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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.

TUMORS OF NEURCEPTHELIAL TISSUE Desmoplastic infantile Malignant peripheral nerve sheath tumour Angiosarcoma
astrocytoma/gangioglioma (MPNST) Kaposi sarcoma
Astrotytic turmours y yoplastie ithelial tumour - Epithelioid MPNST Ewing sarcoma (PNET)
Pilocytic astrecytoma Gangliocytoma - MPNST with mesenchymal
- Pilomyxoid astrocytoma Ganglioglioma differentiation Primary melanocytic lesions
giant cell i iogli - Melanotic MPNST Diffuse melanocytosis
Pleomorphic xanthoastrecytoma Central nevrorytoma - MPNST with glandular di

Diffuse astrocytoma Extraventricular naurocytema Malignant melanoma
- Fibrillary astrocytama Cerebellar liponeurocytama TUMOURS OF THE MENINGES Meningeal melanomatosis
- Gemistorytic astracytoma Papillary glioneuranal tumour [PGNT]
- Proteplasmic astrocytoma Rosztte-forming glionzuronal tumour of  Tumours of meningothelial cells Other related to the
Anaplastic astrocytoma the fourth ventricle Meningioma Haemangioblastoma
Glioblastama Paraganglioma - Meningothelial
- Giant cell glichlastoma - Fibrous {fibroblastic) LYMPHOMAS AND HAEMATOPOIETIC
- Gliosarcoma Turnours of the pinsal region - Transitional {mixed) NEOPLASMS
Gliomatasis cerebri Pineocytoma - Psammomatous
Pineal parenchymal tumour of - Angiomatous Malignant lymphomas
Oligodendrogiial tumours intermediate differentiation - Microcystic Plasmocytoma
Oligodendrogliama Pinecblastoma - Secretory Granulocytic sarcoma
Anaplastic oligodendroglioma Papillary tumour af the pineal region - Lymphoplasmacyte-rich
[PTPR] - Metaplastic GERM CELL TUMOURS
Oliguastrocytic tumours - Chordoid
Dligoastrocytoma Embryonal tumours - Clear cell Germinoma
Anaplastic oligoastracytoma Medullablastoma - Atypical Embryonal carcinoma
- Desmoplstic/nodular - Papillary Yolk sac tumour
Ependymal tumours medulloblastoma - Rhabdoid Choriocarcinoma
Subependymoma - Medulloblastoma with extensive - Anaplastic {malignant) Teratoma
Myxapapillary ependymoma nodularity - Mature
Ependymoma - i tumours - Immature
- Cellular - Large cell medulloklastama Lipoma - Teratoma with malignant
- Papillary CNS primitive tumour iolij transformation
- Cearcell - CNS Newroblastoma Hibernoma Mixed germ cell tumour
- Tanycytic - CNS i Lif
Anaplastic ependymama - Medulloepithelioma Solitary fibrous tumour TUMOURS OF THE SELLAR REGION
- Ependymoblastoma Fibrosarcoma
Chorold plexus tumours Atypical i id tumour i Craniopharyngioma
Charaid plexus papilloma Leiomyoma - Adamantinomatous
Atypical choroid plexus papilloma TUMOURS OF CRANIAL AND PARASPINAL | eiomyosarcoma - Papillary
Charaid plexus carcinoma NERVES Rhabdomyoma Granular cell tumour
Rhabdomyosarcoma Pituicytoma
Other nesurospithellal tumours <l Spindle cell oncocytoma of the
Astroblastoma - Cellular Chondrosarcoma adenohypophysis
Choraid glioma of the third ventride - Plexiform Osteoma
Angiocentric glioma - Melanotic Osteosarcoma METASTATIC TUMOURS
Neurofibroma Osteochondroma
Neurcnal and mixed neurenalglial - Plexiform Haemangioma
tumours Perineurinoma Epithelioid haemangioendothelioma
i i ineuris Haemangiopericytoma

of - NOS
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Fig. 1. Classification of the central nervous system tumors according to WHO, 2007.
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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 TI1-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.
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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 OSRODKOWEGO
UKLADU NERWOWEGO - PROBA OPRACOWANIA ALGORYTMU
POSTEPOWANIA

Streszczenie

Badanie metodg rezonansu magnetycznego jest aktualnie metoda referencyjna
przy wykrywaniu i diagnozowaniu nowotworow centralnego ukladu nerwowego.
Duza cz¢$¢ nowotwordw, zwlaszcza o wysokim stopniu ztosliwosci, charakteryzuje
si¢ wicksza zawartoscia wody w komorkach, co w badaniu MRI skutkuje wydtu-
zeniem T1 i T2, uwidocznionym jako nasilenie sygnalu w obrazach T2-zaleznych
oraz jego obnizeniem w obrazach Tl-zaleznych. MRI mozna przeprowadzi¢
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z podaniem srodka kontrastowego, co powoduje skrocenie czasu T1 i podniesienie
sygnalu w sekwencjach Tl-zaleznych. Pozwala to =zidentyfikowaé obszary
wzmozonej angiogenezy, ktora jest wyktadnikiem stopnia ztos§liwosci nowotworu
oraz jego aktywnosci biologicznej. Otrzymane obrazy MRI sa analizowane oraz
oceniane przez radiologa, a nastepnie klinicyste. Najczesciej jest to analiza ,,na oko”
i opiera si¢ ona na ocenie obrazu MRI z ogolnie przyjetymi normami radio-
logicznymi. Jest to jednak metoda stosunkowo niedoktadna, co sprawia, iz otrzymane
obrazy MRI moga zosta¢ ocenione w sposob niewtasciwy, co z kolei moze przyczynié¢
si¢ do postawienia zlej diagnozy co do choroby pacjenta i wdrozenie lub wrecz brak
wdrozenia odpowiedniego leczenia. Prowadzonych jest coraz wigcej badan w zakresie
wprowadzenia skomputeryzowanego algorytmu stuzacego do oceny badania MRI,
jednak wypracowane metody sa najczesciej bardzo skomplikowane i trudne do
przeprowadzenia przez ,.laika” jakim jest klinicysta. Wtasnie dlatego podjeta zostata
proba opracowania w miar¢ prostego i czytelnego algorytmu analizy obrazu MRI
u pacjentow z choroba nowotworowa centralnego uktadu nerwowego, ktora pozwoli
na szybka i obiektywna ocen¢ badania rezonansu magnetycznego.

Stowa kluczowe: nowotwory, obrazowanie MRI, angiogeneza, analiza obrazu
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