
UltrasoundUltrasoundUltrasoundUltrasound

1)1) CEUS CEUS ((contrastcontrast enhancedenhanced ultrasoundultrasound))

2)2) ElastographyElastography2)2) ElastographyElastography

NavigationNavigation systemssystems3)3) NavigationNavigation systemssystems



CEUS CEUS PrinciplePrincipleCEUS CEUS PrinciplePrinciple

Gas bubbles reflect back ultrasound waves

They are strictly intravascular, they do not penetrate into They are strictly intravascular, they do not penetrate into 

the extravascular space.

They rupture and gas from them is excreted through the They rupture and gas from them is excreted through the 

lungs

��usus probeprobe��usus probeprobe



SonoVueSonoVue®®SonoVueSonoVue®®

�� MicrobubblesMicrobubbles stabilizedstabilized by by phospholipidsphospholipids
�� ItIt containscontains SulfurSulfur--hexafluoridhexafluorid (SF(SF66) ) –– inertinert gasgas, , excretedexcreted troughtrough lungslungs

respirationrespirationrespirationrespiration

� Increase in signal intensity for 33--8 min.8 min.



LiverLiverLiverLiver



BB--modemodeBB--modemode

�� WhenWhen youyou couldcould saysay
definitedefinite diagnosisdiagnosis::definitedefinite diagnosisdiagnosis::

TypicalTypical liver liver cystcyst�� TypicalTypical liver liver cystcyst

�� CalcificationCalcification



�� All other focal hepatic lesions are characterized not All other focal hepatic lesions are characterized not �� All other focal hepatic lesions are characterized not All other focal hepatic lesions are characterized not 

only by differences in echogenicity, but also due to only by differences in echogenicity, but also due to 

different vascularization bearings and due to different vascularization bearings and due to different vascularization bearings and due to different vascularization bearings and due to 

changes in perfusion changes in perfusion kineticskinetics..

� Due to the dual blood supply of the liver by 

portal vein and hepatic artery, we do not judge portal vein and hepatic artery, we do not judge 

only according to whether they are hypo- or only according to whether they are hypo- or 

hypervascular but also saturation depends on 

the perfusion stage and thus on the histological the perfusion stage and thus on the histological 

structure



DoseDoseDoseDose

�� NormalNormal liverliver

�� 1,5ml i.v. bolus + FR1,5ml i.v. bolus + FR�� 1,5ml i.v. bolus + FR1,5ml i.v. bolus + FR

�� CirrhoticCirrhotic liver, fat liver, fat patientpatient, , deepdeep lesionlesion

�� 2,0 ml i.v. bolus + FR2,0 ml i.v. bolus + FR



HemangiomaHemangiomaHemangiomaHemangioma

the most common benign liver the most common benign liver tumortumor�� the most common benign liver the most common benign liver tumortumor

�� oftenoften anan incidentalincidental findingfinding

�� usually usually stablestable, but , but cancan vary in vary in timetime�� usually usually stablestable, but , but cancan vary in vary in timetime

�� cancan also also grow rapidlygrow rapidly



Focal nodular hyperplasiaFocal nodular hyperplasia
�� Second Second the the most common benign liver tumormost common benign liver tumor

� contains hepatocytes, elements of bile ducts, Kupffer� contains hepatocytes, elements of bile ducts, Kupffer
cells, fibrous stroma and often "central scar"(50%)

� typically random finding in women� typically random finding in women



HepatocellularHepatocellular adenomaadenoma
� relatively rare benign tumor is potentially malignant 

� Associated with oral contraceptives, 90% young women . . � Associated with oral contraceptives, 90% young women . . 

� Frequent cause of pain because of it contains necrosis 
and hemorrhageand hemorrhage

� primarily arise from hepatocytes may contain fat, often 
contain intracellular glycogen, they tend to have a thin contain intracellular glycogen, they tend to have a thin 
pseudocapsule, lack architectonics, there is a relatively 
small amount of bile ducts and often degenerative 
necrosisnecrosis



HAHAHAHA
inhomogeneity (hyperechoic districts of acute hemorrhage, hypo- to unechogenic in 
older bleeding)older bleeding)

homogeneous saturation in the arterial phase, zero saturation in portovenose phase
poorly distinguishable - coincides with the parenchyma in late (sinusoidal) phase
pericapsular vessels.pericapsular vessels.



Liver abscesLiver abscesLiver abscesLiver absces
Symptoms are often non-specificSymptoms are often non-specific

Findings on nativ US is sometimes nonspecific and difficult to distinguish 
from tumor necrosisfrom tumor necrosis

CContentontent of the gas is a specific finding, but is present less than 20% of casesof the gas is a specific finding, but is present less than 20% of cases



HepatocelullarHepatocelullar carcinomacarcinomaHepatocelullarHepatocelullar carcinomacarcinoma

� The most common primary malignant liver tumors
�� associated with cirrhosis, chronic active hepatitis, associated with cirrhosis, chronic active hepatitis, hemochromatosishemochromatosis

� larger HCC usually hypervascular



HCCHCC
Intensive saturation with a rapid increase (time to peak) in the arterial phase, a 
relatively rapid wash-out in portal phase



CholangiocarcinomaCholangiocarcinomaCholangiocarcinomaCholangiocarcinoma
• HCC less frequent and in older patients

• hypovascular tumor• hypovascular tumor



MetastasisMetastasisMetastasisMetastasis

�� the liver is the most common site of distant the liver is the most common site of distant metastasismetastasis

� They have great variability, may be cystic, solid, mixed, � They have great variability, may be cystic, solid, mixed, 
hypervascular or hypovaskular



ColrectalColrectal carcionmacarcionma metastasismetastasisColrectalColrectal carcionmacarcionma metastasismetastasis



HypervascularHypervascular metastasismetastasisHypervascularHypervascular metastasismetastasis

((karcinoidkarcinoid))



KidneysKidneysKidneysKidneys



WhenWhen wewe use use ititWhenWhen wewe use use itit

�� WWee cancan differentiatedifferentiate solid solid lessionslessions fromfrom cysticcystic�� WWee cancan differentiatedifferentiate solid solid lessionslessions fromfrom cysticcystic

�� GradeingGradeing ofof cysticcystic lessionslessions -- BosniakBosniak classificationclassification



��Case 1Case 1

ChromofobeChromofobe

RCCRCC



��Case 2Case 2

OnkocytomaOnkocytomaOnkocytomaOnkocytoma



��Case 3Case 3



kidney cystskidney cysts

�� Standard: CT Standard: CT –– BosniakBosniak classificationclassification�� Standard: CT Standard: CT –– BosniakBosniak classificationclassification

I, II I, II -- benignebenigneI, II I, II -- benignebenigne

IIF IIF -- probablyprobably benignebenigne, track, track

III  III  -- 50% 50% malignemaligneIII  III  -- 50% 50% malignemaligne

IV IV -- almostalmost 100% 100% malignemaligne



BosniakBosniak IIBosniakBosniak II



BosniakBosniak IIIIBosniakBosniak IIII
� thin septs, sometimes you can watch the gentle enhancement of septs



BosniakBosniak IIFIIFBosniakBosniak IIFIIF

�� More More septssepts, and , and theyrtheyr enhancementenhancement

� wall thickening without enhancement

T2 TSET2 TSE

T1 k.l.T1 k.l.



BosniakBosniak IIIIIIBosniakBosniak IIIIII

� thickened wall, or septum, with enhancementh� thickened wall, or septum, with enhancementh

MultilocularMultilocularMultilocularMultilocular

cysticcystic nefromanefroma



BosniakBosniak IVIVBosniakBosniak IVIV

�� Solid soft Solid soft tissuetissue nodulnodul withwith enhancementenhancement�� Solid soft Solid soft tissuetissue nodulnodul withwith enhancementenhancement



ElastografieElastografie

Radiologická klinika FN Brno a LF MURadiologická klinika FN Brno a LF MURadiologická klinika FN Brno a LF MURadiologická klinika FN Brno a LF MU



Basis principles of elastographyBasis principles of elastography

�� It uses ultrasound to determine the difference in rigidity (elasticity) of It uses ultrasound to determine the difference in rigidity (elasticity) of 

the the tissuestissuesthe the tissuestissues

�� Tissue stiffness is generally Tissue stiffness is generally expressedexpressed by by Young's Young's modulmodul (unit (unit -- Pa)Pa)))

the ratio between the applied pressure (S) 
and the induced strain (e)

e

S
E =

�� More More stiffness stiffness = = higherhigher YoungYoung modelmodel

e

�� More More stiffness stiffness = = higherhigher YoungYoung modelmodel



StrainStrain elastographyelastographyStrainStrain elastographyelastography

�� ThisThis methodmethod use use compressioncompression ofof tissuetissue by by �� ThisThis methodmethod use use compressioncompression ofof tissuetissue by by 

ownown patientspatients movementmovement ((breathingbreathing, , movingmoving ofof the the 

heartheart andand blood blood vesselsvessels))heartheart andand blood blood vesselsvessels))

�� In In thisthis methodmethod wewe cancan onlyonly make make colorcolor mapsmaps, , 

but not but not mesuremesure valuesvalues ofof preasurepreasurebut not but not mesuremesure valuesvalues ofof preasurepreasure



ShearShear wavewave elastographyelastographyShearShear wavewave elastographyelastography

� With appropriate ultrasound waves, we can generate both 

((shearshear waveswaves))longitudinal and transverse waves ((shearshear waveswaves))

� transverse waves ((shearshear waveswaves) ) formed as a � transverse waves ((shearshear waveswaves) ) formed as a 

response of elastic tissue resistance to vibrations with low frequency

� source of vibration are pulses of acoustic pressure generated by focused 

ultrasound

�� And And wewe cancan measuremeasure itit

ρ=
EE ...... elasticityelasticity [[PaPa]]

23 cE ρ=
EE ...... elasticityelasticity [[PaPa]]
ρρ ...... Density of environment [[kgkg..mm––33]]
cc ... ... velocity of propagation [[m.sm.s––11]]



ShearShear wavewave elastografieelastografieShearShear wavewave elastografieelastografie

�� OneOne point point –– static(static(numbernumber))�� OneOne point point –– static(static(numbernumber))

�� DynamicDynamic –– on line on line colourcolour mapmap



WhereWhere wewe cancan use use ititWhereWhere wewe cancan use use itit

�� LoverLover

�� Grade Grade ofof fibrosisfibrosis�� Grade Grade ofof fibrosisfibrosis

�� SpleenSpleen
�� PortalPortal hypertensishypertensis

�� ThyroidThyroid glandgland�� ThyroidThyroid glandgland

�� Brest Brest lessionslessionsBrest Brest lessionslessions



NavigationNavigation systemssystems



SystemSystem functionsfunctionsSystemSystem functionsfunctions

�� realreal--timetime fusionfusion ofof US/CEUS US/CEUS withwith (CT, MR, PET/CT)(CT, MR, PET/CT)

�� NavigatedNavigated intervencionintervencion withwith specialspecial needlesneedles

�� BiopsiBiopsi

�� AblacionAblacion



MachineMachineMachineMachine

EM EM fieldfield

GeneratorGenerator

SensorSensor



FusionFusion CT +UZCT +UZFusionFusion CT +UZCT +UZ



Use Use ofof fusionfusionUse Use ofof fusionfusion



FusionFusion + + navigationnavigation -- planningplanning





ComputedComputed tomographytomography

1) VIRTUAL COLONOSCOPY1) VIRTUAL COLONOSCOPY

2) 2) SpectralSpectral CTCT2) 2) SpectralSpectral CTCT



VIRTUAL COLONOSCOPYVIRTUAL COLONOSCOPY

IndicationIndicationIndicationIndication

� Examinatio is intended to detect polyps and

carcinomas, in case that the optical colonoscopy is:carcinomas, in case that the optical colonoscopy is:

� incomplete (anatomy, spasm, stenosis, adhesion ..)� incomplete (anatomy, spasm, stenosis, adhesion ..)

� intolerance or rejection by the patient� intolerance or rejection by the patient

� contraindicated

� unclear findings at OC

increased risk of complications during OC increased risk of complications during OC 

(anticoagulation, age ...)

It is not yet approved for colorectal cancer screening

Reliable detection in larger polyps (above 5 mm) and cancers



AdvantagesAdvantages VIRTUAL VIRTUAL 

COLONOSCOPYCOLONOSCOPYCOLONOSCOPYCOLONOSCOPY

LowLow--dose dose technictechnic ((aboutabout 77--8 8 mSvmSv))

NonivasiveNonivasive, no , no painpain

YouYou cancan avaluateavaluate wallwall and and surroundingssurroundings ofof bowlbowl, and i , and i nativenative picturepicture wholewhole
abdomen.abdomen.abdomen.abdomen.

YouYou seesee behindbehind stenosisstenosis

DisadvantagesDisadvantages –– les les accurateaccurate

No No interventionsinterventionsNo No interventionsinterventions

ArteficialArteficial findingsfindings((faecesfaeces, , resiodualresiodual intraluminalintraluminal materialmaterial))



ExaminationExaminationExaminationExamination

PreparationPreparation forfor examinationexamination isis samesame as on as on normalnormal

colonoscopycolonoscopycolonoscopycolonoscopy

++

Night Night beforebefore posiveposive contrastcontrast peroralperoral forfor faecaesfaecaes

markingmarking

+ + closelyclosely beforebefore examinationexamination::+ + closelyclosely beforebefore examinationexamination::

HypotonyHypotony–– 1ml 1ml BuscopanBuscopan i.vi.v..

InsuflationInsuflation ofof CO2 on CO2 on preasurepreasure betweenbetween 66--

25mmHg..25mmHg..

ThanThan CT CT examinationexamination two positions: on the ThanThan CT CT examinationexamination two positions: on the 
abdomen and back



ExaminationExaminationExaminationExamination

ClassicClassic 2D CT 2D CT nativnativClassicClassic 2D CT 2D CT nativnativ

PrimaryPrimary software software automaticautomatic detectiondetection ofof polypspolyps(CAD)(CAD)PrimaryPrimary software software automaticautomatic detectiondetection ofof polypspolyps(CAD)(CAD)

SecundarySecundary manualmanual detectiondetection inin





ComputerComputer--aided detection CAD aided detection CAD ComputerComputer--aided detection CAD aided detection CAD 



6 mm měkkotkáňový polyp na colon ascendens 6 mm měkkotkáňový polyp na colon ascendens –– malý malý 6 mm měkkotkáňový polyp na colon ascendens 6 mm měkkotkáňový polyp na colon ascendens –– malý malý 

tubulární adenomtubulární adenom



Submucosal lipomaSubmucosal lipomaSubmucosal lipomaSubmucosal lipoma





MRI MRI –– New New methodsmethodsMRI MRI –– New New methodsmethods

�� diffusiondiffusion--weightedweighted imagingimaging, , �� diffusiondiffusion--weightedweighted imagingimaging, , 

((DWIDWI))((DWIDWI))

�� diffusiondiffusion tensor tensor imagingimaging, (, (DTIDTI))

FunctinalFunctinal MRI (MRI (fMRIfMRI))�� FunctinalFunctinal MRI (MRI (fMRIfMRI))



SSpectralpectral CTCTSSpectralpectral CTCT

�� CT spectral data reconstructed using Compton scattering CT spectral data reconstructed using Compton scattering 

and and photoeffectphotoeffect information is stored in SBI information is stored in SBI (Spectral Based (Spectral Based and and photoeffectphotoeffect information is stored in SBI information is stored in SBI (Spectral Based (Spectral Based 

Image)Image)

�� spectral data results can be displayed as normal grayscale spectral data results can be displayed as normal grayscale 

CT or color map.CT or color map.CT or color map.CT or color map.

�� pixel intensity may correspond to:pixel intensity may correspond to:�� pixel intensity may correspond to:pixel intensity may correspond to:

�� HUHU

�� concentrations of the material (mg / ml), e.g. iodineconcentrations of the material (mg / ml), e.g. iodine

�� effectiveeffective atomicatomic numbernumber ((ZZeffeff))�� effectiveeffective atomicatomic numbernumber ((ZZeffeff))



SSpectralpectral CT CT usageusageSSpectralpectral CT CT usageusage

�� PerfusionPerfusion mapsmaps in in diagnosisdiagnosis ofof a.pulmonalisa.pulmonalis embolisationembolisation

�� SpectralSpectral analysisanalysis ofof urinalurinal stonesstones

�� DetectionDetection ofof hypervascularhypervascular leasionsleasions((e.ge.g. In liver). In liver)::



�� A. A. pulmonalispulmonalis branchbranch embolasitionembolasition�� A. A. pulmonalispulmonalis branchbranch embolasitionembolasition



MixedMixed urinaryurinary stonestoneMixedMixed urinaryurinary stonestone



DWI: DWI: DiffusionDiffusion weightedweighted imagingimagingDWI: DWI: DiffusionDiffusion weightedweighted imagingimaging

�� DifusionDifusion –– random motion of water �� DifusionDifusion –– random motion of water 

molecules in tissue (Brownův pohyb)(Brownův pohyb)

� Alteration of the process of diffusion is� Alteration of the process of diffusion is

characteristic for certain pathological characteristic for certain pathological 

conditions



��DWI b0DWI b0 ��ADCADC

��DWI b1000 DWI b1000 isotropicisotropic

��DWI b1000 DWI b1000 anisotropicanisotropic ��eADCeADC



InterpretationInterpretation ofof DWIDWIInterpretationInterpretation ofof DWIDWI

�� RestrictionRestriction od od difusiondifusion::
�� HyperintensHyperintens DWI B1000DWI B1000�� HyperintensHyperintens DWI B1000DWI B1000

�� HypointensHypointens na ADC na ADC 

��DWI B0 = T2DWI B0 = T2 ��DWI DWI 

B1000B1000

��ADCADC ��eADCeADC

B1000B1000



Indications and practical use of DWIIndications and practical use of DWIIndications and practical use of DWIIndications and practical use of DWI

Detection of early ischemia, and � Detection of early ischemia, and 

differentiation fromfrom tumors differentiation fromfrom tumors 

� Differential diagnosis of ring lesions 

� More accurate differential diagnosis of 

tumors.tumors.



IschemiaIschemia on DWI on DWI IschemiaIschemia on DWI on DWI 



IschemiaIschemia x tumorx tumorIschemiaIschemia x tumorx tumor

��DWI B1000DWI B1000 ��ADCADC

��T2 TSE tra.T2 TSE tra.



DifDif. dg. . dg. ofof ring ring lessionslessionsDifDif. dg. . dg. ofof ring ring lessionslessions

�� Absces Absces –– restrictionrestriction ofof diffusiondiffusion: : ↓ADC↓ADC�� Absces Absces –– restrictionrestriction ofof diffusiondiffusion: : ↓ADC↓ADC

�� TumorsTumors –– facilitacionfacilitacion ofof diffusiondiffusion --

necroticnecrotic centre: centre: ↑ADC↑ADCnecroticnecrotic centre: centre: ↑ADC↑ADC



DifDif. dg. Ring . dg. Ring lessionslessionsDifDif. dg. Ring . dg. Ring lessionslessions

��CT k.l.CT k.l. ��T2 TSE tra.T2 TSE tra. ��T1 SE k.l. tra.T1 SE k.l. tra.�� AbscesAbsces

��FLAIR cor.FLAIR cor. ��DWI b1000DWI b1000 ��ADCADC



DifDif. dg. Ring . dg. Ring lessionslessionsDifDif. dg. Ring . dg. Ring lessionslessions
��DWI b1000DWI b1000 ��ADCADC

�� MetastasisMetastasis lunglung

adenokarcinomaadenokarcinoma

��DWI b1000DWI b1000 ��ADCADC

adenokarcinomaadenokarcinoma

��T1 SE k.l. cor.T1 SE k.l. cor.

��T2 TSE tra.T2 TSE tra.��T2 TSE tra.T2 TSE tra.

��eADCeADC



DifDif. dg. . dg. ofof tumorstumorsDifDif. dg. . dg. ofof tumorstumors

�� DWI DWI imageimage depencedepence on the histological structure of on the histological structure of 

the tumor tissue: the tumor tissue: diffusion decreases with increasing diffusion decreases with increasing the tumor tissue: the tumor tissue: diffusion decreases with increasing diffusion decreases with increasing 

cellularitycellularity, (, (↓ADC) ↓ADC) lymfomalymfoma, , highhigh--grade grade gliomaglioma

�� HighHigh ADC ADC valuevalue -- lowlow--grade grade gliomaglioma –– lowlow

cellularitycellularitycellularitycellularity



DifDif. dg. . dg. tumorstumorsDifDif. dg. . dg. tumorstumors

�� LymfomaLymfoma

��DWI b1000DWI b1000

�� LymfomaLymfoma

��ADCADC

��T1 SE k.l. sag.T1 SE k.l. sag.

��T2 TSE tra.T2 TSE tra.



DifDif. dg. . dg. tumorstumorsDifDif. dg. . dg. tumorstumors

�� HighHigh--grade grade gliomaglioma

��DWI B1000DWI B1000 ��ADAD

CC

��T2 TSE tra.T2 TSE tra. ��T1 SE k.l. tra.T1 SE k.l. tra.



DTI DTI –– diffusiondiffusion tensor tensor imagingimagingDTI DTI –– diffusiondiffusion tensor tensor imagingimaging

�� Method based on the principles of Method based on the principles of DWIDWI

�� Diffusion Diffusion anisotropy in the white matter of the brain and anisotropy in the white matter of the brain and 
spinal cord: spinal cord: the movement of water molecules occurs the movement of water molecules occurs 
more easily along the nerve more easily along the nerve fibersfibersmore easily along the nerve more easily along the nerve fibersfibers

�� DWI DWI image signal intensity depends image signal intensity depends on the direction of on the direction of 
the magnetic gradient the magnetic gradient adjunctiveadjunctive

�� DWI DWI image signal intensity depends image signal intensity depends on the direction of on the direction of 
the magnetic gradient the magnetic gradient adjunctiveadjunctive

�� Repeated Repeated measurements measurements with different directions of with different directions of �� Repeated Repeated measurements measurements with different directions of with different directions of 
diffusion can detect the dominant direction of diffusion diffusion can detect the dominant direction of diffusion 
direction → During nerve direction → During nerve pathwayspathways forfor exampleexample



DTIDTIDTIDTI

� processing:� processing:

�� Map Map ofof fractionfraction anisotrophyanisotrophy�� Map Map ofof fractionfraction anisotrophyanisotrophy

� Directionally coded map of vectors of 

diffusion anisotropydiffusion anisotropy

�� 3D 3D FibertrackingFibertracking�� 3D 3D FibertrackingFibertracking



DTI DTI -- usageusageDTI DTI -- usageusage

Measurement of fractional anisotropy and ADC evaluation for � Measurement of fractional anisotropy and ADC evaluation for 

impairment of white matter:

� Normal white matter - the maximum diffusion along the long axis of the � Normal white matter - the maximum diffusion along the long axis of the 

nerve bundles

� Abnormal white matter - an increase of diffusivity of water molecules 

throughout the nerve tracts → reduce diffusion isotropythroughout the nerve tracts → reduce diffusion isotropy

→ DTI has the potential for earlier detection of pathology of white matter 

than conventional display

3D fibertracking - displaying of neural 

pathways eg. To assess the relationship to pathways eg. To assess the relationship to 

tumor



DTI DTI fibertrackingfibertracking: : gliomaglioma grgr. II. IIDTI DTI fibertrackingfibertracking: : gliomaglioma grgr. II. II
��Tractus corticospinalisTractus corticospinalis

��Fasciculus uncinatusFasciculus uncinatus



DTI DTI fibertrackingfibertracking: : gliomaglioma grgr. III. IIIDTI DTI fibertrackingfibertracking: : gliomaglioma grgr. III. III
��T2 TSE tra.T2 TSE tra.��T2 TSE tra.T2 TSE tra.

��DWI b0 cor.DWI b0 cor.

��RadiatioRadiatio opticaoptica��RadiatioRadiatio opticaoptica



DTI DTI fibertrackingfibertracking: : metastasismetastasisDTI DTI fibertrackingfibertracking: : metastasismetastasis

��Tractus corticospinalisTractus corticospinalis��Tractus corticospinalisTractus corticospinalis



DTI DTI fibertrackingfibertracking: spine tumor : spine tumor DTI DTI fibertrackingfibertracking: spine tumor : spine tumor 

��T2 TSE sag.T2 TSE sag.

��T2 FFE tra.T2 FFE tra. ��mapa FAmapa FA



FuctionalFuctional MRI MRI 

((fMRIfMRI))

One of the modern applications of magnetic One of the modern applications of magnetic 
resonance resonance imagingimagingresonance resonance imagingimaging

Allows direct display of functionally active Allows direct display of functionally active Allows direct display of functionally active Allows direct display of functionally active 
cortical cortical areasareas

Totally nonTotally non--invasive examination, relatively invasive examination, relatively Totally nonTotally non--invasive examination, relatively invasive examination, relatively 
easy for easy for patientspatients

What can be displayed: What can be displayed: motor functions, motor functions, 
auditory and visual centers, memory, speech auditory and visual centers, memory, speech 

and cognitive functions, emotions…and cognitive functions, emotions…and cognitive functions, emotions…and cognitive functions, emotions…



Bold efektBold efekt
BloodBlood oxygen oxygen levellevelBloodBlood oxygen oxygen levellevel

dependencydependency(BOLD):(BOLD):

The basic principle of fMRIThe basic principle of fMRIThe basic principle of fMRIThe basic principle of fMRI
The dependence of the MR signal The dependence of the MR signal 

intensity on the ratio of intensity on the ratio of 
oxyhemoglobinoxyhemoglobin / / deoxyhemoglobindeoxyhemoglobinoxyhemoglobinoxyhemoglobin / / deoxyhemoglobindeoxyhemoglobin

�� KorticalKortical activityactivity::
Transient increase in Transient increase in �� Transient increase in Transient increase in 
the concentration the concentration 
deoxyHbdeoxyHb → → 
decrease in T2 * decrease in T2 * decrease in T2 * decrease in T2 * 
signalsignal

�� vasodilation with vasodilation with 
increased blood flow increased blood flow increased blood flow increased blood flow 
→→ ↓↓ deoxyHbdeoxyHb andand
increase in T2 * increase in T2 * 
signalsignalsignalsignal



fMRIfMRI examinationexaminationfMRIfMRI examinationexamination

• Examination of the entire brain

multiply repeated• multiply repeated

a certain kind of activity (finger 

movement, speech ..) 

alternating with the rest alternating with the rest 
sections

••Statistical analysis reveals a Statistical analysis reveals a ••Statistical analysis reveals a Statistical analysis reveals a 

difference in signal intensity in difference in signal intensity in 

different areas of the brain by different areas of the brain by 

comparing blocks comparing blocks ofof stillnessstillnesscomparing blocks comparing blocks ofof stillnessstillness

and and blocksblocks ofof activitiesactivities



��IndicationIndication ofof fMRIfMRI��IndicationIndication ofof fMRIfMRI

Preoperative mapping of functional cortical Preoperative mapping of functional cortical �� Preoperative mapping of functional cortical Preoperative mapping of functional cortical 

centerscenters

Assessment of functionally important areas Assessment of functionally important areas �� Assessment of functionally important areas Assessment of functionally important areas 

related to tumorrelated to tumor

��www.fmri.orgwww.fmri.org



��FMR  FMR  
lowlow--grade grade gliomagliomalowlow--grade grade gliomaglioma

��Finger Finger ofof rightright hand hand 

movementmovement

��SekvenceSekvence

••Single shot EPISingle shot EPI

••TR 3000ms, TE 50msTR 3000ms, TE 50ms

��SekvenceSekvence

••Single shot EPISingle shot EPI

••TR 3000ms, TE 50msTR 3000ms, TE 50ms••TR 3000ms, TE 50msTR 3000ms, TE 50ms

••80 dyn. akvizic80 dyn. akvizic

••OverlayOverlay statistických statistických 

map na referenční map na referenční skensken

••TR 3000ms, TE 50msTR 3000ms, TE 50ms

••80 dyn. akvizic80 dyn. akvizic

••OverlayOverlay statistických statistických 

map na referenční map na referenční skensken

T1 T1 truetrue IRIRT1 T1 truetrue IRIR



fMRIfMRI –– visiomvisiom kortexkortexfMRIfMRI –– visiomvisiom kortexkortex



fMRIfMRI use in use in preoperativepreoperative planningplanning

�� Rule Rule ofof fMRIfMRI: : �� Rule Rule ofof fMRIfMRI: : 

�� determination of lateralization of speechdetermination of lateralization of speech�� determination of lateralization of speechdetermination of lateralization of speech

�� Preoperative view Preoperative view ofof eloquent cortical areas eloquent cortical areas 
related to tumorrelated to tumorrelated to tumorrelated to tumor

�� PeroperativPeroperativ navigationnavigation ofof stimulatingstimulating electrodselectrods



PET/MRPET/MRPET/MRPET/MR

�� Hybrid Hybrid methodmethod

Positron Positron emissionemission tomographytomography�� Positron Positron emissionemission tomographytomography

�� MagneticMagnetic resonanceresonance�� MagneticMagnetic resonanceresonance

�� 1 1 devicedevice –– MR + PET MR + PET �� 1 1 devicedevice –– MR + PET MR + PET 



PETPETPETPET

�� Tomographic methodTomographic method, three, three--dimensional mapping of dimensional mapping of 

radioactivityradioactivityradioactivityradioactivity

�� PrinciplePrinciple -- detection of photonsdetection of photons(gama (gama radiationradiation)) -- during during 

annihilation of positrons and electronsannihilation of positrons and electronsannihilation of positrons and electronsannihilation of positrons and electrons

�� PositronPositron -- radiopharmaceutical radiopharmaceutical -- short halfshort half--life life -- beta + beta + 

decaydecaydecaydecay

�� Two 511keV photons Two 511keV photons -- two registration at two registration at oneone timetime

DetectorsDetectors -- ring ring -- coincidencecoincidence connectionconnection�� DetectorsDetectors -- ring ring -- coincidencecoincidence connectionconnection

�� ActivityActivity atat individualindividual pointspoints
d
d

d
d



RadiopharmaceuticalsRadiopharmaceuticalsRadiopharmaceuticalsRadiopharmaceuticals

�� 18FDG 18FDG –– aerobic aerobic glycolysisglycolysis

18FLT 18FLT –– fluorothymidinfluorothymidin -- cell cell proliferationproliferation�� 18FLT 18FLT –– fluorothymidinfluorothymidin -- cell cell proliferationproliferation

�� Na18F Na18F –– bone bone recoveryrecovery�� Na18F Na18F –– bone bone recoveryrecovery

�� 18Fcholin 18Fcholin –– prostateprostate carcionomacarcionoma�� 18Fcholin 18Fcholin –– prostateprostate carcionomacarcionoma

�� 18Fflutemetamol 18Fflutemetamol –– brain Alzheimer brain Alzheimer disiesedisiese

�� 68Ga  DOTA68Ga  DOTA–– neuroendocrinalneuroendocrinal tumorstumors



IndicationIndicationIndicationIndication
�� Oncology Oncology (staging, control of treatment effectiveness, (staging, control of treatment effectiveness, 

monitoring after treatment)monitoring after treatment)monitoring after treatment)monitoring after treatment)

�� Inflammation Inflammation (investigation of inflammation(investigation of inflammation originorigin, , vasculitisvasculitis, , 
sarcoidosissarcoidosis, inflammation of the heart, suspected inflammatory , inflammation of the heart, suspected inflammatory 
Inflammation Inflammation (investigation of inflammation(investigation of inflammation originorigin, , vasculitisvasculitis, , 
sarcoidosissarcoidosis, inflammation of the heart, suspected inflammatory , inflammation of the heart, suspected inflammatory 
changes around implanted foreign materialschanges around implanted foreign materials

�� RheumatologyRheumatology (eg (eg polymyalgiapolymyalgia))

�� CardiologyCardiology -- myocardialmyocardial viabilityviability

EndocrinologyEndocrinology (detection of (detection of hyperfunctionalhyperfunctional parathyroid glands)parathyroid glands)�� EndocrinologyEndocrinology (detection of (detection of hyperfunctionalhyperfunctional parathyroid glands)parathyroid glands)

�� NonNon--tumorous pathology of CNS tumorous pathology of CNS (Neurodegenerative diseases)(Neurodegenerative diseases)�� NonNon--tumorous pathology of CNS tumorous pathology of CNS (Neurodegenerative diseases)(Neurodegenerative diseases)



BenefitsBenefits ofofBenefitsBenefits ofof

PETMR x PETCTPETMR x PETCT

�� No No radiationradiation loadload x CTx CT�� No No radiationradiation loadload x CTx CT

�� PETCT PETCT –– meanmean dose 5 dose 5 -- 23 23 mSvmSv, PET 3, PET 3--5 5 mSvmSv

ExcellentExcellent tissuetissue contrastcontrast MRMR�� ExcellentExcellent tissuetissue contrastcontrast MRMR

�� Possibility to combine with more advanced Possibility to combine with more advanced �� Possibility to combine with more advanced Possibility to combine with more advanced 

techniquestechniques such as such as perfusionperfusion, DWI, , DWI, 

angiographyangiography, , spectroscophyspectroscophyangiographyangiography, , spectroscophyspectroscophy

�� DisadvantageDisadvantage the length of the examinationthe length of the examination and and 

basic MRI basic MRI contraindicationscontraindicationsbasic MRI basic MRI contraindicationscontraindications



��MetastaisMetastais in liver in liver 
��lymfomalymfoma

��MetastaisMetastais in liver in liver 
CA CA ofof rectumrectum


