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PEYMATOAOTI'TKA NO2HMATA KAI KN2

NEUROINFLAMMATION
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IMAGING OF NEUROINFLAMMATION IMAGING OF VASCULITIS/VASCULOPATHY

CONVENTIONAL MRI
Low grade inflammation cannot be anventional angiggraphy 's not
detected by post Gadolinium T1 Tl,TZ, FLAIR \S/:::etiI(esgo_;%eots::;r:/i:gﬂltli_s

GRE, SWI

Post Gd T1

DWiI
NON-CONVENTIONAL MRI IMAGING OF VESSELS
USPIO-Based CE-MRI MRA (CE-MRA)
MTI SWI, USPIO-SWI
DTI, DKI, NODDI VW-MRI (black blood MRI)
PERFUSION MRI (DSC, DCE)
MYELIN WATER IMAGING CT/CTA

US

FUNCTIONAL MRI DSA




2Y2THMATIKO2 EPYOHMATQAH2 AYKO2

MpocBoAn KNZ (30-45%)

e MeyaAUTeEPN CUXVOTNTA OE VEQPEC YUVOLKEC
* JnUAVTIKA attio voonpotntog otov 2ZEA
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NEYPOWYXIATPIKOZ 2Y2THMATIKOZ EPYOHMATQAHZ AYKOZ (NWZEA)

Central NPSLE

Classifications and Prevalences of NPSLE E EGTIGKéC NLPZE/\ J

Diffuse
Cognitive impairment (up to 80.0%) ‘
Mood disorder (up to 80.0%)
Anxiety disorder (up to 40.0%) [ EGTIGKéC G)\)\O l(.bO-SIC O.Tnv MT J
Psychosis (up to 11.0%)

Acute confusion state (up to 7.0%)
Focal
Headache (up to 28.3%)

Cerebrovascular disease (up to 15.0%) [ A ldXUTOC N LPZE/\ ]

Seizure disorders (up to 20.0%)

Myelopathy (up to 3.9%)
Demyelinating syndrome (up to 2.7%) ‘
Chorea (0.9%)
Aseptic meningitis (up 1o 2,7%)
Peripheral NPSLE
Guillain—-Barré syndrome (up to 1.2%)
Autonomic disorder (up to 1.3%)

[ZuuBuTlKr’] MT cuxva opvnNTIKN) ]

Mononeuropathy (up to 6.9%) , .,
Plexopathy (...) Agv UTIAPYOUV EPYAOTNPLOKOL N
Rolyneuropeiny dip. ro.3.4%) QTTELKOVLOTLKOL BLOSELKTEC yLa TNV
Mpyasthenia gravis (0.2%) ,

Cranial neuropathy (1.0%) SLGVV(L)GH TOUV N LIJZE/\

The American College of Rheumatology nomenclature and case definitions for
neuropsychiatric lupus syndromes. Arthritis Rheum 1999;42(4):599-608.



NEYPOWYXIATPIKOZ 2Y2THMATIKOZ EPYOHMATQAHZ AYKOZ (NWZEA)

MoBoyeveTikol pnxoviopotl

Ischemic process Autoimmune process

Vasculitis/vasculopathy, aPL. AECA
thrombosis, < Autoantibodies
complement activation
aPL
anti-NMDAR
anti-Rib-P
anti-AQP4
other antibodies

v

Neuroimmune interface permeability
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AuTtoavTtiowpota cuvOEovTal Kal e TOUC SUO0 UNXAVLIOHOUG




NaBoduciodoyia Tou LoXoLpukov pnxavicpou otov NWIEA

Ayyelitida AyyelomabeLa

(6-10%) EAikwon, vaAwvomoinon
QOAeypovwdng Sinbnon ayyeiwv
Ividwéng vékpwoan

EvéoBnAlakn umepmAaoia
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otévwon/anodpaén auvAou
MOAUECTIAKEC ULKPOLOXOULULKEG
oAAoLlwoeLC BoBplwTd EpdpakTa
HeyoaAa Epudpakta
LLLKPO/LAKPOOLLLOPPAYLEG
UTTOPOXVOELSAC aLpoppayia

Avtl-evdo0nAtakad Kal aPL aviiowpata: onUoVILkog pOAOC 0TNV OTEVWON Kol OpopBwon Twv ayyeiwyv



NaBoduotoloyia tou avtodvooou/dpAsypovwdouc unxovicpov otov NWIEA
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EYPHMATA 2YMBATIKHZ MT 2TON NW2EA

-

N AeUKNC Kal palac ovoiog (5%)

Eotlakeg aAAowwoelc Asukng ovaoiag (40%)

~
[Zuppéouoeq aAAowwoelg Aeuknc ovotac (10%) }

o %
Oca N xpovia Epdpakta
Eykedalikn atpodia BoBpuwta (10-15%)
(40_60%) MEVG)\G (10%)
A , )
ATIOUEALVWTLIKO cUVOpOO (3%) Lu,OppOLVLOEC
Autodvoon eykedaitido (<1%) “EVO(AEC(OAA’)',
HULIKpoaLpoppayiec (13.5%)
\YA (5dopéc Twv puctoroyikwy) )
Quaololoyiky MT (50%)
(KALVIKOQUTTELKOVLOTLKO TtotpAd0o€o)

Ota et al, Radiographics 2022
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v'50% aoBevwv pe ZEA (vnhotepoc aplBuoc kat oykoc otov NWIEA artd tov pun-NWIEA)

v’ ouyvotepa o cuvUTIOPEN OVTLOWOPOAUTTLS LKWV AVTIOWHATWY Kat cuprAnpwpatog (C3, C4, CH50)

v'Zuoxétion pe Stdpketa vooou, Kat Selktwv pooBoArc amod tov ZEA (SLICC/ACRDI), eykedohikol ayyeLakol cuvSpopou,
OTIOOLWV KOLL VONTLKAG EKTTTWONG



Courtesy of Prof. Pia Sundgren, Lund, Sweden

Ev tw BaBel ko urmtopAolwdnc
Agukn ouola peTwTLOLWY Ko
Bpeypatikwyv AoBwv

TepLKOLALaLKN AEUKN ouola,
OTEAEXOC (omv)

NapeykedaAida (omv)



JuppEouoeC aANOLWOELS AEUKAG ouaiog

Ofeia pAeypovn




loXaULULKEC AAAOLWOELC




ALLOPPAYLIKEC AAAOLWOELC
‘ _ , EykepaAikn atpodia

e Eykedalikn atpodia oe NPSLE (uéon nAkia 42.5 €tn),
vwpltepa amo tov YeVIKO TANBuouo

*  Juoxetiletal Ye TNV EKTOON TWV AANOLWOEWV TNG AEUKNAC
oUOLaC KaL TNV OyYELOKN VOO0, TNV SLAPKELA TNG VOOOU Kol
NV napouoia aPL aviilowpdtwy




Lyme Disease HIV-encephalitis



2YMBATIKH MT
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MH 2YMBATIKH MT
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Yo ia SOMKWVY KoL OLoSuvVapLKwY HETABoAwY oto PpuotloAoyika
ATELKOVLI{OMEVO TIapPEYXUMO acBevwvy pe ZEA , pun opatwv otnv cupfatikiy MT.
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DTI IN SLE

Normal diffusivity ‘ Facilitation of diffusivity (| FA, T MD)
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. . - Vasogenic oedema o . ]
- Increase in extracellular
spaces
- Structural network
disruption

|- Reactive gliosis

Healthy controls SLE NPSLE

EAQTTWON TNC KAOOUATIKAC aviooTporiag kKot avénon tng Staxuolpotntac o
Sdladopec veuplkec odolc otouc aoBeveic pe NWIEA kot pn-NWZEA.

Silvagni E, Bortoluzzi A, Borrelli M, Bianchi A, Fainardi E, Govoni M. Cerebral Microstructure Analysis by Diffusion-Based MRI in Systemic Lupus Erythematosus:
Lessons Learned and Research Directions. Brain Sci. 2021 Dec 31;12(1):70. doi: 10.3390/brainsci12010070.




MRI PERFUSION ABNORMALITIES IN SLE

[Authors,year _ |Patients _________|MRItechnigues

Emmer et al., 2010

Wang et al., 2012

Zimny et al., 2014

Papadaki et al., 2018

Papadaki et al., 2019

Jiaetal., 2019

Zhuo et al., 2020

lesions,
19SLE  without
lesions,
19 HCs
15 active NPSLE,

26 inactive NPSLE,
11 HCs

visible

21 acute NPSLE,
18 SLE patients,
19 HCs

22 NPSLE,

13 SLE patients,
normal brain MRI,
20 HCs

with

37 primary NPSLE,
16 secondary NPSLE,
23 non-NPSLE,

31 HCs

19 non- NPSLE,
31 NPSLE, 23HCs

16 NPSLE,
19 non-NPSLE, 30 HCs

31 NPSLE,
24 non-NPSLE, 32 HCs

non-normalized CBV and CBF values in brain lesions
and normal appearing GM and WM white matter

DSC

CBV, CBF and MTT values of cortical GM, semioval
center and thalamus, normalized to the CBF values of
the WM (24mL/100mL/minute)

DSC

CBF, CBV, and MTT values of specific normal
appearing brain regions, normalized to normal
appearing frontal WM.

DSC

CBV values of 14 different brain areas normalized to
the mean values in the cerebellar cortex

MRS, DTI

DSC

CBV, CBF and MTT values of normal-appearing WM
and deep GM areas, normalized to the respective
values of the middle cerebellar peduncles.

DSC

CBV and CBF values in normal appearing prefrontal
and limbicregions normalized to the respective values
of the middle cerebellar peduncles.

3D ASL

visual assessment

quantitative analysis of CBF values

3D ASL

voxel-based analysis of whole brain, GM, WM CBF
and GM/WM CBF ratios

support vector machine

Reduced CBV and CBF within lesions, hyperperfusion in
normal appearing lesions of SLE patients, compared to
HCs

No focal or global perfusion abnormalities in NPSLE,
regardless of symptoms, medication or immunological
status.

Hyperperfusion in SLE compared to HCs, trend for
hypoperfusion in NPSLE compared to SLE, increased
variability in perfusion parameters of NPSLE,
hyperperfusion in the posterior cingulate gyrus in active
SLE.

No significant differences between SLE and NPSL, parietal
WM NAA/Cr positively correlated with cerebral cortices
rCBV values, metrics of DSC did not correlate with DTI or
MRS

Widespread hypoperfusion in primary NPSLE compared
to HCs and non-NPSLE, more pronounced in the semioval
center, discrimination between primary and secondary
NPSLE by left semioval center CBF cut-off value of 0.77.

Anxiety in NPSLE patients was significantly associated
with hypoperfusion in prefrontal regions and the right
anterior cingulate gyrus, even after controlling for
depression

Asymmetric locally reduced perfusion in all SLE patients,
more numerous in NPSLE. Frontal lobe hypoperfusion
limited to NPSLE

Local hypoperfusion in several GM areas and the corpus
callosum of NPSLE, elevated CBF in WM areas of both
NPSLE and non-NPSLE and in GM areas of non-NPSLE,
discrimination of NPSLE from non- NPSLE using CBF
values in the corpus callosum



Ann Rheum Dis. 2018 Mar;77(3):441-448. doi: 10.1136/annrheumdis-2017-212285.

Neuropsychiatric lupus or not? Cerebral
hypoperfusion by perfusion-weighted MRI in normal-
appearing white matter in primary neuropsychiatric
lupus erythematosus

Efrosini Papadaki,* Antonis Fanouriakis, Eleftherios Kavroulakis,'
Dimitra Karageorgou,' Prodromos Sidiropoulos,® George Bertsias,>”
Panagiotis Simos,*® Dimitrios T Boumpas*>"*?

(a) Yrnapxouv atpoSuvaLKECG ETABOAEC oTNV PUCLOAOYLKA ATIELKOVILOMEVN AEUK) KOL EV TW
BaBel pald ovoia aoBevwv pe ZEA?

(b) Ytapyxouv armelkoviotikol atpoduvauikoi Brodeikteg yia tnv dStayvwon tou NWIEA kat tnv
66 petaéy mpwtomabouc amno deuteportad®n NWIEA?




37 primary NPSLE patients, 16 secondary NPSLE, 23 non- NPSLE patients, 31 healthy volunteers, DSC perfusion MRI

% 5%“ ﬁ% x )

{»L; & &

cMRI was normal:
40.5% of primary NPSLE
75.0% of secondary NPSLE
65.2% of non-NPSLE
90.3% of HC

18 ROIs :
NAWM
periventricular
semioval center
subcortical
frontal
parietal
temporal
occipital

NADGM
thalami
putamen

caudate nuclei




ANOTEAEZMATA

» significantly (P<0.003) reduced
normalized CBF in patients with
primary NPSLE compared with HC
in the temporal, frontal, occipital,

periventricular and semioval

i terally

| =

LA k'

. ) , iplayed reduced
0To 73% Twv acBevwv e mpwtonadr NWIEA, RN

33% twv acBevwv pe deutepomaln NWIEA kot JESTpe
ll 27% twv acBevwv pe un-NWIEA and semioval
TIou €iyav apvntikn cupPoatikn MT.
Eed |

s rrakoe U3 1 v oW s ol
= ¥ 3 ¥ & ELFd = H 18

» primary NPSLE displayed
reduced CBF compared with
secondary NPSLE patients in
semioval center NAWM

— _ bilaterally
Reduced perfusion in semioval center NAWM

correlated with increased disease activity in SLE




AMOTEAEZMATA (ROC Analyses)

--

Average NAWM CBF

Left SOC CBF

Right SOC CBF

Healthy vs. Primary
NPSLE

Non-NPSLE vs.
Primary NPSLE

Primary vs. Secondary
NPSLE

Healthy vs. primary
NPSLE

Non-NPSLE vs.
Primary NPSLE

Primary vs.
Secondary NPSLE

Healthy vs. primary
NPSLE

Non-NPSLE vs.
Primary NPSLE

Primary vs. Secondary
NPSLE

0.836 (.0001)

0.735 (.002)

0.785 (.001)

0.854 (.0001)

0.803 (.0001)

0.813 (.0001)

0.840 (.0001)

0.812 (.0001)

0.796 (.001)

Sensitivity for 80%
Specificity
(cut-off value)
73%

(1.01)

550
(0.88)

65%
(0.95)

68%
(0.75)
65%
(0.65)
65%
(0.68)

70%
(0.68)

65%
(0.64)
67%
(0.65)

Specificity for 80%
Sensitivity
(cut-off value)
65%

(1.12)

58%
(1.11)

63%
(1.12)

78%
(0.77)

67%
(0.77)

69%
(0.77)

61%
(0.79)

63%
(0.80)
38%
(0.80)

AUC: Area Under the Curve and associated p value. SOC: Semioval Center, NAWM: Normal Appearing White Matter.
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Regional cerebral perfusion correlates with anxiety in
neuropsychiatric SLE: evidence for a mechanism distinct
from depression

E Papadaki'“ @, E Kavroulakis'., G Bertsias™* @, A Funmuriakis"‘ﬁ_ D Karageorgou'. P Sidiropoulos’.
E Papastefanakis®, DT Boumpas™™ ™" and P Simos™®

» YmdapxelL cuoxetion Tou Babuol katdBALPng Kol Ayxoug UE TNV QLUATWON EVTOC TWV ETOLYULOKWV
(immokapnoc, TPoobLo TUAMA TNES EALKOC TOU ITPOCAYWYLOU) KAl LETWTTILOLO-PABSWTWV TTEPLOXWV
(mpopetwraia-kepkodopog, pakoeldng) o aobeveic pe ZEA?

31 NPSLE patients, 19 non- NPSLE patients, 23 healthy volunteers

Self-reported symptoms of anxiety and depression were recorded using the Greek
version of the hospital anxiety and depression scale (HADS)

Non-NPSLE NPRLE

paricins PUEORES

(n=1%] fn=31 Pualue | 3> > 50% aoBevwv pe pn —NWIEA aveédepav KAWVIKA ONUAVTLKO AyXOC KoL
HADS anxiety. mean (S TG (2.8) 4.0 (4.1} =001 , , ,
HADS depression, mean (SD) 6.9 (4.4) 111 (4.1 0001 » > 30% KAWLKA onpovtikh KataOAwn.
HADS anxieiy =5 points 10 (32.6%) 23 (B0 6% ) (103

HADS depression =8 points G 365 L6 [(51.6%) 6.2



12 ROIs :

dorsolateral prefrontal (dIPFC; (BA) 8/9/46)
ventromedial prefrontal (vmPFC; BA 10)
anterior cingulate cortex (ACC; BA 24/32),
hippocampi,

caudate nuclei (Cd.n)

putamen (Pt)

KOWWVLKO

RESULTS

HETAEL AyXoUuG Kol EYKEPAALKAG
OLLLOTLKAC PONG OE LETWTTLALO-
PaBOWTEC EPLOXEC LoOeVWVY pLE
NWIEA, akOpa KoL LETA TOV EAEYXO
ylo TNV nALKLOL Kol TNV KatabAupn.

Partial correlation coefficients between regional CBF
and psychoemotional measures in the NPSLE group

FANS puxiet )

FLADS depresvion

Adge & HADS

Age & HADS

OL ouvalcOnuatikec SuokoAieg Twv aoBevwv pe NWIEA
odeiAovTtal TOUAAXLOTOV LEPLKWE OTLC LLUOSUVOMLKEC METABOAEC
TWV OXETIKWV EYKEPAALKWYV TTEPLOXWV, TP 0TO Y UXOAOYLKO Kail
urtoBaBpo pag cofapng xpPoviag vooou.

EMLEDON CUOXETLON TWV TLUWV
EYKEPAALKNG PONC LETWTTLALO-
paBdwtwy meploxwyv Kat KatabAupng
HEOW AUENUEVOU AYXOUG

,,‘\-“

3 g1, 4

Confoundery Age e s Age ey

dIPFC (L) —fL.561 — (), dGH® —.340 152

dIPIC (1) —.532 —0.526 —.226 1,263

vinPI'C (L) —i1.552 —0, 508* —0.3006 0167

vinPFC (R} =617 ). 568 ={).35() n.2nz

= i ' 291 (.30
45L=
253
a7

=11
=01

nx4
0122

orrehilions sign ire snown i bold.

*P=001

L34, p=ti -
dIPFC CBF - Depression
I‘r"'a A2, p= S
.Lr
Anxiety




RESTING STATE FUNCTIONAL MRI IN SLE

Attenuated regional activity in the posterior lobes of cerebellum, the vermis, left inferior frontal gyrus, left

precuneus, right limbic lobe, and cingulate gyrus of the DMN network in patients with SLE.
LinY, et al. HumBrainMappb2011;32:1847-55

Abnormalities of frontal-parietal resting-state functional connectivity are related to disease activity in
patients with Systemic Lupus Erythematosus.

Hou J, et al. PLoS ONE 2013; 8(9).

Increased regional homogeneity (ReHo) activation was found in the parahippocampal gyrus and uncus and
decreased activation in the fusiform gyrus and left thalamus in non-NPSLE

Liu S, Cheng Y, Xie Z, et al. A Conscious Resting State fMRI Study in SLE Patients Without Major Neuropsychiatric Manifestations. Front Psychiatry. 2018;9::1-9

Hypoconnectivity with the default mode network (DMN) and central executive network (CEN) and
hyperconnectivity mainly between and within sensory motor network (SMN) in SLE, significantly correlated
with cognitive performance, especially with memory and psychomotor speed

Nystedt J, Mannfolk P, Jonsen A, et al. Brain Connect. 2018;8(4):220-234.
Nystedt J, Mannfolk P, Jonsen A, Sundgren PC, Strandberg TO, Nilsson P.J Comp Neurol. 2019;:1-20.

Positive correlation between the FC of the right putamen and vermis 6 with Mini-Mental State Examination
score

Cao Z-Y, Wang N, Jia J-T, et al. Brain Imaging Behav. 2021;15(1):14-24.
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Article *  [Preprocessing
- - ] - - o - *  Denoising
Quantitative Identification of Functional Connectivity Tt Pt s

RO-REN
Cormecthvity

Disturbances in Neuropsychiatric Lupus Based on
Resting-State fMRI: A Robust Machine
Learning Approach individually Reduend

Conmwctivity Graph

$

Nicholas John Simos 2?07, Stavros L. Blmltnadis 345600, Eleftherios Kavroulakis 7,
Georgios C. Manikis "/ Gmrge Bertsias *?, Panagiotis Simos ''%* Thomas G. Maris '
and Efrosini Fap;n:lakl L @

Avayvwplon Brodelktwyv cuvdeoipotntac (connectomic
biomarkers) yia tnv dtdyvwon tou NWIEA pe xprion Al
(LEBOOOC pNXavLKN S naBnong) o bedopeva AELTOUPYLKAC
MT npepiag (resting state functional MRI)

Mode Degree
Local Efficiency
Glotal Efffciency
Betwreenness Centrality
Eigpervector Centrality

44 NPSLE patients and 39 age-matched healthy controls

Select most significant 12 features associated
with the best-performing classification model
for differentiating NPSLE from healthy controls




12 most significant features associated with the best-performing 11 regions in the AAL map provided the graph metrics in the best-

classification model differentiating NPSLE patients from healthy performing classification model discriminating between NPSLE
controls (HC). patients and healthy controls
. %, v 2 Coordinates " Fagion Code in
Metuic in MNL Spics ﬁf ) Heani-5 pliers AAL Map
NPSLE <« HC
8 =J5496 M T1 -12.11 Inferior trontal gyrus, pars orbitalis L M Bind L
BC 25458 =151 =20.47 Paruhippocmpal gyrus B PHG.E
EC B - L I Bl Superior fromtal gynes, mwdsal 1. SFGmed. L
EC ~39861514 -2018 Tensporal pole L TPOsup.L
MPSLE = H(C
NG -4 14 ~A052 3559 Angular s L ANGL
LE - " L [0
BC —d. (4 354 1355 Artenor angulsbe gyrus 1. AOC.L
B 1207 Y42 Caudate muacheus R CALR
B =434 =582 4674 Invferior paretal lobale * L IPFLL
EC foi R T Middle frontel gymus, orbila! port R ORBmud R
LE 4137 <421 5208 Precental gymes K Pral iz K
B 2%45 5056 5854 Superior parietal gyrus L sL

Abbzeviations: EC: eigenvector centrality, BO betweeaness centrality, LE: bocal cfhaency, NI node degree; LR:
'|r~|'h'ri:_f;hl. . I-"urllu'hnf_. SUpTAMA rE'in.'ll and angilar E:.rri

The best-fitting model utilizing nodal graph metrics for 11 brain
regions was associated with 73.5% accuracy, 74.5% sensitivity and 73%
specificity in discriminating NPSLE from healthy individuals




TIME SHIFT ANALYSIS

H XpOVLKA LETATOTILON TWV SLAKUUAVOEWY TOU OHUATOC XOUNARG ouxvotntag o KABe voxel oe oUykpLon HE TNV
OUVOALKI LEDN XPOVLKI TIOPELD TOU OAUATOC oTnV Asttoupytkr) MT npeuiag (resting-state functional MRI)

Global Mean Signal Time Course

Pre-processing ri " ’ n m .
/ time .

Signal Time Course in Each Voxel

Motion Correction

5|ICE—TIl:nIﬂF Correction 4 1 Compute the shift that gives
Normalization ¢ the best positive fit between
Smoothing ! the two time courses
Removing Linear Trends \r

Band-Pass-Filtering

rs-fMRI temporal delay map

OL TOTIKEC aLLOSUVAULKEC HeTOBOAEC ekppalovTal O QUTEC TIG SLOKUMAVOELS OOV EVTOTILOUEV XPOVLIKA
kaBuotépnon (hemodynamic lag= hypoperfusion) 1 xpoviko «képdoc» (hemodynamic lead= hyperperfusion)
o€ oUYKpLON KE TNV QLUATIKA pon oTLg peiloveg eykedaAlkéC PAEBEC.
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YTtdpXouv olLLOOUVOLULKEC KOl AELTOUPYLKEC LETAPOAEC OTLC EYKEDAALKEC TIEPLOXEC
TIOU cUoXETI{oVTOL UE TO AyXOoC Kal TNV KataBAupn otoug acBeveic pe NWIEA?

32 patients with NPSLE and 18 healthy controls

HADS Anxiety score= 12.9 (4.6) Time shift analysis (Calculation of whole-brain TSA maps)
HADS Depression score=10.3 (5.6)

HADS Anxiety >8 points= 21 (65.6%) Voxel-wise functional connectivity (intrinsic connectivity
HADS Depression =8 points =17 (53.1%) contrast (ICC) maps)




Whole-brain TSA maps in NPSLE with high and low anxiety
High Anxiety Low Anxiety

Hemodynamic lead: Hemodynamic lag:
High Anxiety > Low Anxiety High Anxiety > Low Anxiety

3.

LY

A -

-

C D

NPSLE with high anxiety compared with those with low anxiety
greater hemodynamic lead in the subgenual portion of the left ACC
greater hemodynamic lag in bilateral dLPFC and in the right ACC




Whole-brain ICC maps in NPSLE with high and low anxiety

High Anxiety Low Anxiety

Cc

NPSLE with high anxiety compared with those with low anxiety
reduced ICC in the right amygdala and left dIPFC




Whole-brain TSA maps in NPSLE with depression and non-depression
Depressed Non-Depressed

Hemodynamic lead: Hemodynamic lag:
Depressed > nonDepressed Depressed > nonDepressed
1 2 4

A F e e D

NPSLE with depression compared with non-depressed
greater hemodynamic lead: left lateral orbitofrontal cortex, right medial frontal gyrus, right
lateral orbitofrontal cortex and left medial frontal gyrus

greater hemodynamic lag: in left ACC and right precuneus




Whole-brain ICC maps in NPSLE with depression and non-depression
Depressed Non-Depressed

Me tnv Asttoupyik] MT gA€yxovtol OLOSUVAMLKES KoL AELTOUPYLKES
METOPBOAEC OTLC LETOULYMLOKEC KOL TIPOUETWITLOLEG TLEPLOXEC TWV aoBevwV pE

NWIEA kot cofapn ayxwdn Kot KATaBALTTIK) CUUNTwUAToAoyia
1-\. .-'r '!.J-”. e e —— ']

3

NPSLE with depression compared with non-depressed
Lower ICC in the right lateral orbitofrontal cortex, right medial orbitofrontal cortex , left medial frontal gyrus,
right medial frontal gyrus and right angular gyrus
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Yriapyxel ouleuén (coupling) N OxtL (uncoupling) petaéy AsttoupyLknC CUVOEGLUOTNTOC KOl OLLLOSUVOLLKWV
netafoAwv otouc acBeveic pe ZEA?

44 NPSLE patients, 20 non-NPSLE patients and 35 healthy controls

Time shift analysis (Calculation of whole-brain TSA maps)

Connectivity-hemodynamic coupling maps

Voxel-wise functional connectivity (intrinsic connectivity Coupling: voxels with high global connectivity and hemodynamic
contrast (ICC) maps) lead (hyperperfusion)

Uncoupling : increased global connectivity and hemodynamic lag
(hypoperfusion)



Whole brain TSA maps

NPSLE vs HC : hemodynamic lag: supplementary motor area, precuneus, and middle cingulate cortex, right supramarginal gyrus, superior parietal lobule, insula
NPSLE vs HC: hemodynamic lead: lateral occipital cortices, left posterior middle temporal gyrus, left medial orbitofrontal cortex.

Non-NPSLE vs HC: hemodynamic lag: bilateral precuneus, paracentral lobule, supplementary motor area, primary somatosensory cortex

Non-NPSLE vs HC: hemodynamic lead: bilateral medial orbitofrontal cortex



Independent Samples t-test
nn-NPSLE> MPSLE>
NPSLE non-NPSLE
4 ¢ 4 6

One-sample t-test

[ —
5 Fi

NPSLE : hyperconnectivity : the posterior portion of the DMN (precuneus, SPL, bilaterally, and the left angular gyrus).
NPSLE : reduced intrinsic connectivity: anterior DMN (ventromedial and superior prefrontal cortex and the temporal poles)

Non-NPSLE : hyperconnectivity: posterior DMN regions
Non-NPSLE : reduced intrinsic connectivity : temporal poles



Connectivity-hemodynamic coupling

ead + High ICC

» AVTLOTOOULOTIKEC AELITOUPYLKEC METAPOAEC CUVOECIHOTNTOC WC OLVTATTOKPLGN
oTI atpoduvaptkeg BAaBeg, blaitepa oe meploxeg tou DMN, og aocBeveig pe
2EA, pe N xwpic veupoPuXoAoyLKEC EKONAWOELC.
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NPSLE: increased connectivity coupled with hemodynamic lead: cuneus (bilaterally), right middle occipital, right posterior
middle temporal gyrus, right angular gyrus, and right precentral gyrus

NPSLE: increased connectivity coupled with hemodynamic lag: precuneus and adjacent SPL bilaterally.

non-NPSLE : increased connectivity coupled with hemodynamic lead: pericalcarine cortex

non-NPSLE: increased connectivity coupled with hemodynamic lag: precuneus bilaterally



Associations of neuropsychological test scores with hemodynamic and connectivity indices in
NPSLE

Higher lag values in the right middle cingulate cortex correlated with
worse performance in neuropsychological test scores.

Relative hyperconnectivity of posterior and anterior DMIN components
correlated positively with immediate verbal memory scores.

Preserved (or even increased) hemodynamic-connectivity coupling in
posterior components of the DMN appears to be beneficial for diverse
cognitive functions (immediate verbal memory and visuomotor

coordination).
Hemodynamic-connectivity uncoupling in posterior DMN regions

» H AsLtoupyLKn OVTLOTOOULOTLKA TIPOCOPUOYN TOU eyKEPAAOU eMLdpa

BeTIKA OTNV AEKTLKA UVALN KOL TOV OTTTLKOKLVITLKO GUVTOVIOMO TWV
ao0svwv cupuBaAAlovtac oTnV SLATAPENON TWV VONTIKWY AELTOUPYELWV TOUC.




PEYMATOEIAH2 APOPITIAA

[MTPO2BOAH TOY KN2

AN\ altia tayuvong Lnviyywv

XPOVLEC KOKKLWUOTWOELS AOLUWEELC
(TB, atuma pukoPaktnpidla, HUKNTEC)
JUPLAN, veupooapkosidwon,
ACA-associated vasculitis,
Granulomatosis with polyangitis
Immunoglobulin (Ig)G4-related disease
Neppwpa

MnNVLIYYLKEC LETAOTACELC

Behget’s disease, Sjogren’s syndrome,
Whipple’s disease

Kpotadikn aptnptitda,

EvSokpavia umotaon, blonadng axuunviyyitda |

» Pevpoatoeldnc ayyetitida
» Pevpatoetdn olibla

MT : armOKAELOUOC AAAWV ALTLWY,

TIAYuvon Kol mpocAnyn Twv pnviyywv

Auénuévo onua otn FLAIR , DWI.

oidnua, dtataon KolAlwyv, tPocAnyPn omtikou velpou



AIATAPAXEZ 2YNAEZIMOTHTA2 2THN PEYMATOEIAH APOPITIAA

Resting state fMRI
T SR oA IPL D rere » higher levels of peripheral inflammation

@ are associated with more positive
connections between the inferior
parietal lobule (IPL), medial prefrontal
cortex, and multiple brain networks

(DMN, DAN, VN, SLN), as well as
reduced IPL grey matter.

r=0.522 r=10.570 r=0.553
B | jp=0.049 FDR " B0} peoooiFDA 7= 0.001 FOR

£ {mmih)
E

2

k=]

02 00 02 04 06

DAM - IPL Conn
i ! » these patterns of connectivity
predicted fatigue, pain and
cognitive dysfunction
r =588 r o= 0553
&0 B l:}IJ'D:El:BIFtl S0 p:ﬂ.ﬂﬂgFElFl.
.- E 40 E 4n
3 fi : §
o= '.*[-‘ . 0 e o Schrepf A, Kaplan CM, Ichesco E, Larkin T, Harte SE, Harris RE, Murray AD, Waiter GD, Clauw

-2 4o 02 o4 1 81 83 05 -2 0o 02 D4 DJ, Basu N. A multi-modal MRI study of the central response to inflammation in rheumatoid
MVH - 1PL Conk e AN -ERC R arthritis. Nat Commun. 2018 Jun 8;9(1):2243. doi: 10.1038/s41467-018-04648-0.



[NMPOTOMNMAGE2 2YNAPOMO SJOGREN

» Avutodavooo PpAeypovwdeg voonpa, ayyelonadelo/ayyelitido LKpwy ayyeiwy
» AuOnon oleloyovwy kot Sakpuikwv adévwy amo povomnupnva Aspdokittapa
(80% &npootopia, EnpodOalpuia (Sicca syndrome), Stoykwon)

secondary

Systemic lupus erythematosus

> Avtutupnvikd avtiowpato (Ro/SSA and La/SSB) scleroderma

»  JUMMUETOXN apBpwoewv, LUWV , VEDPWVY , SEPUATOG rheumatoid arthritis
» Etepoyeveic veupoAoyIKEC ekONAWOELC: Ttepimou 20% Graves disease
(mepLdepikeg, autovopeg kat evdokpavieg veupomabeleg (V, VI, VIII, 11, 1V, V), Hashimoto thyroiditis

nipoofBoAr KNZ (opota pe KM, NMOSD, aonmtn pnviyyitda, ataéia, xopeia, avola, NW ekbnAwoelg)

» EoTlaKEC, pn eOKES, avEnpévou onpatog os T2 BAAPEC otnv tepLkotAlakr) Kat urtopAolwdn Asukr) ovaoia (40%), mou pmopel va
npooAappavouv (cuoxEtion e TNV SLapkeLa tng vooou), AA amo ZKIM (Baoikd yayyAla, oxL oto pecoAofLo, central vein sign)
» Noyvunviyyitda, vmoduoitda




ATPOOIA KAl MIKPOAOMIKEZ AIATAPAXEZ >TO 2YNAPOMO SJOGREN

Decreased gray
matter volume
in the cortex,
deep gray
matter, and
cerebellum.
Associated loss
of white
matter volume
in areas
corresponding
to gray matter
atrophy and in
the corpus
callosum

Tzarouchi LC, Tsifetaki N, Konitsiotis S, Zikou A, Astrakas L, Drosos A, Argyropoulou
MI. CNS involvement in primary Sjogren Syndrome: assessment of gray and white

matter changes with MRI and voxel-based morphometry. AJR Am J Roentgenol. 2011

Diffusion Tensor Imaging

» Decreased fractional anisotropy in the corticospinal
tract, superior longitudinal fasciculus, anterior
thalamic radiation, inferior fronto-occipital fasciculus,
uncinate fasciculus, and inferior longitudinal
fasciculus.

» Increased mean diffusivity in most of the fiber tracts
of the brain.

Tzarouchi LC, Zikou AK, Tsifetaki N, Astrakas LG, Konitsiotis S, Voulgari P, Drosos A,
Argyropoulou MI. White matter water diffusion changes in primary Sjogren syndrome. AJNR
Am J Neuroradiol. 2014 Apr;35(4):680-5.



AIATAPAXEZ 3YNAEZIMOTHTA2 2TO MNMPOTOMNAGE2 2YNAPOMO SJIOGREN

Resting state fMRI

Xing W, Shi W, Leng Y, et al. Resting-state fMRI in primary Sjogren syndrome. Acta Radiologica. 2018;59(9):1091-1096.

> increased ReHo values in

the right cerebrum,
left limbic lobe, right
middle temporal gyrus,
and the inferior parietal
lobe.

Decreased ReHo values
in the right lingual gyrus,
left cuneiform lobe, left
superior occipital gyrus,
bilateral middle occipital
gyrus, and the
frontoparietal junction
area




SJOGREN SYNDROME: INMPO2 BOAH 2 IEAOT ONON AAENON

ATIELKOVLOTIKA EUppaTo e€apTwvTal oo To oTadlo TG vOoou double-echo steady state with water
(BaBuocg kataotpodnc tou adeva) excitation sequence (DESS-WE)
Axial T2WI ' A 4

stage 0: Staxutn Stdykwon
HE GUOCLOAOYLKO TIAPEYXU DL
stage |-l :

MoAAOTIAEC KUOTELG

(< 1 mm — HaKpOKUOTELG)
Jupnayeic BAaBeg,

MELKTEG OUUTAYELG-KUOTIKEG BAAPBEC

stage V: atpodia adevwv

MT MIMOPEI NA EINAI
DYZIONOTIKH ZTA APXIKA
2TAAIA

Advanced MR sequences
(DESS-WE) aviyvevuouv ta
npwipa evupnuata o SjS.

stage Il



SJOGREN SYNDROME: T1PO2BOAH 2 IEAOL ONQN AAENQN

salt and-pepper
appearance

Atayutn Autwdng
EKQUALON mapwTtidwv

Atpopia vrtoyvadiwv




Staging with imaging findings of Sjogren
syndrome

Conventional sialographic staging'*

Stage 0: normal, no contrast material collec-
tion (no evidence of 5j5)

Stage I: punctate, contrast material collection
1 mm in diameter or smaller

Stage II: globular, contrast material collection
1 to 2 mm in diameter

Stage lil; cavitary, contrast material collection
Z2 mm in diameter or larger

Stage IV: destructive, complete destruction of
the gland parenchyma

18, 1%

MR sialographic staging

Stage 0: normal, homogeneous parenchymal
signal intensity (no evidence of §j5)

Stage |: punctate, high-signal-intensity area
1 mm in diameter or smaller

Stage II: globular, high-signal-intensity area
1to 2 mm in diameter

Stage lll; cavitary, high-signal-intensity area
2 mm in diameter or larger

Stage IV: destructive, complete destruction of
the gland parenchyma

2laloypadia:
dUGCLOAOYLKOC KUPLOG TTOPOG
gotiec oklaypadnong dtaxuta otov adeva

Kataotpo@n Tou mEPLPEPLKOU CUOTAUNTOC TWV EKQOPNTIKWV TTOPWV



SJOGREN SYNDROME: INMPO2BOAH 2IEAOI ONQN AAENQN

YTNOAOIIZTIKH TOMOI PA®IA

YTNEPHXOTOMOI'PA®IA

Parotid imaging reporting and data system (PIRADS)




Aeudwpa o€ Sjogren syndrome

To ocuvépopo Sjogren syndrome gival TpodLabeoIKOC mMapAyovTag yLo TNV avArTuén AP wpATOC
Mucoid-associated lymphoid tissue (MALT) Aéudwpoa eivat o cuxvOTEPOC LOTOAOYLKOC TUTIOC

T1-w Post contrast fat-suppressed T1-w Postcontrast T1-w OlwbeLs eoTiakes N

{ ]

¥y > P 3 {0 Sayuta inBntikec BAaBe
/ Hhe W - M ‘ ) Seh B XuTa S1nBNTIKEC BAGBES

¥ w ' \R Y o LRl AS: evbomapwTidikotl
¢ T AR NS R ovTISpooTikol Aepdadévec

e

TIEPLOPLOUOC SLaxuonc
(uPnAn kuttapoBpibela)

A

; -
\

EvoomapwTlOLKE,
TLOAAQTTAEC, OTLKTEC
aAAolwoelc upnAou
ONUOTOC Elval EVOELKTLKEC
uTtooTpwWHaTOC SjS.




Noooc A(SauavuacS -Behcet

Xpovlia, cuoTNUATLKY, UTtoTpoTLalouca, autodvoon ayyelitda
‘EAKN OTOMATOC, YEVVNTIKWY Opyavwy , payoelditida
2"-3" ekaetia, «6pOUOC TOU peTaéloU»

Neuro-Behcet's (5-10%, apxikn ekSAAwon oto 3%)
1. Mapeyyvpatikn mtpooBoAn (70-80%)
Aleykeparopeoeykedalikr) cupBoAn (46%)
NwTtiaonpopnkiki cupBoAn (40%),

Baowka yayyAla, Balapot, eykedaAikad nuodaipla
Auénuévou onuoatog PAAPBEC, UIKPOALUOPPAYLKA OTOLXELD,
OYYELOYEVEC oldnua, pooAndn

66 ZKIM (34% mepldpAePLoikn katavopn +central vein sign )

In MR Spectroscopy, normal appearing
areas on conventional MRI showed a

2. EEwmnapeyyupatiki
2.1 Aonmtn pnviyyitida
2.2 Ayyelokn

DOAeBikr BpouBwon

(ouv. Avw oBehtaiog,
kaAUTEPN TPOYVWan)
Aptnplokn anoppagn,
QvEUPUOHQ,
AltoxwpLopog BaotkAg aprt.

significantly reduced N-acetyl
ﬂ' aspartate/ Creatine (NAA/Cr ratio),
3 mdicating axonal Ioss (Park et al., 2014).




Granulomatosis with Polyangiitis (GPA)

NEKPWTLKN KOKKLWHATWENG ayYELITLOA TWV UKPWV KAl Lecaiou peyEBouc ayyeiwv

UTTEPTTOPAYWYN AVTIKUTTAPOTIAQCHATIKWY aUToavVTIoWUATWY (ANCAS)
Inv vooog (0.4 and 11.9 cases per 1 million person-years)

Kedbalr —tpdaxnioc (90%, 73% apXLkO CUUTTWHUQ)
(uOTN, pHATLO, AUTLA, OTOMA)
MpooBoAn KN (7-11%)

(ApEeon €MEKTAON KOKKLWUATWY, AYYELTION, KOKKLWUATO TTAPEYXUHATOC)

JUUTTTWHOTA :

»  Kokklwpatwdng

(vooog kedaAng-tpaxnAou,mveUOVWY, oTitloBoBoABLKEC
paleg, mayuvpnviyyitida, urntopuoitida)

» ATOTOKA TNG ayyeltidog

Sclerits Meningitis
E;f;‘;g:@ R A (omelpapatovedpitida, evbokuPeASIKNA atpoppayia,
Dauryocystis /. e okAnpitida, BAaBec KN )
Rhendis ! sinusitis " Westibular ! auditory nerve injury
Septal parforation Subgtt !
"&-__-dm nuaﬂ‘ 1l C 3henOsis ¥ : C =
Qral 3nd nasal ulcers Erdobianchial sienosls Differential Diagnosis of GPA

WMyccarditis Cough Canse Differencial Diagnoses
Paricarditis mmt!""i_ls Infectious discases Tuberculosiy, syphilis, cryptococcal infection, Lyme disease, progressive multifocal
=ndocarite Cha:l ey leukoencephalopathy, viral infections, fungal meningits, FIV;, cytomegalovirus,
Glomerulonephrifis Dyspres intections-orbital cellulitis, recurrent suppurative dacrvoadenits, leprasy, rhino-
ANCA scleroma, actinomycosis, blastomyeosis, salivary glind obsoess, uemm'.z:?ng bacteria
prneumonia; pulmonary-shscess, septic pulmonary embolism, acute otitis media,
us"ig “ﬁ:ﬂ“&%‘tﬁm bacterial coalescent mastoiditis, Ramsay Hunt syndrome

fyalgias
Arhitis / arlhralgias Skin
| eucocyincizatic vasculita
Subeistaneaus nodules Chemical use
Ulcars Oither conditions
Gargrans
Periphsral nauropaity

Autvimmune diseases.  Immunoglobulin G4-related disease, multiple sclerosis, Behget disease, neuromyelins

optica, Cogan syndrome, Sjogren syndrome, relapsing polvchondritis, autoimmune
perizorons

Meoplastic conditions:  Lymphoma, meningioma, asmrocvioma, craniopharygioma, glioma, safivary gland neo-

plasm, Langerhan cell histocytosis, cavitary lung metastases, bronchivalveolar cell
carcinoma, infiltrative renal masses, breast carcindgmi

Cocmine-, tale=, or beryllinm-induced condition

Sarcaidosis, leukodystrophies, thyroid orbitopathy, Bell palsy, foreign body aspiration,
postintubation trauma, paralysis of vocal cords, smyloidosis, laryngesal papillomato-
a5, hypersensitvity pneumonitiz, glomerulonephritis, granulomarous mastites




Granulomatosis with Polyangiitis (GPA): MPOXBOAH TOY KN2

Mayvunviyyitda (0.6-0.8% ), Aemtopunviyyitida

— Noaxuopévn HAvLyya oto
| - omnicOio Spémnavo | To
oknvidlo
LE KEVTPLKN lvwon
(eAatTwpEVO onpa) Kot
nepldepkn mpocAnyn
(evepyog dAeyuovn)

Awayutn, AOXETN s vooo Twv MNPK | koyxwv H eotlakn enéektaon Eiffel—y—night sign
Ayyelitida pkpwv ayyeiwv (4%) Kokklwpora Yrioduoitida(<1%)




MpooBoAn KOYXWV (45%, mpwto cUUITWUA 16%, eTepoTAcupn (86%)

MNpwTtomaBng

MpooBoAn kpaviakwv culuylwy (2-10%)

Yuv. OmTiko veupo

AuiBnon peow pvog-MPK

MpoaoPoAn omTikoL VEDPOU :
QYYENTION , AUEDT PAEYUOVN)
€AUTPOL, CLUTiEDN OTIO
KOKKIWHOTWOEIC HAleC




MpooBoAn pwoc, MNPK (64%—80% kot 29%—36% O€ YEVIKEUUEVN 1} ECTLAKI VOOO)

4 xpovLa PLETA

| . .11“.”‘

il

saddle-nose deformity (10-15%

CT : olwbng maxuvon BAevvoyovou (87%), ootk kataotpodn (59%)
O0Te0oKANPUVON, VEO-OOTEOYEVEDN, ATIOTITAVWOELG

(

large single sinus cavity

LEG0 0UC 50%) MpooPoAn oleAoyovwv

MpooBoAn AtBoelbolg

Ita apxlka otadila Sev eival Suvatn
n Stadopomnoinon petaL
dAeypovng Tou BAevvoyovou Kat
KOKKLWHATWSOoUG LoToU. 3€
HETEMELTA 0TASLA TA KOKKLWUOTOL
avayvwpilovtal cav PAAPEG
EAATTWHEVOU OrHaTOG 0TV MT.

Qropaoctoslditida (andppatn
guoTaylavv), OOTLKN Kataotpodn




IMMUNOGLOBULIN G4-RELATED DISEASE

Autodvoon, npdodato avayvwploBeioa, LECHALKEC AVEPEC HPOOBOMITOU KN2:
NoAuvopyavikr (60-90%) > Koyxukn (1}'34%)
(typel autoimmune pancreatitis, salivary and lacrimal gland involvement, » Mnviyyikn (3%)
sclerosing cholangitis, tubulo-interstitial nephritis, lymph node > YT[O(I)UOLOLKI"]

enlargement, and retroperitoneal fibrosis)

Conditions once regarded as individual

, , , disorders but now recognized as

AnBnon amo IgG4+ mAaoHaTOKUTTOP immunoglobulin G4-related disease in the head
Aloykwon mpooBeBAnUEVWY opyAvwyY and neck

AuEnon 1gG4 otov opo (eAattwvetal e TNV Beparmeia) , N
Hypertrophic pachymeningitis
Comprehensive diagnostic criteria for Pituitary hypophysitis

immunoglobulin G4-related disease , !
y Orbital inflammatory pseudotumor

1. Clinical examination showing characteristic

diffuseflocalized swelling or masses in MPOZOXH: AA artd )\éud)wua RAtr tunor

organs , Mikulicz disease
Z. [HE:;;EdgrdEfmm lgG4  concentrations (GUV LOTO)\OVLKI’]) Riedel's thyroiditis
- m

3. Histopathological findings including marked (BLOLIJ'LG XSI]\LK(bV r']

lymphoplasmacytic infiltrate with fibrosis, ! !
and infiltrate of IgGd-positive plasma cells UT[OVV(IGL(L)V G.GEV(L)V)

with ratio of lgG4+/IgG+ cells greater than

ALOykwon apudoTEpwy TwV HEOVWV Kol EA0CCOVWV

40% and greater than 10 IgG4-positive GLE}\OVOV(‘UV adEVWY ) ) _ .
plasma cells/high power field Kuttner tumor or chronic sclerosing sialadenitis
Definite; fulfill all (1), (2), and (3) criteria. (6L0ykwon povo twv unoyvabiwv adévwv)

Probable: fulfill (1) and (3).
Possible; fulfill (1) and (2).

Mikulicz disease -

Sdakpuoadevitidba
Aldykwon Twv Sakpuikwy, mopwtidwy Kot umtoyvabiwv adévwy




IMMUNOGLOBULIN G4-RELATED DISEASE: KOT'XIKH NMPO2BOAH

4-34% aoBsvwyv, 88% apdw
(Iacrimal gland (62—-88%), orbital fat (29—-40%), extraocular muscles (19-25%), optic nerve (10.5%) and branches of trigeminal nerves (10—-40%)

AIAOOPIKH AIATNQZH

Yapkoeibwon

N. Graves

(Ig4: ouv mpooPolAn £€w opBou),

NepdwHa

|OIS (idiopathic orbital inflammatory syndrome)
(Ig4, mpooBoAn yaotépag).

MNaBoyvwpovikn mpooBoAnl Tou KATW KOYXLKOU
velpou

MT : lon  eEAaTTwWHEVN €vTaon ofuatog os T2
(lvwon, kuttapoPpiBeia)

‘ Infraorbital nerve &




IMMUNOGLOBULIN G4-RELATED DISEASE: NMPO2BOAH 2IEAOTONQN AAENQN

Awaxutn moAvadevikn vooog
.= - FDG PET-CT : useful

for evaluating

systemic involvement

i s T

~ A= _rf' b

evaluating response
to corticosteroid
treatment

targeting specific
sites for biopsy

DW!I = mild ADC reduction

(depending on tissue cellularity and fibrosis)




2YMMNEPAZMATA

Av kal 6ev meplAapfavetal ota SLOYVWOTLKA KPLTAPLO TTOAAWVY PEUMATOAOYLIKWY VOO LATWY N OITELKOVLON Elval
armapaitnTn yLa TNV eKTiNoN TWV HOLKPOOKOTILKWY AAOLWOEWV Kol Tou ¢dopTiou Tn vooou, KaBwc Kol TV
mapakoAovBnon Twv acBevwv.

MpocBoAr] Tou eykePaAKOU TIAPEYXUHOTOC OTA PEUMATOAOYLKA VOOILOTA, OLKOUOL KOl OE TIEPLOXEC GUCLOAOYLKA
OTIELKOVL{OLEVEG UE TLC OUBATLKEC TEXVIKEC MT.

ALOXUTEG ULKPOOOULKEC, OLUOSUVOLKEG Kol AELTOUPYLKEC LETAPOAEC OTOUG aloBeveic pe ZEA, akopa Kot xwpig
VEUPOUXOAOYLKEC EKONAWGCELC, TTOU CUOXETI(OVTAL LE CUVOLOBNUATIKEC SLOTAPAXEC KOL SLATOPAXEC OTLC
VONTLKEC AELTOUPYIEC.

AVTIOTOOULOTLKEC AELTOUPYLKEC LETAPBOAEC CUVOECIUOTNTAGC WG OVTATIOKPLON OTLC AlpoSUVALKES BAAPEeC, akoua
Kol oTou¢ aoBeveic pe ZEA xwpic veupoPuyoroyikéc ekdnAwoelg, mou Tiilava cupParlouv BeTIKA oTnV
dLatpnon Twv VoNTIKWVY AELTOUPYLWY TWV acOevwv.

H xprion Tipwyv «oudouc» (DSC perfusion MRI) 1} Texvikwv pnxavikng pabnong (otnv Aettouvpylky MT npepiog)
odnyetl otnv dtayvwon tou NWIEA pe unAn evatoBnoia kot eldkotnTa.
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