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Summary: Magnetic resonance imaging study is currently the reference method for the 
detection and diagnosis of the central nervous system tumors. A large number of 
tumors, especially high-grade, has a higher water content in the cells, which results in 
prolongation of MRI T1 and T2 what appearance as increased signal intensity in in 
T2-weighted images and the reduction in T1-weighted images. MRI can be performed 
with administration of contrast agent, which shortens T1 and increases signal on T1-
weighted sequences. This allows to identify areas of increased angiogenesis), which is 
the exponent of the cancer malignancy degree and its biological activity. Obtained 
MRI images are analyzed and evaluated by a radiologist and a clinician. Most of the 
time it is the “by the eye” analysis, which is based on the MRI image evaluation by 
the generally accepted radiological standards. However, this method is relatively 
inaccurate. which in turn can bring to the wrong diagnosis of the disease and 
implementation or even lack of implementation of appropriate treatment. More and 
more researches are conducted in this area, but developed methods are usually very 
complicated and difficult to carry out by the "layman" which is the clinician. That is 
why the attempt is made, to develop a simple and clear algorithm for MRI image 
analysis in patients with the central nervous system tumors, allowing for quick and 
objective evaluation of magnetic resonance imaging study. 
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1. TUMORS OF THE CENTRAL NERVOUS SYSTEM  

Central nervous system tumors are approximately 1.5% of all cancers occurring in 
the human body, but their incidence is still increasing. Globally, the incidence of deaths 
due to intracranial tumors is estimated to be approximately 2.3% of all deaths due to 
cancer. 70-75% of them are primary tumors, and 20-25% are metastatic tumors. Due to 
the specific structure and functions of the brain, central nervous system tumors differ 
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significantly from tumors located in other parts of the body. The very location of the 
tumor, regardless of its growth and malignancy, affects on the prognosis and patient's 
functional status. In case of location of the lesion in the area of important vital 
structures, both a tumor growth and its surgical treatment is a huge risk of severe 
disability or death of the patient. 

Tumors of the central nervous system can be classified according to several basic 
criteria. The first one is the presentation of tumors due to their location within the 
cranial cavity. There are supratentorial tumors (located in the lobes of the brain, in deep 
structures of the telencephalon and diencephalon), which are 80-85% of all intracranial 
tumors in adults, and 40% in children, and infratentorial tumors (located within the 
cerebellum, brainstem, or the cerebellopontine angle), representing 15-20% of 
intracranial tumors in adults and 60% in children. This division is based on images 
obtained in radiological examinations, such as conventional radiography (X-ray), 
computed tomography (CT), magnetic resonance imaging (MRI) or positron emission 
tomography (PET). It is widely used in clinical practice, mainly because the location of 
the pathology is responsible for the occurrence of specific neurological symptoms, and 
allows to determine the quality of possible damage of the central nervous system after 
the surgery. Another criterion of division of the central nervous system tumors is the 
origin of the tumor tissue, first introduced by the World Health Organization (WHO) in 
1979. The latest, 2007, WHO classification accounts the current state of knowledge 
about the biology of cancer, intracellular regulatory pathways, disturbed in the process 
of oncogenesis, and aspects of the therapeutic methods prediction. 
 

 
Fig. 1. Classification of the central nervous system tumors according to WHO, 2007. 
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This division is based on histological assessment of tumor cell types using 
conventional optical microscopy and cytogenetic studies. The third criterion of division 
of the central nervous system tumors, which is also complementary to the WHO 
classification, is the histological malignancy of the tumor (called grading). We can 
distinguish four degrees of malignancy: 
 

Malignancy 
degree – grade 

Tumor  
malignancy 

Survival after surgical 
removal of the tumor 

Features of microscopic 
structure 

I Benign 
> 5 years or complete 

recovery 

Differentiation of cells 
resembling normal tissue 

weaving 
II Relatively benign 3-5 years High cell density 

III 
Relatively 
malignant 

2-3 years 
Features of II + high mitotic 

index 

IV Malignant 6-15 months 
Features of II and III + vascular 

proliferation and/or necrosis 
 
In clinical practice all criteria of subdivision are taken into account. This allows the 
selection of appropriate therapy and assessing prognosis for patient survival. 
 

2. CHARACTERISTICS OF THE MOST COMMON CENTRAL 
NERVOUS SYSTEM TUMORS 

Glial tumors are the largest group of primary intracranial tumors. They represent 
about 45% of all brain tumors. Most of them occur in the 5th and 6th decade of life. 
They are neuroepithelial origin tumors, derived from precursors of glial cells. Among 
them  we can distinguish: astrocytomas – the most frequent, oliodendrogliomas and 
ependymomas. There is a huge diversity and multiplicity of glial tumors 
histopathological types. From a practical point of view, it can be divided into low-grade 
gliomas (LGG), which include I and II grade tumors, according to WHO, as well as 
high-grade gliomas (HGG), to which include III and IV grade tumors, according to 
WHO.  
 

 

Fig. 2. MRI images, T1 + contrast, axial view. From left: astrocytoma anaplasticum WHO III, 
oligodendroglioma anaplasticum WHO III, glioblastoma multiforme WHO IV. 
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LGG grow slower than HGG and they can undergo a blast transformation to grade 
IV WHO into a glioblastoma multiforme (GBM), which is the most malignant form of 
astrocytoma, and the most common glial tumor. Glioblastoma has an invasive pattern of 
growth. Most of the time it occurs supratentorially within hemispheres of the brain, less 
infratentorially in the brainstem. The prognosis for patients with glioblastoma 
multiforme is very bad. Median survival ranges from 6 to 12 months. 

Meningiomas are the most common primary intracranial tumors of low grade 
malignancy. They represent about 18% of all central nervous system tumors. They 
come from meningothelial cells (meningeal space cells). They create a wide attachment 
with the dura mater. They can grow into a skull and soft tissues of the head layers. They 
grow slowly and do not infiltrate the surrounding tissues, but only oppress and move the 
brain. Their slow growth allows adaptation of the brain in relation to increasing 
oppressor masses, so they may attain considerable size before a symptoms of a focal 
damage to the central nervous system appear in a patient. Mostly their location is 
parasagittal, convexity, tubercullum sellae, sphenoidal ridge, olfactory groove and falx; 
less is lateral ventricle, tentorial, middle fossa, orbital, intrasylvian and extracalvarial.  
 

 

Fig. 3. MRI images, T1 + contrast, axial view. Meningioma meningotheliale WHO I.  
 

Metastatic tumors almost ten times exceed the number of all primary central 
nervous system tumors. The most common primary source of metastasis is lung cancer 
(about 50%), especially small cell carcinoma and adenocarcinoma. Other causes include 
breast cancer, kidney, colon and rectum, and melanoma. In about 30-40% of metastases 
to the central nervous system occur singly. But more often multiple changes are 
observed. They are the most characteristic for malignant melanoma and lung cancer. 
Metastatic tumors are localized mostly within the cerebral hemispheres (80%), on the 
border of gray and white matter with a predilection for the parietal lobe, less in the 
cerebellar hemispheres (16%) and in the brainstem (4%). Some cancers, such as uterine 
cancer, colorectal cancer or small cell lung cancer, show a predilection for infratentorial 
metastasis formation. Metastatic tumors, in addition to cortico-subcortical location, are 
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characterized by relatively large swelling of the brain tissues sourrounding the tumor, 
which affects the symptoms of increased intracranial pressure or focal damage to the 
central nervous system. 
 

 
Fig. 4. MRI images, T1 + contrast, axial view. Carcinoma metastaticum cerebri. 

 

3. IMAGING METHODS OF THE CENTRAL NERVOUS SYSTEM 
TUMORS 

Currently, in case of the central nervous system tumor suspection, the most 
performed imaging examinations are computed tomography (CT) and magnetic 
resonance imaging (MRI). 

Computed tomography to reconstruct the internal spatial structure of the object 
uses data on the absorption of ionizing radiation through the test object. On the basis of 
CT screening, a mass effect and/or reduced area density, you can eject the suspected 
presence of neoplasm in the central nervous system. The examination can be performed 
with or without contrast administration, which allows visualization of blood vessels and 
the degree of tissue perfusion. Depending on the histopathological type and the 
presence of calcification, tumors may be hypo-, normo-and hiperdensive in relation to 
the surrounding tissues. Many changes in the central nervous system cancer may be 
accompanied by swelling, resulting from the abolition of blood-brain barrier, shown on 
CT as an area of reduced density. Tumors such as meningiomas may grow into bones of 
the skull, causing erosion or hiperosteosis that are very well visible on the CT bone 
window. Computed tomography is also useful in the detection of calcifications and 
bleeding into the tumor masses, which often occurs in glioblastoma multiforme. 

Significantly higher sensitivity and specificity, compared to CT scanning, shows  
a magnetic resonance imaging study. It is currently the reference method for the 
detection and diagnosis of the central nervous system tumors. The MRI uses the 
physical properties of hydrogen atoms, which placed in a strong magnetic field 
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rearranges relatively to the magnetic field lines. Then they are stimulated by the 
resonant frequent electromagnetic pulses. During the stimulation decay, occurs an 
emission of a radio frequency waves. Received signals differ by intensity, depending on 
the type of tissue from which they originate. A large number of tumors, especially high-
grade, has a higher water content in the cells, which results in prolongation of MRI T1 
and T2 what appearace as increased signal intensity in in T2-weighted images and the 
reduction in T1-weighted images. 

 
Table 2. Type of MRI signal in the case of selected central nervous system tumors. 

Tumor histological type T1 – weighted images T2 – weighted images 
Low grade gliomas hipo/-izointensive hiperintensive 
High grade gliomas hipo/-izointensive hiperintensive 

Meningiomas iso-/hipointensive iso-/hipointensive 
Metastatic tumors hipo/-izointensive hiperintensive 

 
As with CT, MRI can be performed without or with administration of contrast 

agent (usually gadolinium), which shorten T1 and increase signal on T1-weighted 
sequences. This allows to identify areas of increased blood flow (increased 
angiogenesis). Increased angiogenesis, the formation of blood vessels in tumor tissues, 
is the exponent of the cancer malignancy degree and its biological activity. 
Microcirculation can be illustrated by examination of brain tissue perfusion (eg. PWI 
MRI – weighted perfusion MRI, DCE MRI - dynamic contrast enchanced MRI). 
Administration of the contrast agent can also detect damage to the blood-brain barrier 
and allows to find the boundary between tumor and surrounding edema. The degree of 
after-contrast signal increasement depends on the concentration of contrast agent and 
magnetic fields force. 

There are many MRI sequences and techniques, eg. FLAIR – fluid attenuated 
inversion recovery, STIR – short tau inversion recovery, MRA – magnetic resonance 
angiography, DWI – difussion weighted imaging, MRS – magnetic resonance 
spectroscopy, DTT MRI – difussion tensor tractography MRI. This an examination 
highly exceed computed tomography in the diagnosis of tumors of the central nervous 
system. Of course it has its limitations, such as the relatively long examinating time, 
sensitivity to motion artifacts, lack of examination possibility in case of the metal 
presence in patient's body, and the high price of examination. Despite that, it has many 
advantages, that put it in the first place in neuroimaging diagnosis, including:  
– the possibility of obtaining images in any plane, which allows to define a very 

precise topographical relationships in relation to adjacent anatomical structures, 
– high contrast resolution between imaging tissues, 
– lack of bone artifacts, 
– greater sensitivity than CT, 
– possibility to conduct the examination in pregnant women (very low risk of adverse 

effects on the fetus of the magnetic field, as opposed to harmful ionizing radiation X 
in the case of CT), 

– non-invasive examination, 
– repeatability of examination. 
 



 MRI image analysis in patients with a tumor ... 55 
 

4. CLASSICAL MRI IMAGINE ANALYSIS 

After the MRI examination, obtained images are analyzed and evaluated by  
a radiologist and a clinician. Most of the time it is the “by the eye” analysis. It is based on 
the MRI image evaluation by the generally accepted radiological standards. However, this 
method is relatively inaccurate. This is influenced by many factors, such as: 
– High evaluation subjectivity, 
– influence of the experience of the image evaluator, 
– influence of the fatigue of the image evaluator, 
– low reproducibility of the analysis results. 

These factors make the obtained MRI images to be evaluated in an improper 
manner, sometimes with very frivolous reasons, which in turn can bring to the wrong 
diagnosis of the disease and implementation or even lack of implementation of 
appropriate treatment. For this reason, the best solution would be to introduce  
a computerized algorithm used to evaluate the MRI. More and more researches are 
conducted in this area, but developed methods are usually very complicated and 
difficult to carry out by the "layman" which is the clinician. That is why the attempt is 
made, to develop a simple and clear algorithm for MRI image analysis in patients with 
the central nervous system tumors, allowing for quick and objective evaluation of 
magnetic resonance imaging study. 
 

5. HOW TO DO IT – A NEW METHOD 

In a patient with suspicion of a central nervous system tumor, a magnetic 
resonance imaging with the administration of contrast agent (gadolinium) is performed. 
The first sequences are performed without a contrast agent, and then the same 
sequences are performed immediately after administration of gadolinium. To 
comparement the T1-weighted (T1) and T1 + contrast (T1 + c) sequences are used. 
Images of the tumor, originating from the same imaging plane and the same cross 
section, have to be selected. On both images we denote the ROI (region of interest), 
which in this case is the tumor area. 
 

 

Fig. 5. MRI images, axial view, with denoted ROI’s, from left T1 (ROI area), T1+c (ROI+c area). 
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The next step is to copy the ROI of the image and paste it in place of the brain that 
is not occupied by a cancer. This area will be the reference area for ROI. The received 
images undergo segmentation using DPM method (Dirichlet Process Mixture) of 
statistical computing environment R, which divides the image to the appropriate number 
of clusters. 

 

Fig. 6. MRI imagine after the DPM method segmentation.  
 

From each of images (from ROI and the reference area) the number of pixels in 
the shade of gray scale (gray index) is automatically counted, and the results are 
presented in the form of histograms and tables. 

Subsequently, the results of ROI and ROI + c for the image of the cross section of 
the site are subtracted from each other, and thus we obtain the measure as the ROI 
difference before and after administration of contrast. This difference reflects the 
amount of contrast agent, located in tumor microvessels, and thus indicates the thereof 
amount. As it is reported by previous research on the central nervous system tumors, the 
number of microvessels in the tumor mass correlates positively with the degree of 
malignancy, and therefore on the basis on so obtained results, it can be assessed with 
high probability which type of tumor do we have, which will allow a more accurate 
selection of treatment and assessment of prognosis. 
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Fig. 7. A histogram showing the number of pixels in a shade of gray scale. On the y the number of 
pixels is indicated, and on the x the number corresponding shade of approved gray scale 
(from 0 to 1025). Black area shows the ROI analysis, and the red area the reference analysis. 

 

6. RESULTS  

In contrast to classical methods MRI image analysis in patients with the central 
nervous system tumors, the method presented by us can be a much more valuable tool 
for evaluation of magnetic resonance imaging studies, primarily due to: 
– assessment automation, 
– assessment repeatability, 
– more objective assessment. 

Excluded are all factors associated with human error, such as subjectivity, the 
impact of fatigue and experience, which greatly affect on the analysis quality reduction. 
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The new method can help to facilitate the work of both radiologists – the assessment of 
MRI images, and clinicians – when planning treatment, monitoring the disease and 
predicting prognosis for patient survival. Due to its simplicity and fast, direct obtaining 
of concrete results, it can also be used by those less experienced in the analysis of 
magnetic resonance images. 
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ANALIZA OBRAZU MRI U CHORYCH Z GUZEM O RODKOWEGO 
UK ADU NERWOWEGO – PRÓBA OPRACOWANIA ALGORYTMU 

POST POWANIA 

Streszczenie 
 

Badanie metod  rezonansu magnetycznego jest aktualnie metod  referencyjn  
przy wykrywaniu i diagnozowaniu nowotworów centralnego uk adu nerwowego. 
Du a cz  nowotworów, zw aszcza o wysokim stopniu z o liwo ci, charakteryzuje 
si  wi ksz  zawarto ci  wody w komórkach, co w badaniu MRI skutkuje wyd u-
eniem T1 i T2, uwidocznionym jako nasilenie sygna u w obrazach T2-zale nych 

oraz jego obni eniem w obrazach T1-zale nych. MRI mo na przeprowadzi   
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z podaniem rodka kontrastowego, co powoduje skrócenie czasu T1 i podniesienie 
sygna u w sekwencjach T1-zale nych. Pozwala to zidentyfikowa  obszary 
wzmo onej angiogenezy, która jest wyk adnikiem stopnia z o liwo ci nowotworu 
oraz jego aktywno ci biologicznej. Otrzymane obrazy MRI s  analizowane oraz 
oceniane przez radiologa, a nast pnie klinicyst . Najcz ciej jest to analiza „na oko”  
i opiera si  ona na ocenie obrazu MRI z ogólnie przyj tymi normami radio-
logicznymi. Jest to jednak metoda stosunkowo niedok adna, co sprawia, i  otrzymane 
obrazy MRI mog  zosta  ocenione w sposób niew a ciwy, co z kolei mo e przyczyni  
si  do postawienia z ej diagnozy co do choroby pacjenta i wdro enie lub wr cz brak 
wdro enia odpowiedniego leczenia. Prowadzonych jest coraz wi cej bada  w zakresie 
wprowadzenia skomputeryzowanego algorytmu s u cego do oceny badania MRI, 
jednak wypracowane metody s  najcz ciej bardzo skomplikowane i trudne do 
przeprowadzenia przez „laika” jakim jest klinicysta. W a nie dlatego podj ta zosta a 
próba opracowania w miar  prostego i czytelnego algorytmu analizy obrazu MRI  
u pacjentów z chorob  nowotworow  centralnego uk adu nerwowego, która pozwoli 
na szybk  i obiektywn  ocen  badania rezonansu magnetycznego.  
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