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Abstract 

An increase in the incidence of metastatic liver disease is registered, especially among young 

women with breast cancer and young men with colorectal cancer. 

Metastatic liver deposits have a specific morphological appearance on MR. 

MR morphological imaging of metastases is based on proton spin of hepatocytes, while hepatic 

metastases have a different presentation in the same sequences. On T1-sequence, they are shown as focal 

hypo- to isosignal round to oval irregular lesions of varying diameter, sometimes with a deeper central 

signal. T2-sequence has a mixed signal depending on the type of vascularization, but specificity is obtained 

after intravenous contrast administration, where metastases are shown with deep central signal but 

significant peripheral hypersignal in the form of a peripheral ring. 

Liver volumetry using magnetic resonance imaging (MRI) is a method for quantitative 

measurement of the size and volume of the liver using MRI data. This is a non-invasive technique that 

provides important information about the anatomy of the liver and can help in the assessment of diseases 

and liver conditions, such as cirrhosis, liver tumors, metastases or fatty liver disease. 

In metastatic liver disease, hepatic volumetry as a method for calculating the residual liver volume 

has been developing with the development of metastasis treatments, both surgical and oncological. The 

method represents a mathematical approach to assessing residual liver volume and for evaluating the 

regenerative hepatic process without affecting the liver function.  Magnetic resonance imaging and 

volumetry are superior methods for diagnosis and treatment of metastases. 
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Introduction  

The liver is located in the upper right hemiabdomen. Topographically, it is adjacent to the small 

intestine and participates in processing nutrient-rich venous blood from the digestive tract. The liver has 

approximately 500 metabolic functions, including its gluconeogenesis, synthesis of plasma proteins, and 

bile pigment production. The main blood vessels, portal vein and hepatic artery, lymphatic vessels and 

nerves, together with the main biliary tract form the hilus of the liver. From the hilus towards the liver 

parenchyma, they branch out in parallel, forming portal channel that branches up to sinusoids which are 

actually capillary network of the liver [1].   

At the level of the sinusoids, venous blood from the portal vein, which has low blood pressure, 

communicates with the arterial blood from the hepatic artery, which has high blood pressure. This 

communication allows blood to pass through the sinusoids, collector branches, and through the hepatic 

veins exits the liver [2].  
Portal ducts drain into central veins and form lobules which are composed of hepatocytes connected 

by interconnecting plates. The space between the plates forms a sinusoid. Several such structures form an 

acinus (Figure1). 
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  Figure 1. Anatomy of liver  

The functional unit of the liver is called the acinus, which is divided into 3 zones: 

• periportal zone around the portal canal circularly placed, 

• central zone placed circularly around a central vein, 

• middle zone, localized between periportal and pericentral zone. 

The functional anatomy of the liver consists of 8 functional segments, based on the distribution of 

portal vein branches in the parenchyma (Figure 2). The liver is anatomically divided into right and left lobes 

by the median plane of the hepatic vein, extending from the inferior vena cava to the gallbladder, and this 

demarcation is called Cantlie's line. The three major hepatic veins lie between these lobes, dividing the left 

and right into sectors. Each sector is divided to 2 segments which are vascularized by a branch of a. hepatica 

propria, v. porta and proper bile duct. Segments I, II, III, IV make up the functional left lobe, and segments 

V, VI, VII, VIII make up the functional right lobe [3]. 

 

 Figure 2. Liver segments according to Couinaud classification  

 

Metastatic liver deposits have a specific morphological appearance on MR.  

MR morphological imaging of metastases is based on proton spin of the hepatocytes, while the 

hepatic metastases have different presentation [4]. On T1-sequence, they are shown as focal hypo- to 

isosignal round to oval irregular lesions of varying diameter, sometimes with deeper central signal (Figure 

3). On T2-sequence, metastases exhibit a mixed signal depending on the type of vascularization [5-6]. 

However, specificity is obtained after intravenous gadolinium application contrast, where metastases are 

shown with a deep central signal and a pronounced peripheral hypersignal in the form of a peripheral ring,  
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                       Figure 3. Peripheral ring of liver metastases on MR 

 

Aim of the study 

Application of MRI volumetry as a method can bring precise diagnosis in treatment of liver 

metastases with possible prediction of residual liver parenchyma with normal function.  

 

Methodology  

The study group consisted of 19 patients with liver metastases from various malignant diseases. 

These patients were identified and included in the study over a two-year period (2019 – 2021) at the City 

General Hospital "8th September" in Skopje. 

Patients were selected according to the following criteria: 

a) Patients with a previously diagnosed primary malignancy, proven histopathological results with 

a previous biopsy 

b) Patients with previously diagnosed primary malignancy, proven after surgical treatment 

c) Patients with metastatic liver deposits detected on US or CT. 

Exclusion criteria:  

a) Patients who have undergone oncological treatment 

b) Patients who were surgically treated with liver resection due to metastases 

c) Patients with liver resection for primary hepatic malignant disease  

d) Patients with ferromagnetic implants 

e) Patients with cardiac electrical stimulators 

f) Patients with a stent in blood vessels implanted for at least 6 months  

g) Patients with diabetes mellitus 

h) Patients with kidney diseases 

i) Pregnant and lactating women 

Eleven patients were female, and eight male.  

Hepatic volumetry as a method used for calculating the residual liver volume has been developing 

with the development of metastasis treatments, both surgical or oncological. The method represents a 

mathematical approach in determining the healthy hepatic parenchyma (Figure 4), which would be residual 

and responsible for the regenerative hepatic process, without affecting its function postoperatively.  

Liver volumetry using magnetic resonance imaging (MRI) is a method for quantitative 

measurement of the size and volume of the liver using MRI data. It is a non-invasive technique that provides 

important information about the anatomy of the liver and can help in the assessment of diseases and liver 

conditions, such as cirrhosis, liver tumors, or fatty liver disease. 
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         Figure 4. Display of MS volumetry with manual marking to determine the residual liver 

volume 

 

The method is performed according to the Couinaud classification [7] of the hepatic segments with 

prior determination of the entire volume of the liver and metastases, and then, on the healthy volume of 

each section in an axial plane. 

In our study, volumetry was performed on 24 metastases smaller than 10 mm localized in different 

segments in 19 patients.   

Figure 5 
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General guidelines for the MRI [8,9] liver volumetry procedure: 

➢ Recording protocol: Different MRI sequences, such as T1-sequence, T2-sequence and post-

intravenously applied Gadolinium sequence. 

➢ Image acquisition: The obtained MRI-images are transferred to OSRIX Md analysis computer 

workstation. Pictures should be of high quality and with sufficient resolution for accurate 

volumetric measurements, which is why cooperation with the patient and appropriate inspirations 

and expirations affecting excursion of liver is necessary. 

➢ Image processing: Specialized software or computer algorithms are used to process the MRI 

images. Liver segmentation involves separating the liver from the surrounding structures and 

background to generate a detailed liver picture or mask. 

➢ Volume analysis: Once the liver is accurately segmented, software calculates its volume based on 

the number of voxels (three-dimensional pixels) contained within the liver mask. The calculation 

takes into account the size of the voxels and assumptions about liver density expressed in signals. 

➢ Quality control: It is important to perform quality checks to ensure the accuracy of volumetric 

measurements. This may include review of the segmented images, verification of the correct 

definition of the liver and necessary corrections of marking the volume of each section in an axial 

plane. 

➢ Report: The calculated liver volume can be expressed in absolute values (for example, in milliliters) 

or to normalize to the patient’s body surface area (BSA). The results can be compared with 

reference values or used for longitudinal monitoring of liver changes over time. 

Liver volumetry by MRI can provide important information on surgical planning, evaluation of 

treatment results, as well as to monitor the progress of the disease. 

The most significant benefit of liver volumetry is the ability to determine the volume [10] of 

metastatic deposits with a comparative determination of the volume of residual healthy liver parenchyma, 

using the following formula for liver volume calculator:  

• Volume = CC x LL x AP x 0.31 

• Total liver volume = 191.8 + (18.51 x weight in kgs) 

The circadian rhythm of the liver, which is narrow, is also taken into account. 

There is an association between patient hydration and nutrition [12].  

According to a study by Leung NW. et al., the liver reaches its minimum volume around 12 noon 

(-7.5 to + 3.2%).[13] 

This ratio provides insight into the calculation of residual healthy parenchyma post-interventional 

or mastectomy.  

 

Results 

1. Patient Demographics: 

• 19 patients included in the study 

• Age range: 23 to 78 years 

• Gender distribution: 11 females (57.9%) and 8 males (42.1%) 

• Majority of patients (71.43%) had metastases from breast cancer 

2.  Vascular and Biliary Invasion: 

• Vascular invasion was significantly associated with the presence of a peripheral ring on 

MR imaging (p<0.0001) 

• Biliary invasion was not significantly associated with the peripheral ring (p=0.335) 

• 17 out of 19 patients (94%) with a peripheral ring showed vascular infiltration 

• Only 2 out of 19 patients (20%) without a peripheral ring showed vascular infiltration. 

The data suggests that the presence of a peripheral ring on MR imaging is a strong indicator of 

vascular invasion in hepatic metastases. This finding could be clinically relevant for assessing the extent of 

disease and planning treatment strategies (Table 1).  
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Primary diseases  Ca 

mamae 

Ca 

ovarii 

Ca 

pulmonum  

AdneoCa 

recti   

Ca 

sigmae   

Patients  9 1 3 3 3 

Localization  V, VI 

VII  

IV, V, 

VII, VII 

VII VII, VIII, 

II, 

V 

V, VI, 

VII, 

Size of metastases  20 mm 

до 9 

mm   

23 mm-

10 mm 

34-10 mm 22 mm- 9 

mm 

40 mm-

9 mm  

Vascular 

infiltration and 

size of peripheral 

ring   

Yes 2 

mm 

 Yes 4 

mm  

Yes 2 mm  Yes 1 mm  Yes 4 

mm  

Biliary invasion   Yes Yes  Yes  Yes  Yes  

Table 1. Description of patients and localization with size of peripheral ring related to vascular and 

biliary invasion  

However, there are some inconsistencies and areas that require clarification. The total number of 

patients with hepatic metastases (19) in the vascular invasion analysis did not match the initially stated 17 

patients. This discrepancy needs to be addressed. 

 

 

Discussion 

There are many studies on the demographics of patients with liver metastases, the type of the 

primary malignant disease, and the occurrence of liver metastases. These studies have shown a direct 

correlation with prognosis, which has a serious impact on treatment of various types of cancer.  

According to primary diseases, patients in our study were operated on for breast cancer (71.43 %). 

The majority of patients were females, which revealed a significant difference in the distribution of primary 

diseases by sex. The analysis showed a higher incidence of metastatic liver changes, according to the 

distribution of primary cancers and the number of metastases. This correlates with the study by Sasaki S. 

et al. [10], which analyzed the demographic and clinical characteristics of patients with hepatic metastases 

from breast cancer. The study concluded that the most common risk group for liver metastases included 

women older than 50 years, with invasive breast cancer, and Herceptin positive. 

The distribution of liver metastases is of great importance in building a treatment strategy for these 

patients. Understanding the characteristics of primary diseases with predilection sites for metastases spread 

is one of the key issues. However, several studies have demonstrated that diagnostic methods with a high 

precision have shown that liver segments II, III, and IV are more frequently affected by metastases than 

other segments. Segments VI and VII are considered less prone to metastases due to their location and large 

vascular appendages [11]. In patients with colorectal cancer, the distribution of liver metastases has been 

investigated. Results have indicated that metastases mostly occur in segments V and VIII. 

In fact, the location of liver metastases can vary from patient to patient depending on various 

factors, such as the type of tumor, the stage of the disease and the individual characteristics of the patient. 

Liver metastases usually appear in the lower segment of the right lobe (segment V and VIII) because these 

segments have better vascularization than the remaining segments. However, metastases can also occur in 

other segments of the liver. De Greef K. et al. investigated the efficacy of anatomical liver resections in 



Bozhinovska et al. Morphological analysis of liver metastases... 

 

47 

 

patients with metastases from colorectal cancer. The results showed that metastases were mostly localized 

in segments II, III, IVb and VIII. [12] 

Another study, published by Vera R. et al., investigated the distribution of liver metastases, in order 

to build criteria according to which patients were treated with radiofrequency ablation. The results showed 

that most frequently metastases occurred in segments V (71.1 %) and VI (63.6 %), followed by segments 

VIII (53.9 %) and VII (49.3 %). Segments I (17.6 %) and IV (28.7 %) were considered less prone to 

metastases [13].  
The segmentation and determination of the exact localization of liver metastases play a very 

important role in determining the criteria according to which patients would be surgically treated with 

metastasectomy [14]. Studies have shown that metastases are mostly localized in segments II, III, IVb, V, 

and VIII.  

In our study, metastatic deposits in the liver measuring less than 10 mm were mostly localized in 

segment V – observed in 14 (20 %) patients; in 33 (47.14 %) patients, metastases were localized in more 

than one hepatic segment. The largest number of metastases were multiple, or in only 10% of cases solitary 

metastases occurred and usually involved different lobes.  

Liver deposits can be classified by distribution as solitary and multiple, by location as segmental 

or lobed, and they can be different by size diameter. 

According to the type of vascularization, metastases can be hypovascularized or hypervascularized 

depending on the primary cancer from which they originate. Due to the different variations in the occurrence 

of liver metastases, which is also called metastatic liver cancer, with colorectal cancer being the most 

frequent one, a group of authors in 2020 developed medical rules and protocols for the detection, analysis 

and treatment of metastatic liver cancers originating from colorectal cancer [15]. 

Hepatic metastases show a peripheral ring which can be associated with their appearance related to 

the vascular or biliary invasion, which is visible on MR [16]. 

Nowadays, histopathological examinations have shown that this ring is an extra-lesional 

desmoplastic reaction zone of the surrounding liver tissue. This raises questions, such as: when measuring 

the diameter, what is the importance of this zone in determining the size of the metastasis, whether this 

desmoplastic reaction is essential? [17]. 

A characteristic and specific sign in analyzing the occurrence of metastases is the formation of a 

so-called peripheral ring, detectable on T2-sequence of magnetic resonance during the hepatobiliary stage 

in hypovascular metastases. Another important feature is called "target sign”. This is actually peripheral 

"rim washout sign" presented in the parenchymal phase with peri-tumoral intensive signal zone in 

hypervascular liver metastases. There are other specific presentations and signs of liver metastases, such as 

the appearance of calcifications, tumor necrosis, cystic zones, absence of a penetrating vascular sign and, 

very rarely, intraductal metastases [18]. 

In our study, the analysis of the peripheral ring from a morphological aspect focused on typical 

peripheral hypersignals in metastases by analysis of vascular and biliary invasion. A statistically significant 

difference was confirmed in the distribution of patients with liver metastases, with and without vascular 

infiltration, depending on the degree of metabolic activity metastases (p=0.038). Vascular invasion was 

registered mostly in patients with lesions with high metabolic activity – 22 (91.67%), followed by lesions 

with moderate and low metabolic activity – 20 (62.5%) and 9 (64.29%) patients, respectively. 

Patients with hepatic metastases, with and without biliary invasion, did not differ significantly in 

terms of the degree of metabolic activity lesions (p=0.11). Patients with high metabolic activity of the 

lesions insignificantly more often than patients with low and moderate metabolic activity had lesions with 

infiltration of the biliary tract – 12 (52.17%) versus 3 (23.08%) versus 9 (28.13%). 

In correlation with other factors in our study, the relationship between presentation of primary 

diseases with the presentation of liver metastases and "imaging" methods was analyzed. In our study, 12 

malignant diseases were analyzed in relation to the type and mode of distribution of liver metastases, 

showing the close relationship between the malignant potential of the primary diseases and the type and 

distribution of occurrence of liver metastases. The highest potential due to hypervascularization of the 
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primary disease was demonstrated by colorectal cancer with 15 metastases of different diameters, all highly 

vascularized. 

Other studies [19] have shown that individual techniques and sequences of MR, with and without 

intravenous contrast administration, possess high specificity in detecting liver metastases and demonstrate, 

not only localization, but also parenchymal and biliary invasion. 

Hepatic resection as a surgical method and radiofrequency ablation as an interventional radiological 

method have proven to be the most appropriate methods in the treatment of metastatic deposits, which 

originate from various primary malignancies in patients with hepatic metastases, primarily originating from 

colorectal cancer. Surgical resection has shown a great benefit in prolonging life. Patients in whom 

metastases are metachronous, small, few in number and hypovascularized are with the best prognosis. A 

survival time of 5 years is found in patients with 5 hepatic metastases (73-79%), while in patients with more 

than 5 metastases of liver the percentage of 5-year survival decreases to 47% [20]. Investigations are still 

being conducted in relation to the smaller metastatic deposits (smaller than 3 mm) with so-called SPIO-

enhanced MR magnetic techniques resonance, where a highly specific contrast is used, which contains 

ferroxide, but limited results are obtained [21]. The largest number of metastases are multiple, or rather 

only 10% of cases are with solitary metastases and usually involve different lobes [22]. Due to the liver 

specific circulation, metastases can occur in various segments. The hepatobiliary phase complements the 

sequence in DWI, displays metastases smaller than 10 mm [23], with a higher degree of delineation 

compared to other modalities, such as 18 FDG PET CT and CT. 

The complexity of the hepatic vascularization and microenvironment provide an opportunity for 

development and invasion of liver parenchyma by malignant cells due to their slow movement or rather 

stagnation in the liver sinusoids. The portal vein primarily delivers tumor emboli from the malignant 

changes in different organs. 

Our study included an analysis of metastases and their MRI presentation in DWI phase and post-

contrast port phase. MRI was shown to be a more sensitive method for smaller metastatic deposits of 10 

mm (found in 91% of patients) [24]. 

In the study by Souza et al. [25], which included 15 patients with suspected liver metastases of 

various malignant origins, an analysis was made using PET CT and MRI 3 Tesla magnetic field strength. 

This assessment was based on a per-patient analysis and demonstrated that for the detection of metastases 

smaller than 10 mm, MRI with intravenous contrast application was a superior method, showing up to 96% 

sensitivity compared to PET CT, which was also confirmed in our study. However, the specificity of MR 

relative to PET CT is somewhat lower, which can be attributed to the limitations of our device, which is 

1.5 Tesla magnetic field strength. 

In the study by Matteo Renzulli et al. [26], an analysis of scientific research studies in the last 10 

years has been made, where the development of new magnetic resonance techniques has been described.  

Those techniques, such as DWI contrast administration techniques and specific hepatobiliary 

contrast, led to a remarkable progress in detection and analysis of metastatic liver deposits of different 

malignant origin. Their study reviewed systematically and sequentially the developmental approaches in 

the detection of hepatic metastases presented by different authors in 4800 papers that were analyzed over 

the course of 10 years. The focus was on two specific methods in the case of metastases smaller than 10 

mm. The hepatobiliary phase, used complementarily with the sequence in DWI, where restricted movement 

of the water molecules in the tissue molecules is detected, shows identification of metastases smaller than 

10 mm with better delineation of their margins compared to other modalities. 

In our study, MR detected 6 (8.57%) patients with 4-5 lesions smaller than 10 mm, 4 (5.71%) 

patients with >5 lesions less than 10 mm. In a retrospective comparative study by Fernadez et al. [27], 

patients with liver metastases from colorectal cancer were included, and were prepared to undergo a 

hepatectomy. 

Other studies [28] presented a specific method and MR sequence using Gadobenate contrast 

medium application dimeglumine (MultiHance, Gd-BOPTA), which is a hepatobiliary specific contrast for 

biliary pathway and gives a clearer morphological view of metastases smaller than 10 mm. In a study by 

Luisa Paulatto et al., a correlation between MRI and CT findings with pathohistological findings of hepatic 
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metastases was made. It was explained that the peripheral ring-like zone in some types of metastases was a 

proliferative part of metastasis and its occurrence was an important prognostic sign. In a study by Semelka 

et al., a correlation of the perilesional zone with pathohistological correlation was made, indicating that the 

perivascular ring was due to vascular and biliary infiltration [29]. 

Other studies [30-31] have shown that individual techniques and sequences of MR images, with 

and without intravenous contrast administration, demonstrate high specificity for liver metastases, and 

enable not only localization but also evaluation of parenchymal and biliary invasion. 

Hepatic resection as a surgical method and radiofrequency ablation as an interventional radiological 

method have proven to be currently the most appropriate methods in the treatment of metastatic deposits 

originating from various primary malignancies [32-33]. 

Liver volumetry is a method for calculating the volume of the liver. It is based on using liver images 

obtained by different methods, such as computed tomography (CT), magnetic resonance imaging (MRI) 

and ultrasound. By using special algorithms, images are analyzed to calculate the exact volume of the liver 

[34-35]. 

Liver volumetry is useful in clinical practice, especially for patients with liver cirrhosis, and it can 

help doctors to assess the organ and determine the necessary therapy.  

Liver volumetry can be used to monitor tumor growth or evaluate surgical results, such as liver 

enlargement in the case of liver donors. MRI-volumetry is performed using specialized image analysis 

software that can recognize the contours of hepatic tissues and measure their values. This software applies 

mathematical algorithms to calculate the liver volume, based on contour measurements [36-38]. Initially, 

for liver volumetry, a series of MRI images is taken in different places of the liver. These images are taken 

in different orientations, such as coronary (from the head to the feet), sagittal (from the chest to the back) 

and transversal (from right to left). After taking these images, an image segmentation process follows that 

differentiates various tissues within the images. In this case, the goal is to segment hepatic tissues in the 

image. 

Once the segmentation is done, a volumetric process follows. In this process, the software measures 

the areas of the segmented tissues on each image, and then builds a 3D representation of the liver with the 

calculated volume. This information can be useful for precise planning and monitoring the treatment of 

various liver diseases, including metastases [39-40]. 

Calculation of liver volume can be performed using a special software that will mark the borders 

of the liver on each 3D image. The computer can calculate the volume of the liver, which can be useful for 

diagnosis and monitoring of various diseases of this organ [41-43], and is an important predictive factor for 

loss of liver function depending on the degree and volume of the lesion. 

In our study, volumetric analysis was performed on 28 metastases smaller than 10 mm, localized 

in different segments in 19 patients. 

 

Conclusion 

According to the results of our study, it can be seen that the progress and introduction of new MR 

techniques provide opportunities for multiple sequences and models, with and without contrast 

administration, providing an accurate assessment of the type of metastatic invasion, whether biliary or 

vascular. 

On the other hand, hepatic segmentation with MRI volumetry at the level of several segments of 

the liver parenchyma offers an opportunity for more accurate planning of the surgical treatment of hepatic 

metastases.  

Both methods, although complementary, provide a precise framework for treatment of patients with 

malignant diseases with detected metastatic deposits. Additionally, they are important in building the 

criteria for patients who would be candidates for metastases resection or radiofrequency ablation. Magnetic 

resonance is a method that detects metastatic deposits smaller than 10 mm as well as enables estimation of 

the residual volume of healthy liver parenchyma.  
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