-
testine, breast, ovarian and melanoblastoma – in 
50%, and gastric and lung tumors in 40% of cases 
[Puchkov K, 2016]. Resection of the liver, accord-
ing to most authors, is considered to be the only 
method of treatment, which significantly increases 
the life expectancy of these patients.

The most common complaints of patients with 
metastatic liver lesions are malaise, fatigue, weight 
loss. In general, the clinical and laboratory data are 

not specific for liver metastases. That’s why the 
greatest practical importance in the diagnosis of 
liver metastases currently belongs to the radiation 
diagnostic methods, as US, CT and MRI, which 
are non-invasive and highly effective methods of 
diagnosis of liver metastases. Most likely, the im-
portance of preoperative imaging is determined by 
the segmental topical diagnosis of liver metasta-
ses, especially on the background of liver steato-
sis, which significantly changes, more likely, dis-
torts the background image of the liver.

Thus, the aim of present study was to establish 
the significance of radiation diagnostic methods in 
the detection and characterization of liver metasta-
ses, and particular features of their visualization 
on the background of fatty liver. 

Material and MethodS

The main base of the present study is Diagnos-
tic and Treatment Center of International Institute 
of Biological Systems and Medical scientific cen-
ter “Aspera Scan”. Medical histories of 153 pa-
tients aged from 30 to 86 years were analyzed. 
Among examined patients were 81 women (mean 
age – 58.0±12.4 years) and 72 men (60.1±10.8 
years). Significant differences between the mean 
age of men and women with metastases weren’t 
revealed (p=0.119). 

On the background of fatty liver metastases 
were revealed in 65 patients, in 88 patients – on 
the background of an unchanged liver. In 49 pa-
tients liver metastases were diagnosed on MRI, in 
59 patients – on CT, in 51 – according to US data. 
In cases when the patient passed two examina-
tions, the data of each of them were considered in 
separate groups for MRI, CT and US, so the total 
number of studies exceeded the number of pa-
tients (159 studies).

Magnetic resonance imaging was performed 
on Siemens Magnetom Symphony 1.5T apparatus 
(Siemens, Germany) with Maestro Class technol-
ogy, using the methods of the native scan and in-
travenous contrast bolus with Magnevist (“Bayer 
Pharma”, Germany) contrast medium. Computed 
tomography was performed on Siemens Sensa-
tion 16 and Siemens Somatom Perspective (Sie-
mens, Germany) devices using Omnipaque (Am-
ersham Health, Ireland) contrast medium. Ultra-
sound was performed on SONIX TOUCH (UL-
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TRASONIX, Canada) apparatus according to the 
standard procedure.

Some diagnostic criteria of liver metastases 
were systematized and analyzed:

 ¾ Common for all methods – localization, sizes 
and number of lesions, contours, sizes of the 
liver and the presence of diffuse changes; 
Separate for each method:

 ¾ For MRI – signal characteristics of metastases, 
 ¾ For MRI and CT – the type of contrast enhance-
ment depending on the phases,
 ¾ For US – echogenicity of the lesion in un-
changed liver and during its diffuse changes.
The study was approved by Institutional Bio-

ethics Committee and conforms to the principles 
outlined in the “Declaration of Helsinki” (Br Med J, 
1964; p. 177) with subsequent additions.

Statistical software packages SPSS 16.0 and 
Excel 2013 were used for statistical analyses. De-
scriptive analysis was carried out to describe the 
aspect ratio-percentage content for categories, as 
well as the mean value, the mean errors, minimum 
and maximum data for continuous variables. Dis-
tribution symmetry trial was performed for the 
continuous data using Kolmogorov-Smirnov 
method. A statistically significant difference be-
tween patient groups was calculated by X2 for the 
categorical data and by the method of T-test for in-
dependent samples for continuous variables. The 
difference between the results of the study was 
considered significant at p<0.05.

reSultS

Magnetic resonance imaging was performed to 
49 patients, ultrasound to 51 patients, computed to-
mography – to 59. From 49 patients with metastatic 
liver disease, who passed MRI examination, 20 had 
fatty liver. The contours of lesions according to 
MRI data were uneven in 80% of patients on the 
background of normal liver, and on the background 
of steatosis the contours were clear in 73.7% of pa-
tients. In all patients lesions had irregular contours 
both on the background of normal liver and steato-
sis. On computed tomography the contours of le-
sions more often were uneven both in case of nor-
mal liver (64.9%) and steatosis (68.1%). According 
to ultrasound data, there were more patients with 
uneven contours of lesions both on the background 
of normal liver (70.0%) and steatosis (65.0%).

It should be noted that during the analysis of 
metastases’ location by segments (Fig. 1, table 1) 
the number of cases is greater than the number of 
patients, because in cases of multiple metastases, 
localization of each, separately taken metastasis, is 
taken into account.

As it can be seen from table 1, MRI reveals me-
tastases worse in I (2%, 4%) and III (6%; 10%) 
segments regardless of the background state of the 
liver. The best visualization on MRI reveals metas-
tases in VII segment on the background of steato-
sis (21%), in VII and VIII segments – on the back-
ground of normal liver (18% in each one).

Table 1 shows that computed tomography is the 
most informative method for the detection of metas-
tases in I segment, and then ultrasound. Magnetic 

TABle 1
Detection of liver metastases in different 

segments according to MRI, CT and US data

Seg.
MRI CT US

Norm
(%)

Steatosis
(%)

Norm
(%)

Steatosis
(%)

Norm
(%)

Steatosis
(%)

I 4 2 11 14 11 8

II 12 15 12 12 14 8

III 10 6 11 10 12 14

IV 10 15 14 14 12 9

V 15 15 14 13 14 14

VI 14 13 14 13 14 17

VII 18 21 11 13 14 15

VIII 18 13 14 12 12 14

Total 
(cases) 135 53 189 120 103 86

Figure 1. Scheme of the division of liver into segments 
and expediency of applying MRI, CT and US 
analysis methods on these sections for the detection 
of metastases [Smithuis R, De Lange E, 2015]

US

CT

MRI
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resonance tomography is informative in all cases for 
VII and VIII segments. However, the difference of 
the data was not statistically significant (for normal 
liver – p=0.767, for steatosis – p=0.481).

In I segment all three imaging methods most re-
liably detect metastases both on the background of 
unchanged liver and steatosis. According to CT 
and US data, the frequency of detection exceeds 
MRI almost 3 times on the background of an un-
changed liver, on the background of steatosis – 7 
times according to CT data, and 4 times by US 
data. The detection of metastases in II segment is 
almost the same. In all other segments metastases 
are detected more often except by ultrasound on 
the background of steatosis. However, the MRI in-
formativeness is equivalent to CT and US besides 
the detection by US on the background of steato-
sis, while MRI is almost two times more informa-
tive than US. In IV segment all diagnostic methods 
detect metastases with the same frequency on the 
background of unchanged liver. The detection by 
ultrasound is slightly worse only on the back-
ground of steatosis.

Liver metastases conditionally were divided 
into three groups: from few mm to 5 cm, from 5 to 
10 cm, 10 cm or more. The average sizes of largest 
metastases were reviewed, if patient had multiple 
metastases. In the vast majority of cases were iden-
tified metastases up to 5 cm. According to MRI 
data the number of patients on the background of a 
normal liver was 94%, on the background of ste-
atosis – 82%, by CT – 85% and 95%, according to 
US – 86% and 69%, respectively.

The data about informativeness of methods in 
determining the amount of metastases (single, mul-
tiple) were also analyzed. According to MRI data it 
was established that the largest number of patients 
has multiple metastases in case of unchanged liver 
– 86.7%, and in case of steatosis – 47.4%. However, 
while comparing the results of multiple metastases 
detection on the background of unchanged liver and 
steatosis it becomes obvious, that in case of the lat-
ter, visualization is 1.8 times worse (p<0.009). At 
the same time there are more patients with single 
and paired metastases on the background of steato-
sis (26.3% in each case) (p<0.009).

The greatest number of patients had multiple 
metastases according to CT data: 73% on the back-
ground of normal liver and 72.7% in case of ste-

atosis, then single – 24.3% on the background of 
normal liver and 22.8% of liver steatosis. Statisti-
cally significant differences weren’t established 
while detecting metastases depending on the num-
ber between normal liver and steatosis (p=0.724). 
According to US data, as well as CT and MRI, the 
greater number of patients with multiple metasta-
ses was revealed in both cases: on the background 
of unchanged liver (56.7%) and steatosis (50.0%).

The changes of proper liver in the presence of 
metastases were also studied. The liver sizes have 
not been increased on the background of un-
changed liver in 91.2% of patients with metastases 
according to MRI data, in 8.8% of cases the sizes 
have been increased, and on the background of ste-
atosis with the presence of metastases the liver was 
increased in 88.3% of cases. According to CT data 
the liver has not been changed in 78.4% of patients 
with metastases in case of unchanged liver. In 
21.6% of patients with normal liver, and in 89.2% 
of patients with steatosis the liver has been in-
creased. According to the ultrasound data the liver 
has not been changed in 23 (92%) patients with 
metastatic disease on the background of unchanged 
liver. The unchanged liver sizes have been in-
creased in 2 (8%) patients. In case of steatosis liver 
sizes were normal in 6 (23.1%) patients with me-
tastases, and in 20 (76.9%) patients it has been in-
creased (р=0.003).

According to MRI data metastases in native 
phase have moderate hyperintense magnetic reso-
nance signal on T2 sequences (Fig. 2 A) and hy-
pointense – on T1 sequences. On diffusion weighted 
imaging (factors b 50, 400, 1000) sequences lesions 
have hyperintense magnetic resonance signal for all 
diffusion coefficients and hypointense signal on ap-
parent diffusion coefficient map, which on average 
is 0.86±0.09×10-3 mm2/sec (Fig. 3).

Magnetic resonance imaging with intravenous 
contrast enhancement was performed in 35 pa-
tients with metastatic liver lesions. 

By the character of contrast enhancement, pa-
tients are divided into three types: diffuse type of 
enhancement (8.6%), peripheral type (65.7%) and 
uneven enhancement (25.7%). The character of 
contrast enhancement of metastases does not sig-
nificantly differ on the background of steatosis and 
unchanged liver (Table 2). However, peripheral 
(ring-shaped) type of contrasting was significantly 
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Figure 2. Multiple metastases of liver, which have inhomogeneous hyperintense signal on Т2 weighted image (А). 
Peripheric type of contrast enhancement of lesions (В) is determined during intravenous bolus enhancement 

Figure 3. Liver metastases in breast cancer. Diffusion weighted imaging and apparent diffusion coefficient map. 
The measured diffusion coefficient is equal to 0.99±0.07×10-3 mm2/sec

more often detected (p<0.05) (Fig. 2B). Diffuse 
type of contrast enhancement was detected in 8.6% 
of patients. All 35 patients had descending (III) 
type of contrast chart. 

During multispiral computed tomography 34 
patients underwent contrast enhancement on the 
background of unchanged liver, and 22 patients on 
the background of steatosis.

As table 3 shows, there is no statistically sig-
nificant difference between densitometric rates of 
metastases on the background of unchanged liver 
and steatosis in all phases of contrast enhance-
ment, except for venous phase (p<0.043). The 
greatest number of patients regardless of liver 
changes had metastases with the ring-shaped type 
of enhancement (Table 2).

A B
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Hypovascular metastases (in present study, in 
45-80% patients) increased signal intensity during 
contrast enhancement predominantly in venous 
(portal) phase of enhancement (ring-shaped type 
of enhancement); the washout began in the delayed 
phase (Fig. 4). Hypervascular metastasis was de-
tected in 11 (19.9%) patients, which increased sig-
nal intensity rapidly in the arterial phase of con-
trast enhancement with fast washout of contrast in 
the portal and delayed phases.

Ultrasonography was performed to 51 patients. 
The data of echogenicity of patients with metastatic 
disease on the background of normal liver and ste-
atosis was analyzed. As a result, the study revealed 
that the most metastases were hyperechoic (44%) 
on the background of normal liver. Izohypoechoic 
(24%) and hypoechoic (16%) metastases have also 
been revealed quite often in case of an unchanged 
liver. Data difference was statistically significant 

(p=005). All metastases (100%) were izohypoechoic 
on the background of liver steatosis. 

diScuSSion

Improvement and availability of non-invasive 
diagnostic methods have led to the increase of ma-
lignant liver lesions detection. Evaluation of the 
liver condition is of particular importance in can-
cer patients, when a rational treatment strategy and 
the corresponding prognosis are directly deter-
mined with the volume of the primary tumor pro-
cess, as well the presence or absence of metastases 
(in the liver). However, it is known that about 50% 
of small focal (diameter up to 1.0-1.5 cm) liver le-
sions in patients with malignant tumors are benign 
(hemangioma, cyst) [Brown M, Semelka R, 1999]. 
This circumstance forces to pay serious attention 
to the problem of differential diagnosis of such le-
sions (for example, to prevent unjustified refusal 
of radical surgery). 

There are many works in the literature devoted 
to the comparative informativeness of above men-
tioned diagnostic methods. As for MRI and MSCT, 
there are no works devoted to the issues of detailed 
topical differential diagnosis of the most common 
liver focal lesions, which are the hemangiomas and 
metastases. Regarding the characteristics of these 
lesions visualization on the background of steato-
sis there are no scientific studies. Comparing MRI, 
CT and US data, absolutely reliable data were ob-
tained regarding the predominantly location of the 

TABle 2
Character of contrast enhancement of metastases depending on the presence of liver steatosis 

(according to MRI and MSCT data)

Character of liver 
damage

Character of contrast enhancement

TotalDiffuse type
n (%)

Ring-shaped 
(peripheral) type

n (%)

Uneven 
enhancement

n (%)
according to MRI data

Liver steatosis 2 (13.3%) 10 (66.7%) 3 (20%) 15
Unchanged liver 1 (5%) 13 (65%) 6 (30%) 20
Total 3 (8.6%) 23 (65.7%) 9 (25.7%) 35

according to MSCT data
Liver steatosis 2 (9.1%) 14 (63.6%) 6 (27.3%) 22
Unchanged liver 3 (8.8%) 24 (70.6%) 7 (20.6%) 34
Total 5 (8.9%) 38 (67.9%) 13 (23.2%) 56

TABle 3
Densitometry indicators and features of lesion 

contrasting in computed tomography 
Phases of contrast 

enhancement
Character of liver damage

Liver 
steatosis 

(HU)

Unchanged liver 
(HU)

Native 35 35
Arterial 50 52
Venous 60 65
Delayed 34 31
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Figure 4. CT images of multiple metastatic lesions of the right and left lobes of the liver in different phases 
of contrast enhancement (A – native phase, B – arterial phase, C – venous phase, D – delayed phase)

A B

C D
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