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2. POPIS OZNAKA I KRATICA 

 

 

MS                  multipla skleroza (eng. Multiple sclerosis) 

SŽŠ                 središnji živčani sustav 

HC                  zdravi kontrolni ispitanici (eng. Healthy controls) 

CCSVI            kronična cerebrospinalna venska insuficijencija (eng.chronic  

cerebrospinal  venous insufficiency) 

MRV               venografija magnetskom rezonancijom (eng. Magnestic resonance 

venography) 

DS                   vaskularni (doplerski) ultrazvuk (eng. Doppler sonography) 

CV                   kateter venografija (eng. Catheter venography) 

VH                  venska hemodinamika (eng.venous hemodynamic) 

CTEVD           kombinirana transkranijska i ekstrakranijska venska doplerska studija 

(eng. Combined transcranial and extracranial venous doppler study) 

EDSS              neurološka skala invalidnosti (eng. Expanded Disability Status Scale -

EDSS) 

RR                   relaps remitirajući oblik multiple skleroze 

PR                   primarno progresivni oblik multiple skleroze 

SP                   sekundarno progresivni oblik multiple skleroze 

IJV                  unutrašnja jugularna vena (eng.internal jugular vein) 

VV                  vertebralne vene  

TOF                venografija magnetskom rezonancijom bez kontrasta (eng. Time of 

flight) 

TRICKS         venografija magnetskom rezonancijom s kontrastom (eng. Time Resolved 

Imaging of Contrast Kinetics) 

BMI                indeks tjelesne mase (eng. Body mass index) 
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3. PREGLED OBJEDINJENIH RADOVA 

 

Ova disertacija temelji se na objedinjenju slijedećih znanstvenih radova: 

 

                          1. Dolic K, Marr K, Valnarov V, Dwayer MG, Carl E, Hagemeier J, Kennedy C, 

Brooks C, Kilanowski C, Hunt K, Hojnacki D, Weinstock-Guttamn, Zivadinov 

R. Sensitivity and specificity for screening of chronic cerebrospinal venous 

insufficiency using a multimodal non-invasive imaging approach in patients 

with multiple sclerosis. Funct Neurol. 2011;26(4):205-14. 

           2. Dolic K, Marr K, Valnarov V, Dwayer MG, Carl E, Karmon Y, Kennedy C, 

Brooks C, Kilanowski C, Hunt K, Siddiqui AH, Hin+jnacki D, Weinstock-

Guttman, Zivadinov R. Intra- and extraluminal structural and functional 

venous anomalies in multiple sclerosis, as evidenced by 2 noninvasive 

imaging techniques. AJNR Am J Neuroradiol. 2012;33(1):16-23.  

        3. Dolic K, Weinstock-Guttman B, Marr K, Valnarov V, Carl E, Hagemeier J, 

Kennedy C, Kilanowski C, Hojnacki D, Ramanathan M, Zivadinov R. Heart 

disease, overweight and cigarette smoking are associated with an increased 

prevalence of extra-cranial venous abnormalities. Neurol Res. 2012;34(8):819-

27. 

 

 

3.1.  Uvod  

 

Prema dosadašnjim spoznajama, multipla skleroza (MS) se smatra autoimunom 

bolešću središnjeg živčanog sustava (SŽS) koja se javlja kao posljedica kombinacije 

genetskih, okolišnih i infektivnih čimbenika, a od koje boluje preko 2,5 milijuna ljudi 

diljem svijeta
1
. Međutim, nedavno prezentirana tzv. vaskularna etiologija nastanka MS-
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a pod imenom kronična cerebrospinalna venska insuficijencija, (eng. Chronic 

cerebrospinal venous insufficiency, CCSVI), unijela je novo svjetlo u razumijevanje 

patofiziologije i pojavnosti MS-a. CCSVI postulira da poremećaj u venskoj drenaži 

mozga zbog patoloških promjena u glavnim ekstrakranijalnim vratnim venama i veni 

azygos dovodi do refluksa venske krvi s posljedičnim povećanjem intracerebralnog 

venskog tlaka te ekstravazacije metaboličkih produkata s povećanim taloženjem željeza 

perivenularno u parenhimu mozga 
2
. To pak potiče upalni i neurodegenerativni odgovor 

koji može doprinijeti nastanaku MS lezija. 

 U svom originalnom radu u kojem je i predstavio teoriju CCSVI Zamboni je 

opisao visoku učestalost CCSVI u bolesnika s multiplom sklerozom u odnosu na zdravu 

populaciju (eng.healthy controls, HC) što je privuklo veliku pozornost i interes širom 

svijeta, kako u znanstvenom svijetu tako i među bolesnicima oboljelim od MS-a 
2
. 

Koristeći vaskularni (doplerski) ultrazvuk (eng. Doppler ultrasound, DS) i selektivnu 

kateter venografiju (eng cathether venography, CV), Zamboni je pokazao da stenoze 

ekstrakranijalnih vena dovode do otvaranja kolaterala, visoke incidencije refluksa u 

intra i ekstrakranijalne venske segmenate i gubitak posturalne regulacije cerebralne 

venske drenaže. Nadalje, pomoću transkranijalnog i ekstrakranijalnog DS-a kao 

neinvazivnih metoda, postavio je 5 kriterija koji se odnose na poremećaj venske 

hemodinamike (VH) i uz pomoć kojih je sa 100% specifičnošću i senzitivnošću mogao 

razlikovati MS bolesnike od HC obzirom na prisutnost CCSVI (dva ili više pozitivnih 

kriterija).  

CCSVI je prouzročio brojne kontroverze i debate u znanstvenom svijetu 
3,4

. 

Nekoliko nedavno objavljenih studija s većim brojem ispitanika pokušalo je 

reproducirati originalne rezultate objavljene od strane Zambonija koristeći DS 
3,5-7

, 

venografiju magnetnom rezonancijom (MRV)
 8-10

 i CV 
11,12

, ali bez uspjeha. Iako su 

neke od studija pronašle razliku između MS bolesnika i HC u odnosu na prisutnost 

CCSVI, rezultati su bili daleko od originalnih 
7
. Nadalje, uočeno je da venske 

abnormalnosti povezane sa CCSVI-om nisu isključivo vezane za MS bolesnike nego se 

mogu naći i u HC ili bolesnika sa drugim neurološkim bolestima. Tako je u prvoj fazi 

kombinirane transkranijalne i ekstrakranijalne venske doplerske studije (CTEVD) koja 

je uključila 499 ispitanika, CCSVI dijagnosticiran u 56.1% MS bolesnika, 42.3% 
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bolesnika s drugim neurološkim bolestima, 38.1% u bolesnika s klinički izoliranim 

sindromom i 22.7% u zdravih kontrolnih ispitanika 
7
. U drugoj pak studiji pronađena je 

još veća učestalost CCSVI među zdravom populacijom, 36% 
13

. Također, jedna od 

najvažnijih kritika na račun CCSVI je i činjenica da diljem svijeta sve više dolazi do 

nekritičke primjene intervencijskih postupaka u tretiranju venske patologije, a bez jasno 

utvrđenih sigurnosnih standarda i učinkovitosti istih 
14

.  

Patološke promjene ranije spomenutih vena mogu se otkriti invazivnim 

metodama kao što su CV, koja se još uvijek smatra zlatnim standardom za procjenu 

anatomije krvnih žila, i neinvazivnim metodama kao što su DS i MRV. Jedna od 

glavnih kritika na račun neinvazivne dijagnostike CCSVI je da je DS izrazito 

subjektivna metoda, ovisna o iskustvu izvođača uz značajne teškoće u izvođenju slijepih 

pokusa. Također, i sama definicija VH kriterija 2 je kontroverzna iz razloga što smjer 

krvne struje u venama koje spajaju kortikalne i duboke intrakranijalne vene može 

varirati kao posljedica fizioloških inter-individualnih varijacija cerebralne venske 

anatomije, a dosada nije poznata ni reproducibilnost individualnih VH kriterija 
3
. 

S druge pak strane MRV je neinvazivna, osjetljiva, i o izvođaču neovisna 

metoda sa širokom primjenom u svakodnevnom kliničkom radu u prikazu intra i 

ekstrakranijalne venske anatomije i morfologije, ali se ne zna njena pouzdanost u 

dijagnostici venske patologije u MS bolesnika s pozitivnim DS CCSVI kriterijima zbog 

nedostatka iskustva i standarda u korištenju iste u otkrivanju cerebrospinalnih venskih 

anomalija. Također ne postoje dostupne MRV kontrolne studije u bolesnika s MS-om. 

U maloj pilot studiji Hojnacki i drugi su ispitivali vrijednost MRV kao neinvazivne 

dijagnostičke metode u procjeni morfologije i patologije vratnih vena u usporedbi s 

rezultatima dobivenim pomoću vaskularnog ultravzvuka i CV 
15

. Oni su pokazali da 

MRV ima ograničenu vrijednost u dijagnostici CCSVI prema Zambonijevim 

kriterijima.  

Međutim nedostatci njegova rada bili su mali uzorak ispitanika (10 MS 

bolesnika i 7 zdravih ispitanika), nezavisni neuroradiolozi u analizi DS i MRV i 

izostanak evaluacije svih CCSVI kriterija, poput asimetrije unutrašnjih jugularnih i 

vertebralnih vena.  
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Nadalje, upravo nedostatak standardnih definicija venske patologije kod 

upotrebe različitih slikovnih metoda naglašava potrebu za multimodalnim pristupom u 

postavljanju dijagnoze CCSVI u studiji s velikom skupinom MS bolesnika i kontrolnih 

ispitanika. Ukoliko različite slikovne tehnike mogu pokazati iste patološke promjene 

vena to bi moglo utjecati na specifičnost i osjetljivost multimodalnog pristupa u 

dijagnostici CCSVI. 

Ranije objavljene MS studije postavile su tezu da su ekstrakranijalne venske 

anomalije embrionalne (trunkularne) geneze 
11,12,16

 karakterizirane intraluminalnim 

(poput membrana, septuma, malformiranih zalistaka i dr.), ili ekstraluminalnim 

abnormalnostima (poput stenoze), međutim, daljnje in vivo i postmortem studije su 

potrebne za dokaz navedenih teza. Također, pretpostavlja se da podrijetlo spomenutih 

venskih abnormalnosti može biti fiziološko 
5,17

, posljedica starenja 
18.19

, kongenitalno 
20

, 

posljedica upalnih procesa 
7
, kronične opstruktivne bolesti i plućne hipertenzije te 

okolišnih faktora 
21

. 

 

Cilj istraživanja znanstvenih radova objedinjenih u ovoj disertaciji bio je:  

a) istražiti učestalost pozitivne CCSVI dijagnoze u dosad najvećoj kohorti MS 

pacijenata i zdravih ispitanika bez neuroloških bolesti upotrebom dviju 

neinvazivnih tehnika, MR venografije i vaskularnog ultrazvuka, te istražiti 

pružaju li ove dvije tehnike pružaju komplementarne informacije, odnosno je li 

se kombinacijom ovih dviju tehnika može povećati osjetljivost i specifičnost za 

skrining CCSVI-a.  

b) pod pretpostavkom da su ekstrakranijske venske abnormalnosti trunkularne 

geneze istražiti prevalenciju i broj venskih anomalija upotrebom vaskularnog 

ultrazvuka i MR venografije u velikog broja MS pacijenata i zdravih ispitanika 

kao i mogućnosti dijagnostičke reproducibilnosti istih.  

c) istražiti povezanost ekstrakranijalnih venskih abnormalnosti i rizičnih čimbenika 

te protektivnih demografskih, kliničkih i okolišnih čimbenika u kontrolnih 

ispitanika bez poznate bolesti centralnog živčanog sustava.  
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3.2.  Pregled metodologije objedinjenih radova 

 

3.2.1 Ispitanici i metode 

 

U studiji 1 sudjelovao je 171 MS pacijent i 79 zdravih ispitanika podudarnih u 

odnosu na dob i spol. U studiji 2 bilo je uključeno 150 MS pacijenata i 63 kontrolna 

zdrava ispitanika. U obje spomenute studije ispitanici su podvrgnuti ultrazvučnom 

doplerskom pregledu intra i ekstrakranijalnih vena te MR venografiji vratnih vena 

prema ranije utvrđenim protokolima 
2,24

. Primjena kontrasta u snimanju vena zdravih 

ispitanika nije bila obvezatni dio protokola zbog etičkih razloga, a što je bilo 

preporučeno i od strane etičke komisije. Uključujuči kriteriji su bili: klinički dokazana 

dijagnoza MS (relaps-remitirajući (RR), sekundarno progresivni (SP) i primarno 

progresivni bolesnici (PP) klasificirani po McDonaldsovim kriterijima iz 2005.godine), 

dob između 18-65 godina, vrijednost skale za procjenu invalidnosti kao posljedice 

bolesti (eng. Expanded Disability Status Scale -EDSS) između 0-6.5, sposobnost 

pristupanja doplerskim i MR pretragama. Kriteriji isključivosti bili su: granični nalazi 

na DS (pozitivan jedan VH kriterij uz nemogućnost detekcije drugog zbog tehničkih 

razloga), prisutnost relapsa i primjena steroidne terapije unutar 30 dana od uključivanja 

u studiju, pozitivna osobna anamneza o bolestima vratne regije i kongenitalnim 

cerebralnim vaskularnim abnormalnostima (Klippel-Trenaunay, Parkes-Weber, 

Servelle-Martorellu, Budd-Chiari, sindromi) i cerebralnim venskim trombozama, 

anamneza o ranije postavljenim kateterima u veni jugularis interni (IJV), aktivna 

trudnoća, anamneza o kroničnoj opstruktivnoj plućnoj bolesti i artritičke promjene 

vratne kralježnice (nemogućnost adekvatnog postavljanja u ležeći položaj), 

kontraindikacija za MRI (npr. srčani elektrostimulator), klaustrofobija, i postojanje 

kontraindikacija za primjenu gadolinijskih (Gd) kontrastnih sredstava.  

U studiju 3 bila su uključena 240 kontrolna ispitanika bez pozitivne anamneze o 

patološkim promjenama CNS-a koji su odabrani na osnovi uključujućih i isključujućih 

kriterija korištenih u studiji koja je ispitivala rizične faktore povezane s pozitivnom 

dijagnozom CCSVI 
23

.  Svim subjektima je učinjen doplerski pregled ekstrakranijalnih 

vena s ciljem utvrđivanja prisutnosti intraluminalnih i ekstraluminalnih strukturalnih te 
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funkcionalnih venskih abnormalnosti. Uz ultrazvučni doplerski pregled ispitanici su 

morali ispuniti i strukturalni upitnik koji je sadržavao pitanja o demografskim 

karakteristikama, postojanju autoimunih i drugih pridruženih bolesti, vaskularnih i 

okolišnih rizičnih faktora kao i informacijama o životnim navikama. Obzirom na 

vrijednost indeksa tjelesne mase (eng., body mass index, BMI) ispitanici su podijeljeni 

u četiri kategorije: a) ispod prosječne težine < 18.5, normalni raspon težine 18.5–24.9, 

prevelika težina 25–29.9 i adipozni BMI > 30 ili više. Ispitanici su bili regrutirani među 

bolničkim osobljem, preko oglasa u lokalnim novinama i među članovima obitelji MS 

pacijenata. Uključujući kriteriji bili su: ispunjen upitnik o zdravstvenom statusu (bolesti, 

operacije, lijekovi..), mogućnost izvođenja doplerskog pregleda (bez tehničkih 

poteškoća, npr. Nemogućnost rotacije vrata) i ispunjen strukturalni upitnik. Isključujući 

kriteriji su bili: pozitivna anamneza o patološkim stanjima povezanima sa CNS-om 

(neurodegenerativne bolesti, cerebrovaskularne bolesti, povijest o psihijatrijskim 

poremećajima, epilepsije, trauma i dr.) i patologijom vratne regije, genetska trombofilija 

i artritičke promjene vratne kralježnice. 

 

3.2.2. Analiza vena magnetskom rezonancijom 

 

          U studiji 1 i 2 svim ispitanicima je učinjena MR venografija vratnih vena na 3 

Tesla Signa Excite HD 12,0 “Twin Speed” 8-kanalnom skeneru (General Electric, 

Milwaukee, SAD), uz korištenje multi-kanalne zavojnice za glavu i vrat za dobivanje 

sljedećih sekvenci: 2D “Time-of-flight” (TOF) venografija (bez upotrebe 

paramagnetskog kontrastnog sredstva) i 3D-„Time Resolved Imaging of Contrast 

Kinetics“ (TRICKS) sekvencije uz primjenu kontrasta (samo MS pacijenti). Parametri 

korišteni za TOF su: TR / TE 17/4.3 msec (vrijeme ponavljanja / echo vrijeme), flip kut 

od 70 stupnjeva, 1,5 mm debljine slojevi, akvizicija matrice 320/192 i akvizicija u 

aksijalnoj ravnini skeniranja. Parametri korišteni za TRICKS su bili: TR / TE 4.2/1.6 

msec, flip kut od 30 stupnjeva, 2 mm debljina sloja, akvizicija matrice 320/192 i 

akvizicija u koronarnoj ravnini skeniranja. Korišteno je paramagnetsko gadolinijsko  

kontrastno sredstvo aplicirano intravenski u kubitalnu venu putem automatske štrcaljke 

brzinom 2ml/s. Volumen ukupno datog kontrasta iznosio je 20 ml. Protokol skeniranja 
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sastojao se od 18 faza akvizicije, svaki u trajanju od 5s. MR presjeci su učinjeni od 

razine konfluensa intrakranijalnih sinusa do razine luka aorte.  

 Morfološka analiza protoka u IJV napravljena je na aksijalnim presjecima u 2D-

TOF tehnici snimanja, kao i na rekonstruiranim aksijalnim presjecima dobivenima iz 

3D TRICKS serije snimaka. Za ocjenu protoka korištena je ordinalna mjerna skala u 

rasponu od odsutnog protoka (bez vidljivog lumena) do elipsoidnog uzorka (normalni 

oblik lumena)
 15

. 

Ukupno je korišteno pet kvalitativnih kategorija za opis morfologije lumena, 

odnosno protoka u IJV: odsutan protok (eng. absent), izrazito suženje lumena (eng. 

pinpoint), spljošten lumen (eng. flattened ), polumjesečast (eng. crescentic) i elipsoidni 

oblik (eng. ellipsoidal).  

IJV smo podijelili na gornji i donji segment s tim da je crta razdjelnica bilo 

mjesto gdje se vena facialis ulijeva u jugularnu venu. Abnormalnim nalazom smatrali 

smo odsutnost protoka unutar lumena i izrazito suženje istog (> 50%) duž bilo kojeg 

segmenta IJV. Protok u vertebralnim venama je klasificiran kao prisutan (uredan nalaz) 

odnosno odsutan (abnormalan nalaz). 

Za usporedbu MRV nalaza s nalazima DS koristili smo varijable 

„abnormal“(odsutan protok, izrazito suženje, nasuprot normalni protok) za ocjenu 

protoka u IJV i za ocjenu protoka u vertebralnim venama (VV) varijablu 

„abnormal“(odsutan protok). Također smo procijenili prisutnost i prominentnost ostalih 

venskih struktura vrata na MRV-u u smislu razvijenosti kolateralne mreže vena: vanjska 

jugularna vena, prednja jugularna vena, lična vena, tiroidna vena i duboke cervikalne 

vene. Prominentnost smo definirali kao širinu lumena veću od 5 mm duž cijelog toka, 

odnosno više od 7 mm u donjem segmentu EJV zvanom sinus, jer je taj dio često 

fiziološki dilatiran 
24

, a klasificirana je kao prisutna/odsutna. Također smo računali i 

ukupni broj kolaterala. Usporedili smo MRV varijable za kolateralnu cirkulaciju između 

MS bolesnika i zdravih ispitanika i između MS podgrupa. Nadalje ispitali smo i 

asimetriju IJV i VV obostrano koristeći kvalitativne kategoričke varijable 

(prisutno/odsutno). 
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Namjera nam je bila usporediti i asimetriju i prominentnost kolateralne venske 

cirkulacije vidljive na MRV s nalazima iste na DS, ali nismo uspjeli obzirom da naš 

specifični DS protokol (CCSVI kriteriji) nije uključivao spomenute varijable. 

Sve MR venografije su pregledane od strane dva nezavisna neuroradiologa: oba 

radiologa su imali pristup MRV snimkama, ali ne i MR snimkama mozga i nisu bili 

upoznati s demografskim (osim datuma rođenja) i kliničkim podatcima o ispitanicima.  

 

 

3.2.3 Analiza vena vaskularnim (dopler) ultrazvukom  

 

            U sve tri nabrojene studije cerebralna venska drenaža ispitivana je pomoću 

obojenog doplerskog ultrazvučnog uređaja (DEK Esaote-Biosound, My lab 25, Italija) 

opremljenog sa 2,5 i 7,5-10 MHz sondama. Svi ispitanici su pregledani u ležećem (0°) i 

u sjedećem položaju (90°). Između promjene položaja postojala je pauza od nekoliko 

minuta kako bi venski sustav imao dovoljno vremena za prilagodbu. Svi ispitanici su 

pregledani po unaprijed utvrđenom protokolu za dijagnozu CCSVI koji 
2,25

se sastoji od 

trans-kranijskog i ekstra-kranijskog ultrazvuka s mjerenjem parametara indikativnih za 

CCSVI. Prvi parametar je refluks u IJVs i / ili u VV u sjedećem i ležećem položaju (90° 

i 0°) - refluks je definiran kao tok usmjeren prema mozgu u trajanju od > 0,88 sekunde; 

2) refluks u dubokim cerebralnim venama (DCV). Refluks se definira kao reverzni tijek 

u trajanju od 0,5 sek u jednoj od DCV (unutarnje cerebralne vene, bazalna vena 

Rosenthal ili vena Galeni). Treći mjerneni parametar se odnosio na intraluminalne 

abnormalnosti ili stenoze unutrašnjih jugularnih vena prikazanih u B načinu 

ultrazvučnog prikaza. IJV stenoza je definirana kao površina presjeka vene manje ili 

jednako 0,3 cm
2
. U B-mod abnormalnosti se ubrajaju tanke linearne ehogene strukture 

koje se pružaju s unutarnje venske stijenke (eng. flap), multiple septe ili „flap“ u 

nakupini (eng. web), intraluminalne pregrade (eng. septum) te membrane i malformirani 

zalisci koji signifikantno remete cerebralni venski odtok. Četvrti mjereni parametar je 

odsutnost ultrazvučnim doplerom uočljivog protoka u IJVs i / ili VV unatoč višestrukim 

dubokim udisajima. Peti mejerni parametar se odnosio na gubitak posturalne kontrole 

glavnog cerebralnog venskog drenažnog puta mjerenjem razlika u površini presjeka 
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IJV-a između ležećeg i uspravnog položaja. Ispitanik se smatra CCSVI pozitivnim, ako 

su ≥ 2 VH kriterija bila ispunjena, kao što je već ranije objavljeno 
2,25

. DS preglede su 

obavili dva iskusna ultrasoničara po principu “slijepog pokusa”. Također u studiji 2 i 3 

ispitanicima je učinjen ekstrakranijalni dopler unutrašnjih jugularnih vena poradi 

utvrđivanja prisutnosti intraluminalnih i ekstraluminalnih strukturalnih te funkcionalnih 

abnormalnosti. Intraluminalne promjene su obuhvaćale tanke linearne ehogene strukture 

koje se pružaju sa zidova venske stijenke (eng.flap), multiple septe ili flap u 

nakupinama (eng. Web), membrane (membranozne strukture koje gotovo u cijelosti 

okludiraju lumen vene) i malformirane zalistake: disdinamični ili fibrozni zalisci 

(eng.malformed valve). Ekstraluminalne promjene su predstavljali: stenoza i 

cirkumferentno zadebljanje stijenke uz nemogućnost adekvatnog rastezanja iste za 

vrijeme respiracije (eng. annulus). U funkcionalne pak abnormalnosti smo ubrajali 

prisutnost refluksa/protoka u dva smjera  i  odsustvo protoka.  

Prilikom usporedbe ultrazvučnog nalaza s nalazima MRV, prisustvo najmanje 

jedne od sljedećih IJV VH anomalija se smatralo patološkim nalazom: zakrilca, 

membrane, malformirane valvule, septumi, web, stenoza, odsustvo detektabilnog 

protoka, i prisutnost refluksa u sjedećem i ležećem namještaju ispitanika.  

Odsutnost dektektabilnog protoka (tzv. blok) u VV se smatralo patološkim nalazom i 

koristio se u usporedbi s MRV VV patološkim nalazom. Također smo usporedili 

intraluminalne i ekstraluminalne abnormalnosti na ultrazvuku između MS bolesnika i 

zdravih kontrolnih ispitanika te između MS podskupina u studiji 2.   

 

3.2.4. Statistički postupci 

 

Za statističku analizu dobivenih rezultata u prvoj i trećoj studiji korištena je 

aplikacija „ Statistical Package for Social Sciences“ (SPSS, verzija 17.0), SAD, a u 

studiji 2 verzija 16.0.  Vrijednost p<0,01 je predstavljala granicu statističke značajnosti 

u 1. i 2. studiji, a p<0.05 u trećoj studiji.  

Za razlike između različitih skupina ispitanika korišten je nezavisni t-test, hi 

kvadrat test χ
2
 i neparametrijski Mann-Whitney U-test. Prevalencija svakog od 5 VH 

kriterija kao i za CCSVI u različitim skupinama ispitanika analizirani su upotrebom χ
2 
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testa, a reproducibilnost korištenjem korelacijskih testova (Cohen’s Kappa i inter-class 

correlation (ICC) testova). Specifičnost i osjetljivost između MS bolesnika i HC kao i 

između MS podgrupa analizirana je upotrebom parametrijskog „crosstabs“ testa.  

U studiji 2 za procjenu prevalencije i broja venskih abnormalnosti korišteni su t-

test, Fischer-ov test i Mann-Whitney U-test. Reproducibilnost je analizirana upotrebom 

Cohen’s Kappa i ICC testa. Odnos između različitih DS i MRV venskih karakteristika 

analizirana je  „Spearman-ovom korelacijom”.  

           U studiji 3 za opisnu statistiku i utvrđivanje prevalencije i broja venskih 

abnormalnosti korišten je „student’s t-test , „Fischer-ov test i neparametrijski Mann-

Whitney U-test. U svrhu povećanja osjetljivosti i specifičnosti rezultata studije, uzeli 

smo u obzir samo one varijable iz strukturiranog upitnika koje su imale postotak 

odgovora od 80%. 
 
Za procjenu koji je rizični odnosno protektivni faktor povezan s 

pojavnošću venskih abnormalnosti korištena je logistička regresijska analiza uz izračun 

omjera, eng. odds-ratio (OR), i 95% intervala pouzdanosti, eng. confidence interval 

(CI).  

 

3.3. Sažeti pregled rezultata objedinjenih radova 

 

3.3.1. Rad 1 

 

U studiji 1 istraživali smo osjetljivost i specifičnost u detekciji CCSVI-a 

koristeći dvije neinvazivne dijagnostičke tehnike, MRV i DS. Prevalencija pozitivne 

dijagnoze CCSVI među MS bolesnicima je iznosila 64.3%, a 38% u kontrolnih 

ispitanika (p<.001), 58.4% za neprogresivne, a 75.9% za progresivne MS bolesnike 

(p=.017). VH kriterij 3 bio je pozitivan u 79.3% progresivnih te 63.7% neprogresivnih 

MS bolesnika i 45.6% ispitanika bez neuroloških bolesti (p<0.001). Barem jedan 

pozitivan VH kriterij bio je zastupljen u 87.1% MS bolesnika i 72.7% kontrolnih 

ispitanika. Nadalje, pronašli smo da pozitivna 2 ili više doplerskih VH kriterija imaju 

visoku specifičnost, ali malu osjetljivost u razlikovanju MS bolesnika od zdravih 

ispitanika kao i MS podskupina obzirom na prisutnost CCSVI dijagnoze. Individualni 

VH kriteriji 1, 4 i 5 pokazali su visoku specifičnost, ali također nisku osjetljivost za 
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razlikovanje MS bolesnika od HC. Iako MRV nije pokazao signifikantne razlike na 

morfološkoj skali protoka između MS bolesnika i kontrolnih ispitanika, pokazao je 

visoku specifičnost, ali nisku osjetljivost, za diferenciranje ovih dviju skupina ispitanika 

kao i progresivnih i neprogresivnih MS bolesnika obzirom na abnormalni venski protok. 

MRV se pokazao kao komplementarna metoda dopleru u diferencijaciji progresivnih i 

neprogresivnih MS bolesnika, a posjeduje i mogućnost prikaza kolaterala.  

 

Slika 1. Primjer korelacije nalaza MR venografije i vaskularnog ultrazvuka: a) odsutan 

protok u lijevoj unutrašnjoj jugularnoj veni prikazan u 2D TOF tehnici (strjelica) i (b i 

c) TRICKS tehnici MR venografije s i.v. kontrastom te (d) vaskularnim ultrazvukom 

(strjelice). Izrazita stenoza obje unutrašnje jugularne vene prikazane MR venografijom 

(e ,f, g) i vaskularnim ultrazvukom (h i j) (strjelice).   

 

Abnormalni protok u VV na  ultrazvučnom dopleru i MRV-u pokazao je visoku 

specifičnost za razlikovanje MS pacijenata od zdravih ispitanika kao i prisutnost više od 

jedne kolaterale na MRV-u, ali nisku osjetljivost. Jedan od najvažnijih nalaza ove 

studije je da se specifičnost za dijagnozu MS-a povećava iznad 90% kad se kombiniraju 
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IJV i VV abnormalnosti uočene na DS i MRV-u u kombinaciji s pozitivnim VH 

kriterijem 2 i nalazom više od jedne kolaterale na MRV-u.  

 

Tablica 1. Specifičnost i osjetljivost kombinacije multimodalnih venskih hemodinamskih 

kriterija između MS bolesnika i kontrolnih ispitanika te MS podskupina.  

 

MS – Multipla skleroza; HC – zdravi ispitanici; NPR – neprogresivni bolesnici; PR - 

progresivni; VH – venski hemodinamski kriteriji. 

 

 

3.3.2. Rad 2 

 

       U studiji 2 smo ispitivali prisutnost i broj intra i ekstraluminalnih strukturalnih i 

funkcionalnih abnormalnosti unutar IJV.      

 

Multimodalna kombinacija 

kriterija 

Osjetljivost

MS vs. HC 

Specifičnost 

MS vs. HC 

Osjetljivost 

NPR-MS vs. 

PR-MS 

Specifičnost 

NPR-MS vs. 

PR-MS 

≥ 1 DS VH IJV pozitivnih kriterija i  

patološkil MRV IJV protok 

28.7% 84.8% 37.9% 76.1% 

≥ 1 DS VH VV pozitivnih kriterija i 

patološki MRV VV protok 

29% 92.4% 24.1% 92% 

≥ 1 DS VH IJV kriterija i pozitivan 

DS VH criteria 2 i > 1 kolaterale 

38.6% 81% 43.1% 63.7% 

patološki MRV IJV protok i 

pozitivan DS VH criteria 2 te > 1 

kolaterale 

16.4% 91.1% 16.4% 83.6% 

≥ 1 DS VH VV kriterija i pozitivan 

DS VH kriterij 2 te > 1 kolaterale 

6.4% 94.9% 5.2% 92.9% 

patološki MRV VV protok i 

pozitivan DS VH kriterij 2 te > 1 

kolaterale 

5.2% 94.8% 12.1% 99.1% 
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Slika 2. Primjeri intraluminalnih strukturalnih abnormalnosti unutar unutrašnjih 

jugularnih vena koje uzrokuju hemodinamske abnormalnosti u zdravih ispitanika i MS 

pacijenata. a) septum, b) neparni zalistak, c) flap, d) web. 

 

MS bolesnici su imali signifikantno veći broj funkcionalnih (p<0.0001), ukupnih 

strukturalnih (p=0.001) te intraluminalnih strukturalnih (p=0.005) abnormalnosti 

utvrđenih ultrazvučnim doplerom u odnosu na zdrave ispitanike. U MS bolesnika je 

također postojao trend za veću učestalost ekstraluminalnih abnormalnosti (p=0.023). 

Nisu pronađene signifikantne razlike na morfološkoj skali protoka unutar IJV između 

MS bolesnika i zdravih ispitanika na MRV-u. Međutim progresivni MS bolesnici 

(primarni i  sekundarno progresivni oblici bolesti) prezentirali su se s većom učestalosti 

ekstraluminalnih (p=0.01) i više morfoloških abnormalnosti protoka na MRV-u u TOF 

(p=0.006) i TRICKS (p=0.01) tehnici snimanja u odnosu na neprogresivnu skupinu MS 

bolesnika (relaps-remitirajući). Postojao je trend za veći broj kolaterala, uočenih na 

MRV snimkama, u MS bolesnika u odnosu na kontrolnu skupinu (p=0.016). U pogledu 

a 

b 

c 

d 
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reproducibilnosti, pronašli smo umjerenu do visoku podudarnost između ponovljenih 

pregleda od strane istog ispitivača (slijepi pokus) u odnosu na prisutnost ukupnih 

strukturalnih i funkcionalnih venskih abnormalnosti, a nisku ili umjerenu između dvaju 

ispitivača za istu skupinu abnormalnosti. Umjerenu do visoku podudarnost između 

dvaju ispitivača pronašli smo i za ekstraluminalne strukturalne abnormalnosti.  

Tablica 2. Prevalencija intra i ekstraluminalnih strukturalnih i funkcionalnih 

abnormalnosti unutrašnjih jugularnih vena u zdravih ispitanika i MS bolesnika vidljivih 

vaskularnim ultrazvukom    

      

   3.3.3. Rad 3 

 

    Rezultati studije 3 pokazali su da su među ispitivanom populacijom najčešće 

bile zastupljene intraluminalne strukturalne i funkcionalne abnormalnosti bez razlike 

između spolova ili različitih dobnih skupina. Subjekti s pozitivnom anamnezom bolesti 

Individualna učestalost venskih 

abnormalnosti 

HC 

(n=63) 

MS 

(n=150) 

p 

value
a
 

NPR-MS 

(n=104) 

PR-MS 

(n=46) 

p 

value
b
 

Ukupne strukturalne, n (%) 34 (54) 111 (74) .004 72 (69.2) 39 (84.8) .033 

Intraluminalne strukturalne, n (%) 

   Web 

   Flap 

   Septum 

   Membrane 

   Malformirani zalistci 

31 (49.2) 

0 

17 (27) 

9 (14.3) 

0 

18 (28.6) 

102 (68) 

6 (4) 

51 (34) 

43 (28.7) 

0 

40 (26.7) 

.008 67 (64.4) 

5 (4.8) 

36 (34.6) 

34 (32.7) 

0 

25 (24) 

35 (76.1) 

1 (2.2) 

15 (32.6) 

9 (19.6) 

0 

15 (32.6) 

.110 

Extraluminalne strukturalne, n (%) 

   Stenza 

   Annulus 

7 (11.1) 

7 (11.1) 

0 

33 (22) 

33 (22) 

0 

.044 17 (16.3) 

17 (16.3) 

0 

16 (34.8) 

16 (34.8) 

0 

.01 

Ukupne funkcionalne, n (%)  

   Refluks 

   Paradoks 

 Odsutan protok 

21 (33.3) 

20 (31.7) 

0 

2 (3.2) 

82 (54.7) 

74 (49.3) 

2 (1.3) 

16 (10.7) 

.003 55 (52.9) 

49 (47.1) 

1 (1) 

8 (7.7) 

27 (58.7) 

25 (54.3) 

1 (2.2) 

8 (17.4) 

.316 
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srca (p=.001), prekomjernom tjelesnom težinom (p=0.005) i pušenjem cigareta 

(p=0.016) imaju signifikantno veći broj intraluminalnih strukturalnih venskih 

abnormalnosti.  

Tablica 3. Rizični faktori povezani s prisutnošću intraluminalnih i  ekstraluminalih 

strukturalnih i funkcionalnih abnormalnosti unutrašnjih jugularnih vena prikazani 

korištenjem logističke regresijske analize. 

 

Venske 

abnormalnosti 

 
Risk/protective 

factors 

Subjects 

n=240 

totR/totA/tot  

OR 
95%  

CI 
R p 

Ukupne 

intraluminalne 

strukturalne 

abnormalnosti 

Rizični faktori 
Srčane smetnje 223/80/41  3.01 1.7-5.4 1.1 <.001 

Pušenje 218/146/64  2.34 1.2-4.4 0.85 .005 

Protektivni 

faktori 
- - - - - - 

 

Malformirani 

zalistci 

 

Rizični faktori 
Srčane smetnje 223/80/32  12.9 

5.4-

31.3 
2.6 

<0.00

1 

Pušenje 218/146/35  2.21 1-4.9 0.8 0.033 

Protektivni 

faktori 
- - - - - - 

 

Flap 

 

Rizični faktori 
Mononukleoza 225/34/12  2.8 1.3-6.3 1.03 0.012 

Pušenje 218/146/34  2.1 0.9-4.7 0.75 0.042 

Protektivni 

faktori 
- - - - - - 

Ukupne 

ekstraluminalne 

abnormalnosti 

Rizični faktori - - - - - - 

Protektivni 

faktori 
- - - - - - 

Ukupne 

funkcionalne 

abnormalnosti 

Rizični faktori - - - - - - 

Protektivni 

faktori 

Dijetalni dodaci 229/142/69 0.6 
0.34-

1.01 
-0.53 0.037 

Biljni dodaci 229/39/23 0.5 0.2-0.9 -0.7 0.027 
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totR – ukupan broj ispitanika koji su odgovorili na upitnik; totA – ukupan broj 

ispitanika s pozitivnom nalazom za određeno stanje; tot - ukupne venske abnormalnosti. 

; OR - odds ratio; CI – interval pouzdanosti; R – regresijski koeficijent 

 

Prisutnost srčane bolesti povećava rizik za pojavnost malformiranih zalistaka 

unutrašnje jugularne vene 12.9 puta (95% C.I. 5.4-31.3, p<0.001), a pušenje 2.2 puta 

(95% C.I. 1-4.9, p=0.033). Prekomjerna tjelesna težina (p=0.003), anamneza o 

preboljeloj infektivnoj mononukleozi (p=0.012) i pušenje (p=0.042) povećavaju rizik za 

pojavnost flap abnormalnosti. Nije pronađena poveznica između ispitivanih rizičnih 

faktora i ekstraluminalnih strukturalnih kao ni funkcionalnih abnormalnosti. Međutim, 

upotreba dijetalnih i biljnih dodataka prehrani (62% ispitanika) u razdoblju od tri 

mjeseca ili više, pokazali su protektivnu ulogu za prisutnost funkcionalnih venskih 

abnormalnosti. 

 

 

 

  4.  RASPRAVA 

 

4.1. Specifičnost i osjetljivost neinvazivnih dijagnostičkih metoda u dijagnostici 

kronične cerebrospinalne venske insuficijencije 

 

U studiji 1 smo istraživali osjetljivost i specifičnost neinvazivnih dijagnostičkih metoda 

za probir CCSVI dijagnoze na velikoj skupini MS bolesnika i zdravih kontrolnih 

ispitanika.   

  S dijagnostičkog stajališta gledano, glavna kritika na račun DS kriterija za postavljanje 

dijagnoze CCSVI-a je da je vaskularni ultrazvuk izrazito o operatoru ovisna metoda 

7,26,27 
i da ovisi o treniranosti izvođača pretrage. U našoj nedavno objavljenoj studiji 

pokazali smo umjerenu do visoku podudarnost između dva operatera za dijagnozu 

CCSVI 
7
.  S ciljem da prikupimo još više informacija o reproducibilnosti individualnih i 

IJV/VV hemodinamskih kriterija, dva trenirana doplerska tehničara, metodom slijepog 
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pokusa, pregledali su 20 MS bolesnika i 7 HC u razmaku od tjedan dana.  Pronašli smo 

umjerenu do visoku podudarnost između istih za postavljanje CCSVI dijagnoze kao i za 

pronalazak jednog ili više individualnih venskih hemodinamskih kriterija. Među 

individualnim VH kriterijima najreproducibilniji su bili kriterij 1, 3 i 4 dok su kriterij 2 i 

5 u manjoj mjeri bili reproducibilni što sugerira da su globalni DS VH kriteriji za 

dijagnozu CCSVI reproducibilniji u odnosu na individualne. Iako DS CCSVI protokol 

zahtijeva adekvatnu obuku prije primjene istog 
7,27,28

, rezultati reproducibilnosti naše 

studije podupiru njegovu primjenu u multicentričnim studijama i za dijagnostičke svrhe.  

 U 64.3% MS bolesnika i 38% HC pronašli smo pozitivna 2 ili više 

hemodinamskih kriterija, odnosno pozitivnu CCSVI dijagnozu što je nešto veća 

prevalencija u odnosu na ranije objavljene rezultate prve faze CTEVD studije
7
, ali 

daleko manja u odnosu na originalne objavljene rezultate
2
. Najčešći VH kriterij u obje 

ispitivane grupe bio je VH kriterij 3 kao i u našoj prijašnjoj studiji
7
 koji predstavlja 

proksimalnu stenozu IJV kao posljedicu intraluminalnih abnormalnosti 
10,24

.  Ovo je 

također u skladu s našim ranijim istraživanjem u kojem smo pronašli da su najčešće 

abnormalnosti jugularnih vena indikativne za dijagnozu CCSVI intraluminalnog 

podrijetla 
28

.  Nadalje, pronašli smo da više MS bolesnika ima pozitivan jedan ili više 

DS VH IJV kriterija nego kontrolni ispitanici što upućuje na činjenicu da se većina 

ekstrakranijskih venskih abnormalnosti nalazi unutar IJV. Bez izvođenja invazivne 

selektivne venografije teško je procijeniti u kojoj mjeri patologija vena azygos sudjeluje  

u dijagnozi CCSVI 
2,16

.  Također, nismo pronašli razliku između ispitivanih skupina u 

odnosu na VH VV kriterije.    

 Osjetljivost i specifičnost  DS podataka za dijagnozu CCSVI bila je znatno niža 

u odnosu na inicijalnu studiju
2
, ali u korelaciji s našim ranijim studijama

7
. Iako je DS 

pokazao nižu osjetljivost, specifičnost za razlikovanje MS pacijenata i HC u odnosu na 

pozitivna 2 ili više VH kriterija i individualnih VH kriterija 1,4 i 5 je bila prilično 

visoka. Najčešći VH kriterij u obje ispitivane skupine bio je VH kriterij 3, ali je pokazao 

najnižu specifičnost u svim ispitivanim grupama. Nismo koristili ”Quality Doppler 

Profile” (QDP) tehnologiju za detekciju DS VH kriterija 2 zbog tehničkih nemogućnosti 

našeg vaskularnog ultrazvuka što je moglo utjecati na rezultate osjetljivosti i 

specifičnosti naše studije. Specifičnost i osjetljivost za diferenciranje progresivnih od 
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neprogresivnih MS bolesnika obzirom na individualne DS VH kriterije i dijagnozu 

CCSVI bila je niža nego između MS pacijenata i HC.   

U usporedbi s vaskularnim ultrazvukom, rezultati MR venografije su pokazali 

abnormalan protok unutrašnjih jugularnih vena u samo 32.2% MS bolesnika i 24.1% 

zdravih ispitanika što je u skladu s rezultatima nekoliko ranije objavljenih MRV 

studija
8,9,10

. U našoj ranijoj studiji u kojoj smo istraživali potencijalnu vrijednost MR 

venografije u prikazu morfologije ekstrakranijskog venskog sustava
10

 nismo pronašli 

razliku između ispitivanih grupa (57 MS pacijenata bolesnika i 21 HC). U drugoj pak 

studiji, Wattjes i suradnici su analizirali intrakranijalne i ekstrakranijalne vene vrata u 

MS bolesnika i zdravih kontrolnih ispitanika (20:20) i također nisu pronašli razliku 

između dviju skupina u odnosu na morfologiju vena kao i na prisutnost alternativnih 

drenažnih puteva 
9
. Usprkos činjenici da su vene vrata i glave jasno prikazane na MR 

venografiji, ista nema dovoljno veliku rezoluciju za prikaz intraluminalnih 

abnormalnosti kao ni mogućnost prikaza promjena u realnom vremenu što ujedno 

predstavlja glavne nedostatke ove tehnike u usporedbi s vaskularnim ultrazvukom 
9
. To 

bi ujedno moglo objasniti proturječnost dobivenih rezultata na MRV-u i DS-u obzirom 

da intraluminalne abnormalnosti predstavljaju najčešći tip venske patologije u sklopu 

CCSVI kriterija. Međutim, MRV ima sposobnost prikaza ekstraluminalnih 

abnormalnosti poput stenoze vena, a što je i potvrđeno u našem prijašnjem istraživanju 

28
.  

 Značajno se više progresivnih MS bolesnika u odnosu na neprogresivne 

prezentiralo s morfološkim abnormalnostima protoka unutrašnjih jugularnih vena 

prikazanih korištenjem obje MRV tehnike (s i bez kontrasta).  Također, postojao je 

trend za veću prevalenciju CCSVI kao i za učestalost  pozitivnog  jednog ili više VH 

kriterija u progresivnih MS bolesnika u odnosu na neprogresivne pri pregledu 

vaskularnim ultrazvukom što upućuje na zaključak da se progresivni MS bolesnici 

generalno prezentiraju s većim brojem venskih abnormalnosti, a što je također 

objavljeno u nedavno prezentiranoj studiji. Međutim, potrebne su daljnje studije koje će 

istražiti je li životna dob (progresivni MS pacijenti su generalno starije dobi) ili duljina 

trajanja bolesti mogu utjecati na prevalenciju IJV abnormalnosti u MS bolesnika, što je 

nedavno objavljeno u slučaju zdravih ispitanika 
18,19

.  
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Što se pak tiče osjetljivosti i specifičnosti, MRV rezultati su pokazali visoku 

specifičnost za dijagnozu multiple skleroze temeljenu na patološkim promjenama IJV 

na TOF sekvenci kao i za razlikovanje MS podgrupa na TOF i TRICKS sekvenci. 

Također je pokazao visoku specifičnost za abnormalan protok u vertebralnim 

arterijama. Ovi rezultati sugeriraju da se MRV može koristiti kao komplementarna 

neinvazivna dijagnostička metoda u odnosu na vaskularni ultrazvuk za probir pozitivne 

CCSVI dijagnoze usprkos manjoj osjetljivosti iste.  

 Zamboni je pretpostavio da bi ekstrakranijska venska kolateralna cirkulacija u 

MS bolesnika mogla biti kompenzatorni mehanizam za poremećeni venski protok, jer 

premoštava stenozirane vene i na taj način reducira drenažni otpor 
29

. Ova studija je 

utvrdila da je MR venografija pouzdanija u odnosu na vaskularni ultrazvuk za globalni 

prikaz ekstrakranijskog venskog sustava. Upotrebom TOF tehnike ili aplikacijom 

intravenskog kontrasta, globalni intra i ekstrakranijski venski sustav može se 

neinvazivno prikazati što nije pak moguće upotrebom kateter venografije ili 

vaskularnim ultrazvukom (zbog tehničkih nemogućnosti prikaza vene cijelom dužinom 

njenog toka, osobito kolateralnih vena) 
9,24

.    

Rezultati naše MRV studije pokazali su da MS bolesnici imaju trend za veći broj 

kolaterala u odnosu na HC, međutim kolaterale su bile vrlo česte i u ispitanika s 

urednim nalazom vaskularnog ultrazvuka i MR venografije. Također, nismo pronašli 

značajnu razliku u broju kolaterala između MS podskupina, kako na TOF tako i na 

TRICKS sekvenci što je u skladu s našim ranije objavljenim rezultatima 
29

. Međutim, 

našli smo visoku specifičnost za razlikovanje MS bolesnika i HC kao i MS podskupina 

na osnovi broja kolaterala (osobito više od jedne kolaterale) na TOF i TRICKS 

sekvenci. Stoga, mišljenja smo da kolateralne vene vjerojatno predstavljaju fiziološku 

varijaciju venskog sustava koji može služiti kao kompenzatorni mehanizam u slučaju 

stenotičnih promjena većeg broja ekstrakranijskih vena.   

 Nadalje, naša studija je pokazala da se kombinacijom doplerskih i MRV kriterija 

(DS VH IJV, MRV IJV, DS VH kriterij 2 i broj kolaterala) specifičnost za dijagnozu 

CCSVI povećala preko 85% dok je osjetljivost još uvijek ostala na razini 20-30%. S 

druge pak strane, kad smo upotrijebili drukčiju kombinaciju 4 kriterija (DS VH VV, 

MRV VV, DS VH kriterij 2 i broj kolaterala) specifičnost je porasla preko 90%, ali je 
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osjetljivost pala na manje od 10%.  Mala osjetljivost upućuje na zaključak da se samo 

manja ili određena subpopulacija MS bolesnika prezentira s težom patologijom venskog 

sustava. Također, daljnja kvantitativna mjerenja za definiciju venskih abnormalnosti 

poput brzine krvne struje i volumena krvi mjereno vaskularnim ultrazvukom odnosno 

“phase contrast” MRV tehnikom mogla bi povećati osjetljivost za detekciju stupnja 

poremećaja venskog protoka unutar IJV i VV 
30

.  

 U zaključku, usprkos nedostatcima pri usporedbi različitih dijagnostičkih 

tehnika i upotrebi različitih kriterija, rezultati naše studije sugeriraju da MR venografija 

ima komplementarnu vrijednost u odnosu na vaskularni ultrazvuk u prikazu 

ekstrakranijalne venske patologije, iako je DS više osjetljiv za prikaz abnormalnosti 

povezanih s CCSVI dijagnozom. Također, studija je pokazala da multimodalni 

dijagnostički pristup za prikaz stupnja poremećaja ekstrakranijalnog venskog protoka  

može značajno povećati specifičnost za razlikovanje MS bolesnika od zdravih ispitanika 

kao i između MS podskupina.   

 

4.2. Strukturalne i funkcionalne venske abnormalnosti 

 

 U studiji 2 smo istraživali prevalenciju intra i ekstraluminalnih strukturalnih i 

funkcionalnih abnormalnosti unutrašnjih jugularnih vena u bolesnika s multiplom 

sklerozom i kontrolnih ispitanika te vrijednost MR venografije i Doppler ultrazvuka u 

dijagnostici istih.  

Od vremena od kada je prvi put prezentiran široj javnosti CCSVI koncept je izazvao 

brojne kontroverze kako u znanstvenoj javnosti tako i među populacijom MS pacijenata 

14,31-33
. Nijedna od dosada objavljenih studija nije uspjela reproducirati originalne 

rezultate bez obzira na primijenjenu dijagnostičku metodu 
3,5-10,14

. Glavni razlog takvih 

rezultata objašnjavao se činjenicom da se dijagnoza CCSVI-a prvenstveno temelji na 

osnovi rezultata ekstra i transkranijalnog vaskularnog ultrazvuka koji je izrazito 

subjektivna metoda ovisna o iskustvu izvođača. Također, izrazito je teško osigurati  

uvjete slijepog pokusa izvodeći pregled dopler ultrazvukom 
34

.  

Također, vrijednost MR venografije u postavljanju dijagnoze CCSVI još uvijek 

nije istražena 
10,24

. U želji da istražimo koji je tip venskih abnormalnosti najviše 
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zastupljen u sklopu CCSVI koncepta u našoj studiji smo istražili prevalenciju istih 

upotrebom dviju neinvazivnih dijagnostičkih metoda. Venske abnormalnosti smo 

podijelili na strukturalne (intra i ekstraluminalne) te funkcionalne.   

Rezultati vaskularnog ultrazvuka pokazali su prisutnost barem jedne strukturalne venske 

abnormalnosti unutrašnje jugularne vene u značajnom broju MS bolesnika i zdravih 

ispitanika što upućuje na zaključak da su najčešće venske abnormalnosti upravo 

intraluminalnog podrijetla (flap i septumi). Slični rezultati su bili i u pogledu broja 

spomenutih abnormalnosti. 

 Iako se MR venografijom mogu jasno prikazati vene glave i vrata, ona ipak nema 

dovoljnu rezoluciju za prikaz intraluminalnih abnormalnosti što predstavlja jedan od 

najvećih nedostataka pri usporedbi MRV i vaskularnog ultrazvuka 
34

. Obzirom da 

intraluminalne abnormalnosti predstavljaju najčešći tip abnormalnosti u sklopu CCSVI 

koncepta upravo taj nedostatak MRV može objasniti razliku u rezultatima MRV i 

ultrazvučnih studija 
2, 8-10, 15, 25

.  

Prisutnost intraluminalnih abnormalnosti nije korelirala s prisutnošću funkcionalnih 

abnormalnosti ili znakovima signifikantne stenoze. U skladu s tim, rezultati ove naše 

studije upućuju da su i u zdravih ispitanika često zastupljene intraluminalne 

abnormalnosti kao što je već ranije objavljeno 
2,4,7

. Moguće podrijetlo istih može biti 

kongenitalne prirode 
20

, o godinama ovisne promjene ili pak posljedica upalnih procesa 

7
. Upravo stoga su potrebna daljnja istraživanja koja će definirati  predstavljaju li ove 

anomalije patologiju ili su posljedica fizioloških varijacija. Nisu pronađene značajne 

razlike između progresivnih i neprogresivnih MS podskupina što može upućivati da se 

intraluminalne abnormalnosti javljaju kasnije u tijeku bolesti.  

Nismo pronašli razliku u prevalenciji intraluminalnih abnormalnosti između 

progresivnih i neprogresivnih MS pacijenata što upućuje na zaključak da se iste 

pojavljuju u ranijoj fazi bolesti. Međutim, pronašli smo da životna dob progresivnih MS 

bolesnika korelira s prisutnošću intraluminalnih promjena detektiranih vaskularnim 

ultrazvukom. Iako nismo pronašli poveznicu između dobne starosti pacijenata i broja 

intraluminalnih abnormalnosti, kako među zdravim subjektima tako i između MS 

podskupina, ne može se sa sigurnošću isključiti da je prevalencija spomenute venske 

patologije ipak ovisna o životnoj dobi. U nedavno objavljenoj studiji koja je istraživala 
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promjene unutrašnjih jugularnih vena u korelaciji s godinama života u zdravih 

ispitanika pronašli su smanjenje volumena venske drenaže i povećanu prevalenciju 

refluksa u starijih ispitanika 
18

.   

Nadalje pronašli smo veću prevalenciju i broj ekstraluminalnih abnormalnosti u MS 

bolesnika u usporedbi s zdravim kontrolnim subjektima upotrebom vaskularnog 

ultrazvuka kao i u MS progresivnih u odnosu na neprogresivne pacijente.  

Rezultati pak reproducibilnosti sugeriraju da je evaluacija ekstraluminalnih 

abnormalnosti vaskularnim ultrazvukom manje ovisna o izvođaču istog u odnosu na 

druge abnormalnosti.   

Bolesnici s multiplom sklerozom prezentirali su se većom učestalošću i brojem 

funkcionalnih abnormalnosti u odnosu na kontrolne ispitanike na vaskularnom 

ultrazvuku bez razlike između MS podskupina. Najčešća zabilježena abnormalnost bio 

je refluks u obje ispitivane skupine ispitanika, a zatim odsutnost protoka unutar 

unutrašnjih jugularnih vena. Nedavno objavljena studija pronašla je vrlo jaku korelaciju 

između jugularnog refluksa i promjena bijele tvari mozga povezanih s procesom 

starenja 
19

. Daljnja kvantitativna mjerenja su potrebna za jasnije definiranje 

funkcionalnih abnormalnosti poput mjerenja brzine protoka i volumena krvi, 

pouzdanijih parametara za određivanje opstruktivnih poremećaja vena.  

Obzirom da nije bilo moguće razlikovati strukturalne i funkcionalne 

abnormalnosti uočene vaskularnim ultrazvukom upotrebom dviju MRV tehnika, iste 

smo klasificirali kao abnormalnosti protoka uzrokovane intra i ekstraluminalnim 

poremećajima.  Nismo pronašli razliku u morfološkoj skali protoka na MRV-u  između 

MS bolesnika i HC što je u korelaciji s nalazima triju nedavno objavljenih studija na 

manjem broju ispitanika 
8,9,10

. Međutim pronašli smo značajno više abnormalnosti 

protoka u progresivnih u odnosu na neprogresivne MS bolesnika pri izvođenju obje 

MRV tehnike što je u korelaciji s nalazom DS. Jedan od nedostataka naše studije je i 

upotreba konvencionalnih MRV tehnika koje su osjetljivije na pojavu artefakata u 

usporedbi s drugim naprednijim MR tehnikama 
9,35

. Iako nismo koristili kontrastne 

MRV tehnike pri pregledu HC prema uputstvima etičke komisije, pokazali smo visoku 

korelaciju između TOF i TRICKS tehnika kao i u ranijim studijama 
15

.  
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  Pronašli smo trend za veći broj kolateralnih vena u MS bolesnika u odnsou na HC, 

protivno rezultatima naše prijašnje studije
24

. MS bolesnici s većim brojem 

intraluminalnih IJV abnormalnosti protoka na DS prezentirali su se s značajno većim 

brojem kolateralnih vena na obje MRV tehnike u usporedbi s HC. Nismo pronašli 

razliku u odnosu na broj kolaterala između dviju MS skupina. Ovi rezultati upućuju na 

vrlo značajan pronalazak ove studije, a to je da veći broj kolaterala vjerojatno 

predstavlja kompenzatorni mehanizam prisutnosti većeg broja funkcionalnih i 

intraluminalnih abnormalnosti  IJV kao što je već ranije objavljeno 
2,16

. Naša je 

pretpostavka da se kolaterale razvijaju kao posljedica ranije spomenutog 

kompenzatornog mehanizma i da se ekstraluminalne abnormalnosti pojavljuju kad se 

iscrpe njihove kompenzatorne mogućnosti. U prilog ovoj teoriji idu rezultati studije 

Yamuta i suradnika koji su koristili kateter venografiju za prikaz unutrašnjih jugularnih 

vena u 42 MS bolesnika u različitim fazama bolesti (početni stadij, nakon 5 i 10 godina)  

i pronašli da je stenoza ekstrakranijskih vena bila vrlo rijetko prisutna u početku bolesti, 

a da je učestalost istih rasla s dužinom trajanja bolesti 
12

. Htjeli smo također koristiti DS 

za evaluaciju kolaterala, ali obzirom na nemogućnosti vaskularnog ultrazvuka da 

prikaže iste u cijelosti, nismo bili u mogućnosti prikazati ih s 100% sigurnošću. Stoga 

proizlazi zaključak da je MRV pouzdanija tehnika od DS za prikaz kolaterala 

ekstrakranijalnog venskog sustava. U većini slučajeva bila je prisutna i korelacija 

između veličine ipsilateralne IJV i kolateralne vene u smislu da prominentne kolaterale 

prate izraženije stenotične promjene vena. Nismo pronašli razlike u abnormalnom 

protoku vertebralnih vena na DS i MRV između svih ispitivanih skupina što je u skladu 

s rezultatima ranijih studija 
10,24

.  

Nedostatak naše studije je i taj što nismo direktno mjerili venski tlak i protok u 

duralnim venskim sinusima (glavni drenažni put prije ulaska u cervikalni venski sustav) 

kako bi registrirali povišen tlak ili abnormalan uzorak protoka poput refluksa ili 

bidirekcijskog protoka. Međutim, nema dokaza da su pacijenti kojima je učinjena 

radikalna disekcija vrata s jugularnom okluzijom ili pacijenti s trombozom venskog 

sinusa i povišenim intrakranijalnim tlakom ikada razvili demijelinizirajuću bolest 

mozga. 
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Iako se kateter venografija smatra zlatnim standardom u dijagnostici vaskularnih 

struktura ne postoje jasni kriteriji ili smjernice za dijagnozu CCSVI-a putem iste. 

Kateter venografija više predstavlja luminografiju koja daje malo ili uopće ne daje 

podatke o stijenci krvne žile i intraluminalnim strukturama. Prilikom izvođenja iste, 

malformirani zalisci mogu arteficijalno ostati otvoreni prilikom prolaska katetera i na taj 

način spriječiti dokumentiranje stenoze 
34

. Nadalje, riječ je o invazivnoj metodi koja 

zahtijeva izlaganje iradijaciji te naša etička komisija ne bi odobrila upotrebu iste i na 

zdravim ispitanicima.  

Usprkos ograničenjima pri usporedbi dviju različitih dijagnostičkih metoda i 

upotrebi različitih kriterija pronašli smo da konvencionalna MR venografija ima 

ograničenu vrijednost za detekciju ekstrakranijske venske patologije u usporedbi s 

vaskularnim ultrazvukom jer nije u mogućnosti razlučiti između strukturalnih i 

funkcionalnih venskih abnormalnosti. Međutim, MR venografija ima veću osjetljivost u 

prikazu venskih kolaterala.  

 

4.3. Rizični i protektivni faktori u razvoju ekstrakranijaskih venskih 

abnormalnosti 

 

U studiji 3 smo istraživali povezanost demografskih, kliničkih i okolišnih 

rizičnih čimbenika s prisutnošću intra i ekstraluminalnih strukturalnih i funkcionalnih 

abnormalnosti unutrašnjih jugularnih vena u velikoj skupini kontrolnih ispitanika bez 

poznate patologije središnjeg živčanog sustava. Naime, dok je patofiziologija perifernog 

venskog sustava relativno dobro poznata i istražena 
37,38

, još uvijek postoji nedovoljno 

informacija o etiologiji ekstrakranijske venske bolesti. Nedavno objavljene studije 

pretpostavile su da su ekstrakranijske venske abnormalnosti trunkularne geneze, 

odnosno posljedica poremećaja u embrionalnom razvoju, i da su karakterizirane 

prisutnošću intraluminalnih strukturalnih (poput membrana, septa, malformiranih 

zalistaka i dr.) odnosno ekstraluminalnih abnormalnosti (stenoza) 
2,20

. Obzirom da smo 

u našoj prethodnoj studiji 
28

 pronašli prisutnost strukturalnih abnormalnosti unutrašnjih 

jugularnih vena u više od polovice kontrolnih ispitanika te funkcionalnih poremećaja u 

trećine kontrolnih ispitanika, cilj nam je bio istražiti koji su rizični faktori povezani s 
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prisutnošću tih abnormalnosti u velikoj skupini kontrolnih ispitanika bez poznate 

patologije CNS-a. 

     Starija životna dob, ženski spol kao i etnička pripadnost se smatraju najvažnijim 

rizičnim čimbenicima za razvoj venske bolesti općenito 
39-41

. U našoj studiji nismo 

pronašli poveznicu između različitih dobnih skupina, spolova i etničke pripadnosti 

obzirom na prisutnost ranije spomenutih venskih abnormalnosti što je sukladno 

rezultatima naše ranije studije o rizičnim faktorima za razvoj CCSVI.  Nadalje, nismo 

pronašli vezu između prisutnosti funkcionalnih venskih abnormalnosti i ispitivanih 

rizičnih faktora iako su iste pronađene u  više od trećine ispitanika. U 41.3% ispitanika 

pronašli smo refluks u IJV što je u koliziji s ranije objavljenim studijama u kojima je isti 

bio pozitivan u rasponu od 20-40% zdravih ispitanika 
18,42-44.

. U drugoj pak studiji s 

velikim uzorkom zdravih ispitanika 
43

 refluks je bio učestaliji u starijih ispitanika i 

muškoj populaciji što nije bio slučaj u našoj studiji.   

 Jedan od najvažnijih pronalazaka naše studije je da je pozitivna anamneza o 

srčanoj bolesti (kongestivno zatajenje srca, preboljeli infarkt miokarda, valvularna 

bolest, uvećano srce, operacije na srcu, šum srca, aritmija, konstriktivni perikarditis, 

plućna hipertenzija i dr.) značajno povezana s povećanim rizikom za prisutnost 

intraluminalnih strukturalnih abnormalnosti kao i s povećanim brojem istih. Razlog 

tome može biti poremećaj matriksa metaloproteinaze, važnog enzima koji remodelira 

ekstracelularni matriks (kompleks kolagena, elastina, laminina, fibronektina i 

proteoglikana koji podupiru celularne komponente krvnih žila) 
45,46

. U novije vrijeme 

otkriveno je da je upravo taj poremećaj povezan s razvojem ateroskleroze i arterijske 

bolesti kao i s bolestima vena, osobito pojavom varikoziteta 
47

. Hemodinamski 

poremećaji snažno utječu na metabolizam kolagena preko matriks metaloproteinaze što 

može dovesti do remodeliranja stijenke vena i arterija 
48

.  

Također, jedan od vrlo važnih rezultata naše studije je da bolesti srca povećavaju 

rizik za pojavu malformiranih zalistaka za 12.9 puta koji su bili i najčešće zastupljene 

intraluminalne abnormalnosti što je u korelaciji s ranije objavljenim studijama 
2,43,49-52

.   

U konstriktivnom perikarditisu, kod kongestivnog zatajenja srca, regurgitacije 

trikuspidalne valvule i primarne plućne hipertenzije postoji povišen središnji venski tlak  
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koji dovodi do inkompetencije zalistaka unutrašnjih jugularnih vena 
53,54

. Ovi rezultati 

podržavaju hipotezu da je insuficijencija venskih zalistaka stečena bolest i da je 

povezana s venskom hipertenzijom 
51

.   

     Nadalje pronašli smo da ispitanici koji konzumiraju cigarete ili su iste 

konzumirali u prošlosti imaju značajno veću prevalenciju intraluminalnih IJV 

abnormalnosti u usporedbi s nepušačima. Poznato je da je pušenje značajno povezano s 

venskom insuficijencijom donjih ekstremiteta, u skladu s biološkim podatcima i 

fizopatološkim mehanizmima 
55,56

. Naime, prihvaćene su činjenice da je pušenje glavni 

faktor u oksidativnom stresu 
57,58

. Žene koje puše imaju imaju povećan rizik za razvoj 

duboke venske tromboze i posljedično veći rizik za razvoj plućne embolije 
59

. Također, 

u našoj studiji smo pronašli povećan rizik za pojavu malformiranih zalistaka i flapa u 

sadašnjih ili bivših pušača. Potrebna su daljnja istraživanja kako bi se razjasnio točan 

mehanizam odgovoran za štetne učinke duhana na venski sustav.    

Mnogi rizični faktori za kardiovaskularne i trombotske bolesti su povezani s 

prehrambenim navikama i stoga se mogu prevenirati promjenom istih 
60

. 

Makronutrijenti i druge bioaktivne sastavnice hrane utječu na predispozicije za razvoj 

tromboze kao i na puteve hemostaze kroz različite mehanizme. U našoj studiji pronašli 

smo da svakodnevna upotreba određenih dodataka prehrani smanjuje učestalost 

funkcionalnih IJV abnormalnosti.  Poznato je da dijetni režim prehrane ima pozitivan 

učinak na sniženje serumskih lipida koji čine važan dio patofiziologije nastanka 

kardiovaskularnih bolesti. Nadalje, biljni dodatci prehrani imaju široku primjenu u 

konzervativnom tretmanu kronične venske insuficijencije zbog svoje sposobnosti da 

povećaju elastičnost vena i reduciraju njihovu fragilnost i permeabilnost 
61,62

.   

Pozitivna anamneza o preboljeloj infektivnoj mononukleozi pokazala je visoku 

korelaciju s prisutnošću flapa, intraluminalne strukturalne abnormalnosti, što je u skladu 

s rezultatima naše prijašnje studije u kojoj smo našli usku povezanost između pozitivne 

dijagnoze CCSVI i prisutnosti Epstein Barr virusa 
23

.  Ranije studije su pokazale da 

perzistirajuća EBV infekcija u venskoj stijenci može oštetiti endotel vene potičući 

proinflamatorne, prokoagulirajuće i proaterogenetske čimbenike 
63,64

. Međutim, daljnje 

studije su potrebne za istraživanje pravih mehanizama putem kojeg EBV može dovesti 

do nastanka venske tromboze.    
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 U 42.6% ispitanika s pozitivnim funkcionalnim abnormalnostima pronašli smo i 

intraluminalne strukturalne abnormalnosti. Nismo pronašli poveznicu između 

istraživanih rizičnih faktora i ekstraluminalnih ili funkcionalnih abnormalnosti iz čega 

zaključujemo da su funkcionalne i ekstraluminalne abnormalnosti sekundarni efekt 

intraluminalnih strukturalnih abnormalnosti 
28

. 

 Nadalje, rezultati naše studije su u suprotnosti s ranije objavljenom hipotezom 

Lee-a i suradnika 
20

 da su spomenute venske abnormalnosti embrionalne geneze bez 

mogućnosti progresije istih. Naša pretpostavka je da je intraluminalna venska patologija 

vjerojatno stečeno stanje, većinom kao rezultat životnog stila i kardiovaskularnih bolesti 

što naglašava potrebu rane prevencije ekstrakranijalnih rizičnih čimbenika.     

 Zaključno, naša studija je pokazala da postoji uska poveznica između 

intraluminalnih strukturalnih abnormalnosti ekstrakranijskog venskog sustava i 

prisutnosti srčanih bolesti te pozitivne anamneze pušenja.  

 

5. ZAKLJUČCI 

 

Vaskularni ultrazvuk ima veću osjetljivost u prikazu ekstrakranijalne venske 

patologije u odnosu na MR venografiju, ali nema sposobnost za globalni prikaz venskog 

sustava 
34

. Vaskularni ultrazvuk izrazito je subjektivna, i o izvođaču ovisna metoda te 

zahtijeva dugotrajnu obuku rada na istom. MR venografija posjeduje mogućnost prikaza 

kolaterala, a pokazala se kao komplementarna metoda dopler ultrazvuku u 

diferencijaciji progresivnih i neprogresivnih MS bolesnika, ali ne i MS bolesnika i 

kontrolnih ispitanika. Jedan od najvažnijih nalaza je da se specifičnost za dijagnozu 

MS-a u odnosu na pozitivnu CCSVI dijagnozu povećava iznad 90% kad se kombiniraju 

abnormalnosti jugularnih i vertebralnih vena uočenih na dopleru i MR venografiji s 

pozitivnim hemodinamskim kriterijem 2 i nalazom više od jedne kolaterale na MR 

venografiji.  

Intraluminalne strukturalne abnormalnosti predstavljaju većinu ekstrakranijskih 

venskih abnormalnosti s značajno većom prevalencijom istih među MS populacijom u 

odnosu na zdrave ispitanike. MR venografija nema dovoljno veliku rezoluciju za prikaz 

istih za razliku od vaskularnog ultrazvuka. MS pacijenti s većim brojem intraluminalnih 
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IJV abnormalnosti protoka na vaskularnom ultrazvuku imaju veći broj kolateralnih vena 

na obje MRV tehnike u usporedbi s kontrolnim ispitanicima što vjerojatno predstavlja 

kompenzatorni mehanizam prisutnosti većeg broja funkcionalnih i intraluminalnih 

abnormalnosti  unutrašnjih jugularnih vena. Naša je hipoteza da se ekstraluminalne 

abnormalnosti, prvenstveno stenoze vena, pojavljuju kad se iscrpe kompenzatorne 

mogućnosti kolaterala što je u skladu s rezultatima ranijih studija 
12

. 

Obzirom da su intraluminalne strukturalne abnormalnosti veoma zastupljene i 

među zdravom populacijom rezultati naših istraživanja sugeriraju da bi moguće 

podrijetlo istih moglo biti kongenitalne prirode, odnosno promjene povezane sa 

starenjem ili da su pak posljedica upalnih procesa. Ispitanici s pozitivnom anamnezom 

bolesti srca, prekomjernom tjelesnom težinom i pušenjem cigareta imaju signifikantno 

veći broj intraluminalnih strukturalnih venskih abnormalnosti što upućuje na zaključak 

da je veća ekspresija venskih abnormalnosti posljedica rizičnih životnih navika i 

pridruženih bolesti, a ne specifična značajka samo jednog kliničkog entiteta, u ovom 

slučaju multiple skleroze. Međutim, upotreba dijetalnih i biljnih dodataka prehrani u 

razdoblju od tri mjeseca ili više, pokazala je protektivnu ulogu za prisustvo 

funkcionalnih venskih abnormalnosti što pak otvara nove mogućnosti za prevenciju 

nastanka istih.  

                                                                              

 

6. SAŽETAK 

 

Iako je od objave CCSVI teorije prošlo više od 3 godine još uvijek se vode rasprave 

o opravdanosti postojanja samog koncepta u sklopu etiologije MS-a te rizičnosti 

izvođenja endovaskularnih intervencija na ekstrakranijalnim venama. Također, još 

uvijek ne postoji opće prihvaćen stav o optimalnoj dijagnostičkoj metodi koja bi postala 

„zlatni standard“ u dijagnostici ekstrakranijalnih venskih abnormalnosti, a upitna je i 

sama klasifikacija i postojanje venske patologije obzirom da se iste mogu pronaći i u 

zdravoj populaciji.  

Cilj ove doktorske disertacije je pokušati razjasniti može li se kombinacijom dviju 

neinvazivnih dijagnostičkih metoda povećati specifičnost odnosno osjetljivost u 
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dijagnostici venskih abnormalnosti i mogu li one u potpunosti zamijeniti invazivne 

dijagnostičke metode koje predstavljaju mnogo veći rizik za same pacijente. Nadalje, 

razjasniti patofiziologiju ekstrakranijskih venskih abnormalnosti u smislu njihova 

porijekla i prirode promjena koje mogu uzrokovati (funkcionalne i mehaničke) te je li 

postoji veća učestalost istih u bolesnika oboljelih od multiple skleroze u odnosu na 

kontrolne zdrave ispitanike. Naposljetku, cilj disertacije je i odrediti potencijalnu ulogu 

rizičnih i zaštitinih čimbenika za nastanak ekstrakranijske venske patologije u odnosu 

na iste za periferni venski sustav.  

U tu svrhu u prve dvije studije ispitanike su činili MS bolesnici i kontrolni zdravi 

ispitanici, a u trećoj studiji ispitanici bez poznate bolesti centralnog živčanog sustava. U 

svim trima studijama ispitanicima je učinjen pregled vratnih vena vaskularnim 

ultrazvukom, a u prve dvije studije i MR venografija istih. Analizirali smo razliku u  

prevalenciji pozitivne dijagnoze CCSVI među ispitivanim skupinama kao i prisutnost 

ekstrakranijalne venske patologije obzirom na samu prirodu iste, mogućnosti 

neinvazivnih dijagnostičkih metoda za dokaz istih, a po prvi puta smo istražili i moguće 

čimbenike rizika za nastanak istih. 

  Rezultati znanstvenih radova 1 i 2 pokazali su da je prevalencija CCSVI 

dijagnoze među MS bolesnicima značajno manja u odnosu na originalno objavljene 

rezultate pri prvom predstavljanju koncepta. Štoviše, dokazali smo da se ista može 

postaviti i u relativno velikom postotku zdravih ispitanika bez poznate bolesti CNS-a. 

Nadalje, pokazali smo da se kombinacijom rezultata vaskularnog ultrazvuka i MR 

venografije može povećati specifičnost za postavljanje dijagnoze CCSVI što naglašava 

multimodalni pristup u dijagnozi iste. Ustanovili smo da većinu ekstrakranijske venske 

patologije predstavljaju intraluminalne strukturalne abnormalnosti unutrašnjih 

jugularnih vena i da je vaskularni ultrazvuk metoda izbora za detekciju istih koje su u 

većem postotku prisutne u MS bolesnika u odnosu na zdrave ispitanike. MR venografija 

nije pokazala dovoljno veliku osjetljivost za razlikovanje ovih dviju skupina na osnovi 

morfologije protoka unutar unutrašnjih jugularnih vena, ali se pokazala kao superiorna 

metoda za prikaz kolateralne cirkulacije.  
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Na osnovi rezultata treće studije zaključili smo da je veća ekspresija venskih 

abnormalnosti posljedica rizičnih životnih navika i pridruženih bolesti, a ne specifična 

značajka samo jednog kliničkog entiteta, u ovom slučaju multiple skleroze.  

 

Zaključno, dobiveni rezultati će pridonijeti u razumijevanju patofiziologije 

ekstrakranijskih venskih abnormalnosti kao i u odabiru optimalne dijagnostičke metode 

za njihovu detekciju.  

 

 

 

7. SUMMARY 

 

Comparison of magnetic resonance venography and vascular ultrasound in 

diagnosis of chronic cerebrospinal venous insufficiency in patients with multiple 

sclerosis and subjects without neurological disease 

 

Although, it has been more then three years since the original publication of 

CCSVI was published, there is still a great debate about justification of the existence of 

this concept in the etiology of MS, as well as about the risk for performing endovascular 

interventions in extracranial veins. Also, there is still no established diagnostic imaging 

modality that will serve as “gold standard” for detection of extracranial venous 

abnormalities , and also classification and existence of venous pathology is questionable 

by themself, given the fact that the same can be found among healthy populations. 

The goal of this dissertation is to try to clarify whether the combination of the 

two non-invasive diagnostic methods can increase the sensitivity and specificity in the 

diagnosis of extracranial venous abnormalities and whether they can completely replace 

invasive diagnostic methods which represents much higher risk for the patients. 

Furthermore, to clarify the pathophysiology of extracranial venous abnormalities in 

terms of their origin and nature of changes that may cause (functional and mechanical) 

and whether there is a higher incidence of these in patients with MS compared to 

healthy control subjects. Ultimately, the goal of the dissertation is to determine the 
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potential role of risk and protective factors for the development of extracranial venous 

pathology in relation to the same for the peripheral venous system. 

We analyzed the difference in the prevalence of CCSVI positive diagnosis 

between the two groups and the presence of extracranial venous pathology due to its 

nature, the possibilities of non-invasive diagnostic methods for their detection, and for 

the first time we have examined possible risk factors for the occurrence of those 

abnormalities. 

The results of scientific publications 1 and 2 showed that the prevalence of 

CCSVI diagnosis among MS patients is significantly lower compared to the originally 

published results during the first presentation of the concept. Moreover, we showed that  

the same diagnosis can be placed in a relatively large percentage of healthy subjects 

without known disease of central nervous sistem. Furthermore, we demonstrated that 

the combination of the vascular ultrasound and MR venography results may increase 

specificity for the diagnosis of CCSVI emphasizing multimodal approach for its 

diagnosis. We found that most of the extracranial venous pathology represent 

intraluminal structural abnormalities of internal jugular veins with higher prevalence in 

MS patients compared to healthy subjects and that vascular ultrasound represents 

method of choice for their detection. MR venography did not show enough high 

sensitivity to distinguish these two groups based on the flow morphology within the 

internal jugular vein, but it proved to be a superior method for the demonstration of 

collateral circulation. 

Based on the results of the third study, we concluded that the higher expression 

of venous abnormalities in people without CNS pathology is due to risky life habits and 

associated diseases. It is not a specific feature of a single disease entity like, in this case, 

multiple sclerosis. 

In conclusion, the results obtained will greatly help in understanding the 

pathophysiology of extracranial venous abnormalities as well as in the selection of 

optimal diagnostic methods for their detection. 
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Summary

The aim of this study was to investigate whether a com-
bination of Doppler sonography (DS) and magnetic res-
onance venography (MRV) on 3T MRI increases speci-
ficity for detection of chronic cerebrospinal venous in-
sufficiency (CCSVI) in 171 (113 relapsing-remitting, 47
secondary-progressive, 11 primary progressive) pa-
tients with multiple sclerosis (MS) and 79 age- and sex-
matched healthy controls (HCs). One hundred ten
(64.3%) MS patients and 30 (38%) HCs presented ≥2 ve-
nous hemodynamic CCSVI criteria (p<.0001). Both DS
and MRV showed relatively high specificity but lower
sensitivity for determining a CCSVI diagnosis in pa-
tients with MS vs HCs and between MS subgroups. In
MS patients this diagnostic specificity increased to
over 90% by combining internal jugular vein and verte-
bral vein abnormal DS and MRV findings, reflux in deep
cerebral veins and MRV findings of >1 collateral veins. 
This study suggests that a multimodal non-invasive ap-
proach (DS and MRV) increases the specificity for a di-
agnosis of CCSVI in patients with MS.

KEY WORDS: CCSVI, Doppler sonography, healthy controls, MR
venography, multiple sclerosis,  reproducibility, specificity

Introduction

Recently, a condition called chronic cerebrospinal ve-
nous insufficiency (CCSVI) was described in multiple
sclerosis (MS) patients with high frequency (1). It was
postulated that MS is associated with impaired brain ve-
nous drainage due to outflow obstruction in the extracra-
nial venous system, mostly related to anomalies in the in-
ternal jugular veins (IJVs) and azygos vein. Zamboni et
al. (1), using extracranial and transcranial Doppler
sonography (DS) of the neck, established five ultrasound
venous hemodynamic (VH) criteria that were able to dis-
tinguish MS patients from controls with 100% sensitivity
and specificity. Fulfillment of two or more VH criteria was
required to establish a diagnosis of CCSVI (1).
Several recently published studies utilizing DS (2-6),
magnetic resonance venography (MRV) (7-10) and
catheter venography (CV) (11,12) aimed to reproduce
these original findings. They gave variable results (as
regards CCSVI diagnosis) between MS patients and
controls, ranging from no difference to significant differ-
ence, but they all showed a substantially lower preva-
lence of CCSVI than originally reported (1).
One of the main criticisms of the current non-invasive
CCSVI diagnostic approach is that DS is a highly oper-
ator-dependent imaging modality and not easy to blind
in a clinical setting. Also, the assessment of the second
VH criterion (reflux in deep cerebral veins) is controver-
sial because the direction of the blood flow in veins con-
necting cortical with deep veins may vary considerably
as a consequence of the physiological inter-individual
variability of the cerebral venous anatomy (3). Moreover,
the reproducibility of individual VH criteria used for
CCSVI diagnosis is unknown at this time. 
In addition, there are no standard protocols for defining
venous pathology using different imaging techniques,
which underlines the need for a multimodal approach to
the assessment of CCSVI in a larger cohort of MS pa-
tients and controls. If different imaging techniques are
found to show the same findings, this will not only estab-
lish the existence of a venous pathology that differentiates
between MS patients and healthy controls (HCs), but also
define its type. Moreover, the combination of different im-
aging techniques can influence the sensitivity and speci-
ficity of a multimodal approach to the diagnosis of CCSVI.
Against this background, the purpose of our study was
to investigate the frequency of CCSVI in MS patients
and HCs using two non-invasive imaging techniques
(DS and MRV) and to explore whether these techniques
provide complementary information. We also aimed to
identify whether combining the findings from DS and
MRV can increase sensitivity and specificity for a diag-
nosis of CCSVI.

Sensitivity and specificity for screening of chronic
cerebrospinal venous insufficiency using a
multimodal non-invasive imaging approach in
patients with multiple sclerosis
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Materials and methods

Subjects and clinical assessments

This case-control study was approved by the local insti-
tutional review board (IRB) and informed consent was
obtained from all subjects. The study included 171 con-
secutive MS patients and 79 age- and sex-matched HCs
who participated in our recently published Combined
Transcranial and Extracranial Venous Doppler (CTEVD)
study (5) and fulfilled the following inclusion and exclu-
sion criteria. Inclusion criteria for MS patients were: clin-
ically definite MS (13), with a relapsing-remitting (RR),
secondary-progressive (SP) or primary-progressive
(PP) disease course (14); age 18-65 years; Expanded
Disability Status Scale (EDSS) score of 0-6.5 (15), and
a diagnostic evaluation using DS and MRV. Exclusion
criteria were: a borderline finding on DS [borderline be-
ing defined as a case in which one VH criterion is ful-
filled and another VH criterion is not determined for
technical reasons, making a CCSVI diagnosis impossi-
ble (5) – 7 cases were excluded on this basis]; pres-
ence of relapse and steroid treatment in the 30 days
preceding study entry; pre-existing medical conditions
known to be associated with neck pathology; history of
cerebral congenital vascular malformations, cerebral
venous thrombosis, central venous catheter in the IJV;
pregnancy; history of chronic obstructive pulmonary
disease; and arthritic neck (the subject may not be able
to lie flat).

Doppler sonography

Participants underwent extra- and transcranial DS of the
head and neck performed using a color-coded DS scan-
ner (My Lab 25, Esaote-Biosound, Bologna, Italy)

equipped with a 2.5 and 7.5-10 MHz transducer. All sub-
jects were examined first in the supine and then in the
sitting position (0° and 90° respectively) in accordance
with the previously reported CCSVI protocol (1,5). The
following 5 VH parameters indicative of CCSVI were in-
vestigated (Fig.s 1 and 2): 
1) Reflux/bidirectional flow in the IJVs and/or in the ver-
tebral veins (VVs) in sitting and in supine positions (90°
and 0°), defined as flow directed toward the brain for a
duration of >0.88 s; 
2) Reflux/bidirectional flow in the deep cerebral veins
(DCVs), defined as reverse flow for a duration of 0.5 s in
one of the intracranial veins; 
3) B-mode abnormalities or stenoses in IJVs, defined as
cross-sectional areas (CSAs) of this vein ≤0.3 cm2, with
flaps, webs, septa, etc., in the lumen of IJVs, considered
to be B-mode abnormalities significantly disturbing cere-
bral venous outflow; 
4) Flow that is not Doppler-detectable in IJVs and/or
VVs despite multiple deep breaths; 
5) Reverted postural control of the main cerebral venous
outflow pathway determined by measuring the differ-
ence between the CSA of the IJVs in the supine and in
the upright positions. A subject was considered CCSVI-
positive if ≥2 VH criteria were fulfilled, as previously pro-
posed (1). The DS examination was performed by two
trained technologists who were blinded to each subject’s
characteristics, as previously described (5). We consid-
ered using DS for visualizing collaterals; however, be-
cause of technical limits we were not able to evaluate
these consistently. 
In order to test the reproducibility of the CCSVI criteria,
27 subjects (20 MS patients and 7 HCs) were examined
by two Doppler technologists who assessed all the sub-
jects twice over a one-week period in a blinded manner. 

K. Dolic et al.

206 Functional Neurology 2011; 26(4): 205-214 

Figure 1 - Examples of positive Doppler sonography CCSVI criteria: (a) reflux/bidirectional flow directed toward the brain for a duration
of >0.88 s in the supine position in the right internal jugular vein (RIJV); (b) reflux/bidirectional flow in one of the deep cerebral veins
for a duration of 0.5 s; (c) septum intraluminal structural abnormality in the right internal jugular vein causing hemodynamic flow abnor-
mality; (d) no visible flow in the RIJV in the supine position; (e and f) reverted postural control of the RIJV with negative ∆CSA.



Magnetic resonance venography

All the subjects were examined on a 3T GE Signa Excite
HD 12.0 Twin Speed 8-channel scanner (General Elec-
tric, Milwaukee, WI). A multi-channel head and neck coil
manufactured by GE was used to acquire unenhanced
2D time-of-flight (TOF) and enhanced 3D time-resolved
imaging of contrast kinetics (TRICKS) sequences, as
previously described (9). The parameters used for TOF
were: TR/TE 17/4.3 ms (repetition/echo time), flip angle
of 70 degrees, 1.5 mm slice thickness, field of view
(FOV)=220 mm, acquisition matrix 320/192, phase FOV
75%, for an in-plane resolution (IPR) of 0.7 mm x 1.1 mm,
and acquisition in axial scan plane. The parameters used
for TRICKS were: TR/TE 4.2/1.6 ms, flip angle of 30 de-
grees, 2 mm slice thickness, FOV=340 mm, acquisition
matrix 320/192, phase FOV 75%, IPR=1.1 mm x 1.8 mm,
and acquisition in coronal scan plane. Intravenous
gadolinium contrast (Omniscan®, GE Healthcare,
Princeton, NJ) was injected at a rate of 2ml/s using a
pressure injector followed by a 20 ml saline flush. The
total volume of contrast was 20 ml. After acquisition of a
12-second mask (pre-contrast phase), the scanning of
subsequent phases began simultaneously with the intra-
venous injection. The scan protocol consisted of 18
phases of acquisition, each of 5 seconds’ duration. 
Both MS patients and HCs underwent unenhanced TOF
but TRICKS was performed only in the MS patients. The
local IRB did not recommend participation by HCs in the
contrast portion of the MRV study.
Two independent neuroradiologists (DH and KD) exam-
ined all MRI scans. Both readers had access only to the
angiographic series but not to the structural MR images,
and were blinded to the demographics (except date of

birth) and clinical information of all the study subjects.
Scan-rescan MRV reproducibility data were previously
reported (9). 
The flow morphology of the IJVs was assessed on axial
source TOF images, as well as on axial reconstructed
TRICKS images, as previously described (9). We evalu-
ated IJV flow on an ordinal scale ranging from absent
(no visible flow) to ellipsoidal (patent lumen) and defined
five qualitative flow categories: absent, pinpoint, flat-
tened, crescentic and ellipsoidal. Only absent or pin-
point flow of the IJVs was considered to be abnormal
flow (Fig. 3, over). Flow of the VVs was classified as ab-
sent/present (Fig. 2). 
In this study we also assessed the prominence of the
other more important veins in the neck visible on MRV,
as previously described (9). These included the external
jugular veins (EJVs), anterior jugular veins, facial veins,
thyroid veins and deep cervical veins (Fig. 4, over).
Veins were deemed prominent when their diameter was
greater than 5 mm, or greater than 7 mm when consid-
ering the inferior segment of the EJVs (in accordance
with the protocol used previously) (9,16). We evaluated
the presence and number of collateral veins.

Multimodal imaging comparisons

In order to compare abnormal DS IJV and MRV IJV find-
ings we considered only those VH criteria that are relat-
ed to IJV pathology (positive VH criteria 1, 3, 4 and/or 5).
Accordingly, the presence of at least one of the follow-
ing IJV anomalies was taken to constitute an abnormal
IJV exam: for DS, the presence of reflux/bidirectional
flow in both sitting and supine positions, the presence of
B-mode abnormalities (web, flap, membrane, mal-
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Figure 2 - Examples of vertebral vein (VV) flow abnormalities on Doppler sonography and MR venography: (a) no visible flow on axial
2D time-of-flight and (b) enhanced axial 3D time resolved imaging of contrast kinetics in both VVs; (c) no visible flow in the left VV in
upright position on Doppler sonography.
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Figure 4 - Examples of prominent extracranial neck veins (collaterals) on MR venography: (a) prominent anterior jugular veins (both),
(b) prominent left facial vein and (c) prominent deep cervical veins on axial 2D time-of-flight, (d) prominent left external jugular vein
on enhanced 3D time resolved imaging of contrast kinetics sequence.

Figure 3 - Examples of abnormal internal jugular vein (IJV) flow morphology on MR venography and Doppler sonography: (a) absent
flow in left IJV on axial 2D time-of-flight and (b and c) on enhanced 3D time resolved imaging of contrast kinetics, and (d) no flow in
left IJV on Doppler sonography; (e) pinpoint flow morphology in both IJVs on axial 2D time-of-flight and (f and g) on enhanced 3D ti-
me resolved imaging of contrast kinetics images; (h) Doppler sonography shows reduction of lumen and flow in the left IJV and (i)
right IJV.



formed valve, septum), the presence of stenoses, the
absence of detectable flow, and a negative cross-sec-
tional area (∆CSA); for MRV, absent or pinpoint flow.
Similar classification criteria were developed to compare
abnormal DS VV and MRV VV findings. Positive VH cri-
teria 1 and/or 4 (reflux/bidirectional flow and absence of
detectable flow) were taken to constitute abnormal DS
exams, while absence of flow denoted abnormal MRV
(Fig. 2).
We also combined abnormal DS IJV and VV and abnor-
mal MRV IJV and VV findings with reflux in the DCVs
(positive VH criterion 2) and with the number of collater-
al veins to create the best combination of various imag-
ing criteria that could potentially increase the specificity
and sensitivity of the venous pathology findings in MS
patients vs HCs. 

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS, version 17.0). For
statistics between the groups, the t-test, chi-square test
and Mann-Whitney rank sum U-test were used. Preva-
lence rates for each of the five criteria, as well as for dif-
ferent CCSVI status groups, were calculated using the
chi-square test. Reproducibility was calculated using
Cohen’s Kappa and inter-class correlation (ICC) tests.
MS patients were further divided into two groups: MS
non-progressive (RR) and MS progressive patients (SP
and PP). Sensitivity and specificity were determined for
CCSVI diagnosis, individual DS VH criteria, MRV flow
findings and presence and number of collateral veins.
Values were calculated separately for MS patients vs
HCs, as well as progressive vs non-progressive MS pa-
tients. We determined the sensitivity and specificity be-
tween both HCs and MS patients, as well as between
MS subgroups using crosstabs and direct computation
from 2 x 2 contingency tables. 
In order to avoid too many spurious findings due to mul-
tiple comparisons, a nominal p-value <.01 was consid-
ered as significant using two-tailed tests. 

Results

Demographic and clinical characteristics

Table 1 shows the demographic, clinical and treatment
characteristics of the study groups. The mean age of the
MS patients was 44.5 years (SD 10.8), mean disease du-
ration 12.7 years (SD 9.6) and median EDSS score 2.5.
One hundred nineteen (69.6%) MS patients were females.
HCs were age- and sex-matched to the MS patients. As
expected, patients with progressive MS had significantly
higher age and EDSS scores, and a longer disease dura-
tion than non-progressive MS patients (all p<.001). 

CCSVI criteria: reproducibility results

Table 2 (over) shows the scan-rescan reproducibility da-
ta for CCSVI status and individual VH criteria. Positive
CCSVI diagnostic assessment (≥2 fulfilled VH criteria)
showed modest inter-operator agreement (Kappa 0.64).
Assessments of individual VH criteria 2 and 5 showed
low inter-operator agreement (Kappa 0.1 and 0.2, re-
spectively). There was high inter-operator correlation
(ICC, 0.75) for assessment of the number of VH criteria.
The assessment of individual IJV and VV VH criteria al-
so showed modest to high agreement.

CCSVI prevalence rates in the study groups

Table 3 (over) shows the prevalence rates of global and
individual VH criteria indicative of CCSVI between MS
patients and HCs. The prevalence of CCSVI was 64.3%
for MS and 38% for HCs (p<.001), 58.4% for non-pro-
gressive MS patients and 75.9% for progressive MS pa-
tients (p=.017). The prevalence of VH criterion 3 was
highest in progressive MS patients (79.3%), followed by
non-progressive MS patients (63.7%) and HCs (45.6%)
(p<0.001). At least one positive criterion was found in
87.1% of MS patients and 72.7% of HCs.
The ≥1 DS VH IJV criteria prevalence rates were 78.2% for
MS and 54.4% for HCs (p<.001), 74.3% for non progres-
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Table 1 - Demographic and clinical characteristics in multiple sclerosis patients and healthy controls.

MS HCs p NPR-MS PR-MS p
(n=171) (n=79) (n=113) (n=58)

Female gender, n (%) 119 (69.6) 48 (60.8) NS 83 (73.5) 36 (62.1) NS

Age in years, mean (SD) 44.5 (10.8) 43.9 (14.3) NS 41.6 (10.3) 50.4 (9.3) <.001

Age at onset, mean (SD) 31.6 (10.1) – – 32.2 (9.9) 30.6 (10.7) NS

Disease duration, mean (SD) 12.7 (9.6) – – 9.7 (8.2) 18.8 (9.6) <.001

Disease course, n (%)
RR 113 (66.1) – – 113 (100) –
SP 47 (27.5) – – – 47 (81) –
PP 11 (6.4) – – – 11(19) –

EDSS, mean (SD) 3.4 (2.3) – – 2.3 (1.5) 5.9 (1.7) <.001
median 2.5 2.0 6.0

Abbreviations: MS=multiple sclerosis; HCs=healthy controls; RR=relapsing-remitting; PP=primary progressive; SP=secondary pro-
gressive; EDSS=Expanded Disability Status Scale; NS=not significant; NPR=non-progressive; PR=progressive.

Of the 171 MS patients, 121 (70.7%) were on disease-modifying therapy. These included 34 patients on glatiramer acetate, 33 on interferon-beta 1a I.M.,
22 on natalizumab, 20 on interferon-beta 1a S.C. and 12 on combination therapy. The differences between the study groups were tested using the chi-
square test, Student’s t-test and Mann-Whitney rank sum test.



sive MS patients, and 84.5% for progressive MS patients
(p=.06). There was no significant difference in the preva-
lence of ≥1 DS VH VV criteria between the study groups. 

MRV findings in the internal jugular and vertebral
veins

Table 4 shows MRV findings of IJV flow morphology in
MS patients and HCs on TOF and TRICKS. No significant

differences were found on the IJV flow morphology scale
between MS patients and HCs (p=.192), but there were
significant differences between MS progressive and MS
non-progressive patients on TOF (p=.01) and TRICKS
(p=.003). IJV flow abnormalities were detected in 32.2%
of MS patients and 24.1% of HCs on TOF (Table 5). 
Absent VV flow was found in 17.7% of HCs and in
13.5% of MS patients on TOF (p=.242); however, absent
VV flow was found more in progressive MS patients
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Table 2 - Intra- and inter-rater reproducibility of CCSVI criteria on Doppler sonography between two trained operators in 20
MS patients and 7 healthy controls.

Categoric variables
Operator 1 Operator 2 Operator 1 vs operator 2 

Agreement (%) Kappa Agreement (%) Kappa Agreement (%) Kappa 

≥2 VH criteria 82.6 0.620 66.7 0.341 83.3 0.640
≥1 VH criteria 100 1 85.7 0.577 88.9 0.600
≥1 VH IJV criteria 95.6 0.893 63.6 0.170 78.9 0.513
≥1 VH VV criteria 95.6 0.862 95.2 0.889 88.9 0.753
VH criterion 1 100 1 100 1 100 N/A
VH criterion 2 86.95 0.732 81 0.538 50 0.110
VH criterion 3 100 0.911 66.7 0.310 77.8 0.538
VH criterion 4 91.3 0.744 85.7 0.690 83.3 0.649
VH criterion 5 78.3 0.493 76.2 0.146 77.8 0.200

Numeric variables ICC ICC ICC
Number VH criteria – 0.740 – 0.562 – 0.745
Number VH IJV criteria – 0.803 – 0.447 – 0.541
Number VH VV criteria – 0.867 – 0.894 – 0.764

Abbreviations: ICC=inter-class correlation; VH=venous hemodynamic; IJV=internal jugular vein; VV=vertebral vein.

Intra- and inter-rater reproducibility was calculated using Cohen’s Kappa and inter-class correlation tests.

Table 3 - Prevalence, sensitivity and specificity of global and individual venous hemodynamic criteria in MS patients and
healthy controls.

HCs MS pa Specificity NPR-MS PR-MS pb Specificity
(n=79) (n=171) (n=113) (n=58)

VH criterion 6 (7.6) 47 (27.5) < .001 92.4% 32 (28.3) 15 (25.9) .44 71.7%
1, n (%)

VH criterion 27 (34.2) 89 (52) .006 65.8% 56 (49.6) 33 (56.9) .23 50.1%
2, n (%)

VH criterion 36 (45.6) 118 (69) < .001 54.4% 72 (63.7) 46 (79.3) .026 36.3%
3, n (%)

VH criterion 15 (19) 37 (21.6) .382 81% 21 (18.6) 16 (27.6) .124 81.4%
4, n (%)

VH criterion 8 (10.1) 31 (18.1) .073 89.9% 15 (13.3) 16 (27.6) .02 86.7%
5, n (%)
≥2 VH 30 (38) 110 (64.3) < .001 86.8% 66 (58.4) 44 (75.9) .017 61.1%

criteria, n (%)
≥1 VH 57 (72.7) 149 (87.1) .004 27.8% 94 (83.2) 55 (94.8) .023 16.8%

criteria, n (%)
≥1 VH IJV 43 (54.4) 133 (87.1) < .001 45.6% 84 (74.3) 49 (84.5) .06 25.7%

criteria, n (%)
≥1 VH VV 12 (15.2) 24 (14.1) .481 84.8% 16 (14.2) 8 (13.8) .592 85.8%

criteria, n (%)  

Abbreviations: MS=multiple sclerosis patients; HCs=healthy controls; NPR=non-progressive; PR=progressive; VH=venous hemody-
namic.
a p-value for chi-square test represents comparison between HCs and MS; b p-value for chi-square test represents comparison between non-progressive
and progressive MS patients. The sensitivity of MS vs HCs and NPR-MS vs PR-MS is represented in italics.



(24.1%, p=.004 on TOF; and 12.1%, p=.044 on
TRICKS) than in non-progressive patients (Table 5). 

Collateral veins: MRV findings

Table 5 shows the presence and number of collateral veins
in MS patients and HCs. No significant differences were
found in the presence of collaterals between MS patients
(91.8%) and HCs (89.8%) on TOF, or between MS non-
progressive (91.2%) and progressive patients (93.1%).
The TRICKS sequence also showed no difference in the
presence of collaterals between MS subgroups. There
was a trend toward a higher mean number of collateral
veins in MS patients compared to HCs on TOF (2.1 vs 1.8,
p=.05). There was also a trend toward a higher number of

collaterals on the right side in the MS patients than in the
HCs (p=.037). No differences in number of collateral veins
were found between progressive and non-progressive MS
patients on TOF (p=.679) or TRICKS (p=.886). 

Multimodal imaging findings 

The presence of ≥2 positive DS VH criteria indicative of
CCSVI showed acceptable sensitivity (64.3%) and high
specificity (86.8%) for MS vs HCs, as well as between
MS subgroups (sensitivity 75.9% and specificity 61.1%)
(Table 3). Individual DS VH criteria 1 (92.4%), 4 (81%)
and 5 (89.9%) and ≥1 DS VH VV criteria (84.8%)
showed the highest specificity for distinguishing MS vs
HCs, as well as progressive vs non-progressive MS pa-
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Table 4 - Flow morphology of internal jugular veins in multiple sclerosis patients and healthy controls on 2D time-of-flight
venography and 3D time resolved imaging of contrast kinetics.

TOF TOF TOF TOF TRICKS TRICKS

Morphology Score
HCs MS NPR-MS PR-MS NPR-MS PR-MS

(n=79) (n=171) (n=113) (n=58) (n=113) (n=58)

Absent, n (%) 7 (8.9) 24 (14) 11 (9.7) 13 (22.4) 5 (4.4) 6 (10.7)

Pinpoint, n (%) 15 (19) 30 (17.5) 16 (14.2) 14 (24.1) 18 (15.9) 19 (33.9)

Flattened, n (%) 24 (30.4) 54 (31.6) 38 (33.6) 16 (27.6) 39 (34.5) 16 (28.6)

Crescentic, n (%) 3 (3.8) 2 (1.2) 2 (1.8) 0 (0) 2 (1.8) 2 (3.4)

Ellipsoidal, n (%) 30 (38) 61 (35.7) 46 (40.7) 15 (25.9) 45 (39.8) 15 (26.8)

p=.192 p=.01 p=.003

Abbreviations: MS=multiple sclerosis patients; HCs=healthy controls; NPR=non-progressive; PR=progressive; TOF=time-of-flight
venography; TRICKS=time resolved imaging of contrast kinetics; n=number.

The differences on the ordinal morphological flow scale between the study groups were evaluated using the Mann-Whitney rank sum test.

Table 5 - Prevalence, sensitivity and specificity of extracranial vein flow abnormality in multiple sclerosis patients and healthy
controls on 2D time-of-flight venography and 3D time resolved imaging of contrast kinetics.

TOF TOF p Speci- TOF TOF p Speci- TRICKS TRICKS p Speci-
ficity ficity ficity

HCs MS NPR-MS PR-MS NPR-MS PR-MS
(n=79) (n=171) (n=113) (n=58) (n=113) (n=58)

Abnormal IJV 19 (24.1) 55 (32.2) .123 75.9% 29 (25.7) 26 (44.8) .009 74.3% 23 (22.1) 25 (44.6) .003 77.9%
flow, n (%)

Absent VV 14 (17.7) 23 (13.5) .242 82.3% 9 (8) 14 (24.1) .004 92% 4 (3.8) 7 (12.1) .044 96.2%
flow, n (%)

Presence of 72 (91.1) 156 (91.2) .576 8.9% 103 (91.2) 54 (93.1) .602 8.8% 92 (88.5) 50 (89.3) .55 11.5%
collaterals, n (%)

1 collateral 24 (30.4) 40 (23.4) 69.6% 27 (23.9) 13 (22.4) 76.1% 24 (21.2) 15 (25.9) 73.9%
2 collaterals 30 (38) 59 (34.5) 62% 40 (35.4) 19 (32.8) 32.8% 33 (29.2) 15 (25.9) 64.1%
3 collaterals 12 (15.2) 37 (21.6) 84.8% 19 (16.8) 18 (31) 83.2% 19 (16.8) 16 (27.6) 79.3%
≥4 collaterals 5 (6.3) 21 (12.3) 93.7% 17 (15) 4 (6.9) 85% 16 (14.2) 4 (6.9) 82.6%

Number of
collaterals, 1.8 (1.1) 2.1 (1.2) .05 2.1 (1.3) 2.1 (1.2) .679 2.1 (1.4) 2.1 (1.3) .783
mean (SD)

Abbreviations: MS=multiple sclerosis patients; HCs=healthy controls; NPR=non-progressive; PR=progressive; TOF=time-of-flight
venography; TRICKS=time resolved imaging of contrast kinetics; n=number.

The frequency differences between the study groups were tested using the chi-square test, whereas the number of collaterals was tested using the Mann-
Whitney rank sum test. Sensitivity of MS vs HCs and NPR-MS vs PR-MS is represented in italics.



tients. When the presence of ≥1 DS VH criteria was
used to assess venous pathology in MS vs HCs, there
emerged a high sensitivity for patients with MS (87.1%),
but the specificity was low (27.8%). This pattern was al-
so seen for progressive vs non-progressive MS patients
(sensitivity of 94.8% vs specificity of 16.8%). 
Although we did not find significant differences between
MS patients and HCs regarding abnormal MRV IJV flow,
MRV did show high diagnostic specificity in MS patients
vs HCs on TOF (75.9%), as well as for distinguishing be-
tween progressive vs non-progressive MS patients on
TOF (74.3%) and TRICKS (77.9%). The presence of ab-
normal MRV VV flow and the presence of collaterals
showed even higher specificity. The presence of ≥4 col-
lateral veins showed the highest diagnostic specificity
for MS patients (Table 5).
When we combined ≥1 DS VH VV criteria and abnormal
MRV VV flow, we found a high diagnostic specificity
(92.4%) for MS patients vs HCs and for progressive vs
non-progressive MS patients (92%) (Table 6). Specifici-
ty increased substantially when ≥1 DS VH IJV criteria
were combined with abnormal MRV IJV flow criteria
(84.8% for MS vs HCs and 76.1% for progressive vs
non-progressive MS patients). 
The combination of abnormal MRV IJV flow and DS VH
criterion 2 and ≥1 collaterals also yielded high specifici-
ty for MS vs HCs (91.1%) and between MS subgroups
(83.6%), while combining ≥1 DS VH VV criteria and DS
VH criterion 2 and >1 collaterals gave even higher
specificity. The highest sensitivity (38.6%) for MS was
achieved by combining ≥1 DS VH IJV criteria and DS
VH criterion 2 and >1 collaterals (Table 6).

Discussion

This study investigated the sensitivity and specificity of
two non-invasive imaging techniques for the screening
of CCSVI in a large cohort of MS patients and HCs. We
found that ≥2 DS VH criteria showed high specificity, but
lower sensitivity, for determining a CCSVI diagnosis in
MS patients vs HCs and between MS subgroups. Indi-

vidual VH criteria 1, 4 and 5 showed high specificity for
distinguishing MS patients from HCs, but also lower
sensitivity. Although MRV did not show significant differ-
ences on the flow morphology scale between MS pa-
tients and HCs, it showed high specificity, but low sensi-
tivity, for distinguishing MS patients from HCs and pro-
gressive from non-progressive MS patients, based on
abnormal venous flow. Nevertheless, MRV was comple-
mentary to DS in differentiating progressive from non-
progressive MS patients and in showing collaterals. Ab-
normal VV findings on DS and MRV showed very high
specificity for distinguishing MS patients vs HCs, as did
the presence of >1 collaterals on MRV, but again with
low sensitivity. Most importantly, diagnostic specificity
for MS patients increased to over 90% when we com-
bined IJV and VV abnormal DS and MRV findings with
positive VH criterion 2 and >1 collaterals on MRV. 
From a diagnostic standpoint, one of the main criticisms
of the DS criteria for CCSVI diagnosis is that these cri-
teria are operator-dependent (5,17,18). A previous study
showed that reproducibility of the CCSVI diagnostic cri-
teria depends on training level (17). We recently showed
modest to high intrarater agreement for establishing a
CCSVI diagnosis (5). In order to provide more evidence
for reproducibility of individual IJV/VV VH criteria, 20 MS
patients and 7 HCs were examined one week apart by
two blinded and previously trained Doppler technolo-
gists. We showed modest to high inter-rater agreement
for determining a CCSVI diagnosis, as well as for the ful-
fillment of ≥1 individual DS IJV/VV VH criteria. Of the in-
dividual DS VH criteria, the most reproducible were cri-
teria 1, 3 and 4, while criteria 2 and 5 were less repro-
ducible. These findings suggest that global DS VH crite-
ria for determining CCSVI diagnosis are more repro-
ducible than individual VH criteria. Therefore, although
the DS CCSVI protocol requires appropriate training be-
fore it can be applied (5,17,19), the inter-rater repro-
ducibility data from the present study support its use in
multi-center studies and for possible diagnostic purposes. 
In the present study, 64.3% of MS patients and 38% of
HCs presented with ≥2 VH criteria and were classified
as having CCSVI. CCSVI prevalence in MS patients and
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Table 6 - Prevalence, sensitivity and specificity of multimodal venous hemodynamic criteria in MS patients and healthy con-
trols that showed the highest specificity values.

Mutimodal combination of criteria Sensitivity Specificity Sensitivity Specificity
MS vs HCs MS vs HCs NPR-MS vs PR-MS NPR-MS vs PR-MS

≥1 DS VH IJV criteria and
abnormal MRV IJV flow

28.7%
84.8%

37.9% 76.1%

≥1 DS VH VV criteria and
abnormal MRV VV flow

29%
92.4%

24.1% 92%

≥1 DS VH IJV criteria and DS VH
criterion 2 and > 1 collaterals

38.6%
81%

43.1% 63.7%

Abnormal MRV IJV flow and DS VH
criterion 2 and > 1 collaterals

16.4%
91.1%

16.4% 83.6%

≥1 DS VH VV criteria and DS VH
criterion 2 and > 1 collaterals

6.4%
94.9%

5.2% 92.9%

Abnormal MRV VV flow and DS
VH criterion 2 and > 1 collaterals

5.2%
94.8%

12.1% 99.1%

Abbreviations: MS=multiple sclerosis patients; HCs=healthy controls; NPR=non-progressive; PR=progressive; VH=venous hemody-
namic.



HCs was somewhat higher than reported in our recent-
ly published CTEVD study (5), but substantially lower
than originally reported (for MS patients) (1). One of the
exclusion criteria in the present study was a borderline
finding on DS, which could have contributed to higher
prevalence in the study groups. The main reason for ex-
clusion of the 7 cases that were originally part of the
CTEVD study (5) and presented with a borderline DS
exam was comparison with MRV (we did not have a bor-
derline category for MRV). The most common VH crite-
rion in both MS patients and HCs was VH criterion 3, as
in our previous study (5), which represents proximal IJV
stenosis due to intraluminal abnormalities (9,10). This is
also in line with our previous work where we found that
the most frequent venous abnormalities in the IJVs, in-
dicative of CCSVI, are of intraluminal origin (19). In ad-
dition, we found more MS patients fulfilling ≥1 DS IJV
VH criteria, compared with HCs. This finding suggests
that most of the venous abnormalities are localized at
the IJV level. Without recourse to invasive CV exams, it
is difficult to establish how much azygos vein pathology
contributes to the CCSVI diagnosis (1,20). However, our
VH findings in the VVs did not show a difference be-
tween the study groups.
Sensitivity and specificity data for diagnosing CCSVI with
DS were substantially lower compared to the initial
CCSVI study (1), but in line with our previous study (5).
Although DS showed lower sensitivity, the specificity for
distinguishing MS patients vs HCs was rather high when
considering ≥2 positive VH criteria, and individual VH cri-
teria 1, 4 and 5. The most common VH criterion both in
MS patients and in HCs, as well as in the MS subgroups,
was VH criterion 3, but it showed the lowest specificity in
all groups. We did not use Quality Doppler Profile tech-
nology for detection of DS VH criterion 2 due to the inabil-
ity of our DS scanner. This could have influenced the sen-
sitivity and specificity results in relation to DS VH criteri-
on 2 found in the present study. Specificity and sensitivi-
ty for differentiating progressive vs non-progressive MS
patients based on individual DS VH criteria and CCSVI
diagnosis were lower than the values for MS vs HCs.
In contrast to DS, MRV showed abnormal IJV flow mor-
phology in only 32.2% of the MS subjects and 24.1% of
the HCs, which is in line with several recently published
small-scale MRV venous flow studies (7-9). In our previ-
ous study (9), we investigated the potential value of
MRV for assessing morphology of the extracranial ve-
nous system in 57 patients with MS and 21 HCs, and
found no difference between the study groups. Wattjes
et al., in a group of 20 patients with definite MS and 20
age- and sex-matched HCs, analyzed intracranial and
extracranial neck veins for stenosis/occlusion and alter-
native venous drainage patterns, and found no differ-
ence in the prevalence of venous stenoses between the
MS patients and HCs (8). In another study, IJV outflow
and reflux were studied in 21 MS patients and 20 HCs,
and no differences between the study groups were
found (7). Similarly, in our recent work that included 150
MS patients and 63 age- and sex-matched HCs, we did
not find significant differences on the morphological flow
MRV scale between MS patients and HCs (19). Despite
the fact that head and neck veins are clearly shown us-
ing MRV, this technique does not have the resolution to
visualize intraluminal abnormalities and it lacks dy-
namism in real time. These are the main limitations

when comparing MRV with DS, as discussed in a recent
multimodal diagnostic study (10). Given that intraluminal
abnormalities are the most frequent type of venous ab-
normality in the CCSVI criteria (1,5,6,10,19), this may
further explain the discrepant results between DS (1,10)
and MRV studies. However, MRV can detect the extra-
luminal abnormalities represented by stenoses, as
shown in our recent work (19). 
In the present study, significantly more progressive than
non-progressive MS patients presented with MRV flow
morphology abnormalities on both TOF and TRICKS.
There also emerged a trend toward higher CCSVI preva-
lence on DS in progressive vs non-progressive MS pa-
tients, and toward higher prevalence of ≥1 DS VH IJV cri-
teria in progressive MS patients. These findings suggest
that progressive MS patients present with more MRV and
DS venous abnormalities in their IJVs than non-progres-
sive MS patients. This is also in line with a recent study
that found significantly more extraluminal DS abnormali-
ties and more flow abnormalities on MRV in progressive
than in non-progressive MS patients (19). Further studies
need to investigate whether age (progressive MS pa-
tients are generally older) or disease duration can influ-
ence the prevalence of IJV abnormalities in MS patients,
as has been recently shown in elderly HCs (21,22). 
Regarding sensitivity and specificity, MRV data showed
high specificity for diagnosis of MS based on MRV ab-
normal IJV flow on TOF, as well between MS subgroups
on TOF and TRICKS sequences. These findings sug-
gest that MRV should be used as a complementary non-
invasive screening tool to DS for diagnosing CCSVI, de-
spite its lower sensitivity. 
Zamboni et al. (23) proposed that extracranial venous
collateral circulation in MS patients is a compensatory
mechanism for impaired venous outflow, because it by-
passes blocked veins and thereby reduces resistance to
drainage. The present study established that MRV is
more accurate than DS for obtaining a global view of the
extracranial venous system. Using the TOF technique or
administering intravenous contrast in the cubital vein,
the global intra- and extracranial venous system can be
shown non-invasively, which is not possible with CV (in-
vasive technique) or DS (technical inability to follow the
complete course of the collateral vein) (8,9). On MRV,
we found that MS subjects, compared with HCs, showed
a trend toward more collaterals, but collaterals were al-
so very frequent in subjects with normal DS or MRV
findings. In addition, we did not find a significant differ-
ence in the number of collaterals between non-progres-
sive and progressive MS patients, either on the TOF or
the TRICKS images, which is in line with our recent
study (19). However, we found high specificity for distin-
guishing MS vs HCs and MS subgroups based on the
number of collaterals (especially >1 collaterals) on TOF
and TRICKS. Therefore, collateral veins probably repre-
sent physiological variations of the venous system that
may play a compensatory role when there are more ve-
nous extracranial stenoses present. 
One of the main study aims was to investigate whether
the sensitivity and specificity for MS would increase by
combining the DS and MRV IJV and VV abnormal find-
ings with the presence of DS VH criterion 2 (DCV reflux)
and number of collaterals. Overall, our findings show
that combination of all 4 criteria (DS VH IJV, MRV IJV,
DS VH criterion 2 and number of collaterals) yielded

CCSVI and diagnostic techniques
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specificity of over 85% while the sensitivity still remained
between 20% and 30%. On the other hand, when we
used a different combination of 4 criteria (DS VH VV,
MRV VV, DS VH criterion 2 and number of collaterals)
specificity was over 90% but the sensitivity dropped to
less than 10%. Low sensitivity indicates that only a sub-
population of MS patients presents with a severe ve-
nous pathology. In addition, more quantitative measures
for definition of venous abnormalities, such as blood
flow velocity and blood volume flow on DS as well as on
phase-contrast MRV could probably increase the sensi-
tivity for assessing the degree of venous outflow ob-
struction in the IJVs and VVs. Future studies should al-
so investigate whether impairment on cerebrospinal flu-
id hemodynamic MRI measures may increase the sen-
sitivity and specificity of the CCSVI criteria (24). 
In conclusion, despite the limitations in comparing differ-
ent imaging techniques and the use of different imaging
criteria, this study suggests that conventional MRV has
complementary value for detection of extracranial ve-
nous anomalies, although DS is more sensitive in identi-
fying venous abnormalities related to CCSVI in MS pa-
tients vs HCs. The study showed that use of a multi-
modal approach for determining the degree of extracra-
nial venous impairment may substantially increase speci-
ficity in distinguishing MS patients from HCs, as well as
between progressive vs non-progressive MS subgroups. 
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BACKGROUND AND PURPOSE: Chronic cerebrospinal venous insufficiency (CCSVI) is a vascular con-
dition characterized by anomalies of the main extracranial cerebrospinal venous routes that interfere
with normal venous outflow. Research into CCSVI will determine its sensitivity and specificity for a
diagnosis of MS, its prevalence in MS patients, and its clinical, MRI, and genetic correlates. Our aim
was to investigate the prevalence and number of intra- and extraluminal structural and functional
extracranial venous abnormalities by using DS and MRV, in patients with MS and HCs.

MATERIALS AND METHODS: One hundred fifty patients with MS, 104 (69.3%) with RR and 46 (30.7%)
with a progressive MS course, and 63 age- and sex-matched HCs were scanned with 3T MR imaging
by using TOF and TRICKS sequences (only patients with MS). All subjects underwent DS examination
for intra- and extraluminal structural and functional abnormalities of the IJVs. Absent/pinpoint IJV flow
morphology on MRV was considered an abnormal finding. Prominence of collateral extracranial veins
was assessed with MRV.

RESULTS: Patients with MS had a significantly higher number of functional (P � .0001), total (P �
.001), and intraluminal (P � .005) structural IJV DS abnormalities than HCs. There was a trend for more
patients with MS with extraluminal IJV DS abnormalities (P � .023). No significant differences were
found on the MRV IJV flow morphology scale between patients with MS and HCs. Patients with
progressive MS showed more extraluminal IJV DS abnormalities (P � .01) and more MRV flow
abnormalities on TOF (P � .006) and TRICKS (P � .01) than patients with nonprogressive MS. There
was a trend for a higher number of collateral veins in patients with MS than in HCs (P � .016).

CONCLUSIONS: DS is more sensitive than MRV in detecting intraluminal structural and functional
venous abnormalities in patients with MS compared with HCs, whereas MRV is more sensitive in
showing collaterals.

ABBREVIATIONS: CCSVI � chronic cerebrospinal venous insufficiency; CV � catheter venography;
DS � Doppler sonography; EDSS � Expanded Disability Status Scale; Gd � gadolinium; HC �
healthy control; ICC � interclass correlation coefficient; IJV � internal jugular vein; MRV � MR
venography; PP � primary-progressive; RR � relapsing-remitting; SP � secondary-progressive;
TOF � time-of-flight; TRICKS � time-resolved imaging of contrast kinetics; VV � vertebral veins

MS is an autoimmune disease of the CNS that is a result of
interaction between genetic, environmental, and infec-

tious factors.1-4 Recently, a condition called CCSVI was found
with high frequency in patients with MS.5 CCSVI presupposes
that MS is associated with impaired venous drainage from
the brain to the periphery due to venous anomalies in major
extracranial neck and azygos veins.5

Recent studies by using extra- and transcranial DS,6-10

phase-contrast and contrast-enhanced MRV,11-13 or CV14,15

failed to confirm the high frequency of abnormal cerebral ve-
nous outflow in patients with MS versus HCs, as originally
reported.5

Previous CV studies in MS5,14-16 proposed that the ex-
tracranial venous anomalies are likely to be truncular venous
malformations characterized by intraluminal defects (such as
flaps, webs, septa, membranes, and malformed valves) or by
extraluminal abnormalities represented by stenoses of the
venous wall.

Therefore, in this study, we aimed to define the frequency
of those venous abnormalities in patients with MS and HCs by
using 2 noninvasive imaging techniques (DS and MRV).

Materials and Methods

Subjects and Clinical Assessments
The case-control prospective study included 150 consecutive patients

with MS and 63 age- and sex-matched HCs who participated in the

combined transcranial and extracranial venous Doppler study and

fulfilled inclusion and exclusion criteria.6 The study started in April

2009 and is still enrolling subjects. Inclusion criteria for patients with

Received June 27, 2011; accepted after revision July 25.

From the Buffalo Neuroimaging Analysis Center (K.D., K.M., V.V., M.G.D., E.C., C.K., C.B.,
C.K., K.H., R.Z.), State University of New York, Buffalo, New York; and The Jacobs
Neurological Institute (Y.K., D.H., B.W.-G, R.Z.), Department of Neurology, and Department
of Neurosurgery (Y.K., A.H.S.), School of Medicine and Biomedical Sciences, Millard
Fillmore Gates Hospital, Kaleida Health, University at Buffalo, State University of New
York, Buffalo, New York.

Please address correspondence to Robert Zivadinov, MD, PhD, FAAN, Department of
Neurology, School of Medicine and Biomedical Sciences, Buffalo Neuroimaging Analysis
Center, 100 High St, Buffalo, NY 14203; e-mail: zivadinov@hotmail.com

Indicates open access to non-subscribers at www.ajnr.org

Indicates article with supplemental on-line tables.

http://dx.doi.org/10.3174/ajnr.A2877

16 Dolic � AJNR 33 � Jan 2012 � www.ajnr.org



MS were clinically definite MS,17 RR-, SP-, and PPMS disease

course18; 18 – 65 years of age; an EDSS score from 0 to 6.519; and

diagnostic evaluation for extracranial venous anomalies by using DS

and MRV examinations. Exclusion criteria were occurrence of relapse

and steroid treatment in the 30 days preceding study entry, pre-exist-

ing medical conditions known to be associated with neck pathology,

history of cerebral congenital vascular malformations, pregnancy,

contraindication for receiving Gd-based contrast agents in patients

with MS, history of chronic obstructive pulmonary disease, and ar-

thritic necks (may not be able to lie flat).6 The study was approved by

the local institutional review board, and informed consent was ob-

tained from all subjects.

DS
Participants underwent extracranial DS of the neck. A color-coded

DS scanner (MyLab 25; Esaote-Biosound, Irvine, California) equipped

with a 7.5- to 10-Mhz transducer was used to examine venous return

in the IJVs and VVs. All subjects were examined first in the supine and

then in the sitting position (0° and 90°). The DS examination was

performed by 2 trained technologists who were blinded to subjects’

characteristics, as previously described.6

The IJV abnormalities were divided into 3 subcategories (Figs 1–3):

intraluminal structural (web, flap, septa, membrane, and malformed

valve), extraluminal structural (stenosis and annulus), and functional

abnormalities (presence of reflux/bidirectional flow, paradox, and no

flow). The proposed classification and description of these abnormal-

ities are given in Table 1.

Absence of detectable flow in VVs was considered abnormal and

was compared with abnormal findings of VV on MRV.

To test the intra- and inter-rater reproducibility of the intra-,

extraluminal, and functional venous abnormalities, 32 subjects (20

patients with MS, 7 HCs, and 5 controls with other neurologic dis-

eases) were examined by 2 Doppler technicians who assessed all sub-

jects twice during a 1-week period in a blinded manner.6

All DS examinations were double-checked and confirmed by 2

independent neuroradiologists in a blinded manner (D.H. and K.D.).

MRV
All patients with MS and HCs underwent unenhanced 2D-TOF and

enhanced 3D-TRICKS sequences (in patients with MS) on 3T MR

imaging (Figs 1 and 3). The participation of the HCs in the contrast

portion of the MRV protocol was not recommended by our institu-

tional review board.

MRV Acquisition Protocol
All subjects were examined on a 3T Signa Excite HD 12.0 TwinSpeed

8-channel scanner (GE Healthcare, Milwaukee, Wisconsin), with

a maximum slew rate of 150T/m/s and a maximum gradient am-

plitude in each orthogonal plane of 50 mT/m (zoom mode). A

multichannel head and neck coil manufactured by GE Healthcare

was used to acquire the following sequences: TOF and TRICKS MRV.

The parameters used for TOF were the following: TR/TE, 17/4.3 ms;

flip angle, 70°; 1.5-mm section thickness; acquisition matrix, 320/192;

and acquisition in the axial scan plane. The parameters used for

TRICKS were the following: TR/TE, 4.2/1.6 ms; flip angle, 30°;

2-mm section thickness; acquisition matrix, 320/192; and acquisi-

tion in the coronal scan plane. Intravenous Gd contrast was injected

at a rate of 2 mL/s by using a pressure injector. The total volume

of contrast was 20 mL. The scan protocol consisted of 18 phases of

acquisition, each of 5 seconds’ duration. The MR images were ob-

tained from the level of the confluens sinuum to the level of the

aortic arch.

The MRV analysis protocol has been previously described in detail.13

Briefly, the flow morphology of the IJVs was assessed on axial source TOF

Fig 1. Intraluminal (septum, A ) structural abnormality in the right IJV causing significant reflux/bidirectional flow directed toward the brain for a duration of �0.88 seconds in both the
supine and sitting positions (B ), as detected by using DS, in a 33-year-old woman with RRMS with 2 years of disease duration and minimal disability (EDSS score, 1.0). 2D TOF (C ) and
enhanced 3D TRICKS (D and E ) sequences show normal flow morphology.
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images as well as on axial reconstructed TRICKS sections. The flow was

evaluated on an ordinal scale ranging from absent (no visible flow) to

ellipsoidal (patent lumen). We assigned 5 qualitative flow-morphology

categories: absent, pinpoint, flattened, crescentic, and ellipsoidal.13 We

considered only absent and pinpoint flow in the IJVs as abnormal. VV

flow was classified as absent (abnormal)/present (normal).

We also assessed the left and right prominence of the other most

important veins in the neck visible on MRV: external jugular veins,

anterior jugular veins, facial veins, thyroid veins, and deep cervical

veins, as previously reported.13 The prominence was graded as

absent/present, and the number of collateral veins for the right and

left side of the neck was also counted.

Fig 2. Examples of intraluminal structural abnormalities in the IJVs causing hemodynamic abnormality in HCs and patients with MS, 22 and 47 years of age. A, septum. B, Flap. C, Single
leaflet valve. D, Web.

Fig 3. Extraluminal structural abnormality in the left IJV causing significantly reduced flow in both the supine and sitting positions, as detected by using DS (A ) and MRV (B–D ) in a
46-year-old woman with SPMS with 20 years of disease duration and advanced disability (EDSS score, 5.0). 2D TOF (B ) and enhanced 3D TRICKS (C and D ) sequences show pinpoint flow
morphology.
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All MRV scans were examined by 2 independent neuroradiolo-

gists in a blinded manner (D.H. and K.D.). The reproducibility results

were previously reported.13

Statistical Analyses
Statistical analysis was performed by using the Statistical Package

for the Social Sciences (Version 16.0; SPS, Chicago, Illinois). For de-

scriptive statistics and estimates of prevalence and number of venous

abnormalities, t tests, Fisher exact tests, and the Mann-Whitney U

tests were used. Reproducibility was calculated by using the Cohen �

and ICC tests. The relationship between different DS and MRV ve-

nous characteristics was assessed by using the Spearman rank corre-

lation. Patients with MS were further divided into 2 groups: MS non-

progressive (RR) and MS progressive (SP and PP).

To correct for multiple comparisons, the nominal P value �.01

was considered as significant by using 2-tailed tests.

Results

Demographic and Clinical Characteristics
Table 2 shows demographic and clinical characteristics of
patients with MS and HCs. As expected, patients with pro-
gressive MS had significantly higher age and EDSS scores and
longer disease duration than patients with nonprogressive MS
(all P � .001). Of the 150 patients with MS, 95 (63.3%) were
on disease-modifying therapy.

Reproducibility Results
On-line Tables 1 and 2 show the intra- and inter-rater repro-
ducibility for DS parameters. There was modest-to-high intra-
rater agreement for depicting total intra- and extraluminal
structural and functional venous abnormalities. However,
there was low-to-modest inter-rater agreement for the assess-
ment of intraluminal and functional venous abnormalities
and modest-to-high inter-rater agreement for the assessment
of the extraluminal abnormalities.

Intraluminal and Extraluminal Structural and
Functional Venous Abnormalities in IJVs,
as Evidenced by Doppler Sonography
Table 3 shows the individual frequency and number of intra-
and extraluminal structural and functional IJV abnormalities,
as evidenced by DS. Significantly more patients with MS pre-
sented with total (P � .004) and intraluminal (P � .008) struc-
tural and functional (P � .003) abnormalities, with a trend
toward more extraluminal abnormalities compared with HCs
(P � .044). There was a significantly higher number of total
(P � .001) and intraluminal structural (P � .005) and func-
tional abnormalities (P � .0001), with a trend for a higher
number of extraluminal structural (P � .023) abnormalities in
patients with MS compared with HCs. In patients with MS,
there was a significant relationship between the higher num-
ber of intraluminal and functional abnormalities (r � 0.36,

Table 1: Proposed classification of IJV abnormalities on DS

DS Classification Types/Examples
Intraluminal structural venous abnormality; this is an echogenic structure

extending from the endothelial lining of the vein wall with/without
presence of functional abnormality; these abnormalities include web,
flap, septum, membrane, and malformed valve

Web: multiple septa and/or flaps located in a cluster
Flap: thin linear echogenic structure extending from endothelial lining of vein

wall
Septum: thin linear echogenic structure extending from endothelial lining of vein

wall, and attached to it at both ends; septum may extend across a vein to
attach on opposing sides or attach on same side

Membrane: membranous structure almost occluding the entire diameter of the
vein

Malformed valve: dysdynamic or fibrous valve
Extraluminal structural venous abnormality; this is a restriction of the

venous wall or stenosis; these abnormalities include stenosis and
annulus

Stenosis: CSA measurement of �3 mm2

Annulus: circumferential thickened vein wall that is restricting the vein from
fully expanding with respiratory or positional changes

Functional venous abnormality; this is an abnormal cerebral venous
outflow in the presence of a structural venous anomaly; these
abnormalities include reflux/bidirectional flow, paradox, and no flow

Reflux/bidirectional flow: present in the IJV for �0.88 seconds with the head
at 90° and 0°

Paradox: vein wall not reacting to respiratory phase; noncompliant
No flow: no color flow noted in vein, despite deep breaths

Note:—CSA indicates cross-sectional area.

Table 2: Demographic and clinical characteristics in patients with MS and HCsa

MS
(n � 150)

HC
(n � 63) P

NPRMS
(n � 104)

PRMS
(n � 46) P

Female sex (No.) (%) 102 (68) 36 (57.1) NS 73 (70.2) 29 (63) NS
Age (yr) (mean) (SD) 43.2 (10.6) 42 (15) NS 40.7 (10.7) 48.6 (8.2) �.001
Age at onset, mean (SD) 31.3 (10) – – 31.9 (9.9) 30 (10.3) NS
Disease duration (mean) (SD) 12.1 (9.1) – – 9.2 (7) 18.6 (9.9) �.001
Disease course (No.) (%) –

RR 104 (70.4) 104 (100)
SP 38 (25.3) 38 (82.6)
PP 8 (5.3) 8 (17.4)

EDSS (mean) (SD) (median) 3.4 (9.1) 2.5 – – 2.5 (1.4) 2.0 5.8 (1.7) 6.0 �.001

Note:—NS indicates nonsignificant; NPR, nonprogressive; PR, progressive; –, not available.
a The differences between the study groups were tested using the �2 test, Student’s t test, and Mann-Whitney U test.
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P � �.0001), extraluminal and functional abnormalities (r �
0.29, P � .008), and intraluminal and extraluminal abnormal-
ities (r � 0.23, P � .006).

There were significantly more patients with extraluminal
structural abnormalities (P � .01) and a higher number of
extraluminal abnormalities (P � .01) in patients with progres-
sive MS compared with those with nonprogressive MS. There
was also a trend toward more patients with total structural
abnormalities (P � .033). No significant differences were ob-
served between patients with progressive and nonprogressive
MS for intraluminal structural and functional abnormalities.

No significant relationship was found in patients with MS
or HCs between age and sex, and the frequency and number of
structural and functional IJV abnormalities, except a trend

toward greater age and a higher number of functional IJV
abnormalities in patients with progressive MS (r � 0.33,
P � .026).

MRV Findings in IJVs
Table 4 shows MRV findings in patients with MS and HCs on
TOF and in progressive and nonprogressive MS subgroups on
TOF and TRICKS MR imaging sequences. No significant dif-
ferences were found on the flow-morphologic scale between
patients with MS and HCs. Abnormal TOF findings (absent/
pinpoint flow morphology) were found in 46 (30.7%) of the
patients with MS and 17 (27%) HCs.

Significantly more abnormalities were observed on the
flow-morphologic scale in patients with progressive compared

Table 3: Intraluminal and extraluminal structural and functional venous abnormalities in IJVs in patients with MS and HCs on DSa

Individual Frequency of Venous Abnormalities
HC

(n � 63)
MS

(n � 150) P Valueb
NPRMS

(n � 104)
PRMS

(n � 46) P Valuec

Total structural (No.) (%) 34 (54) 111 (74) .004 72 (69.2) 39 (84.8) .033
Intraluminal structural (No.) (%) 31 (49.2) 102 (68) .008 67 (64.4) 35 (76.1) .110

Web 0 6 (4) 5 (4.8) 1 (2.2)
Flap 17 (27) 51 (34) 36 (34.6) 15 (32.6)
Septum 9 (14.3) 43 (28.7) 34 (32.7) 9 (19.6)
Membrane 0 0 0 0
Malformed valve 18 (28.6) 40 (26.7) 25 (24) 15 (32.6)

Extraluminal structural (No.) (%) 7 (11.1) 33 (22) .044 17 (16.3) 16 (34.8) .01
Stenosis 7 (11.1) 33 (22) 17 (16.3) 16 (34.8)
Annulus 0 0 0 0

Total functional (No.) (%) 21 (33.3) 82 (54.7) .003 55 (52.9) 27 (58.7) .316
Reflux 20 (31.7) 74 (49.3) 49 (47.1) 25 (54.3)
Paradox 0 2 (1.3) 1 (1) 1 (2.2)
No flow 2 (3.2) 16 (10.7) 8 (7.7) 8 (17.4)

No. of venous abnormalities
Total structural (mean) (SD) 1.05 (1.3) 1.85 (1.8) .001 1.75 (1.7) 2.04 (1) .384
Intraluminal structural (mean) (SD) 0.9 (1.2) 1.53 (1.7) .005 1.5 (1.6) 1.61 (1.9) .805

Web 0 0.07 (0.4) 0.07 (0.3) 0.09 (0.6)
Flap 0.33 (0.6) 0.56 (1) 0.56 (1) 0.57 (1)
Septum 0.24 (0.7) 0.55 (1) 0.57 (1) 0.5 (1.2)
Membrane 0 0 0 0
Malformed valve 0.35 (0.6) 0.37 (0.7) 0.33 (0.6) 0.5 (0.8)

Extraluminal structural, (mean) (SD) 0.13 (0.5) 0.31 (0.7) .023 0.25 (0.7) 0.43 (0.7) .01
Stenosis 0.13 (.5) 0.31 (0.7) 0.25 (0.7) 0.43 (0.7)
Annulus 0 0 0 0

Total functional (mean) (SD) 0.51 (0.9) 1.13 (1.2) �.0001 1.02 (1.2) 1.4 (1.3) .096
Reflux 0.44 (0.8) 0.88 (1.1) 0.85 (1.1) 0.96 (1.2)
Paradox 0 0.02 (0.2) 0.02 (0.2) 0.02 (0.1)
No flow 0.06 (0.6) 0.17 (0.5) 0.13 (0.5) 0.26 (0.6)

Note:—NPR indicates nonprogressive; PR, progressive.
a The frequency differences of the structural and functional venous abnormalities between the study groups were tested using the Fisher exact test, whereas the number of venous
abnormalities differences was tested using Mann-Whitney U test.
b P value represents comparison between HC and MS.
c P value represents comparison between patients with NPR- and PRMS.

Table 4: Flow morphology of IJVs in patients with MS and HCs 2D-TOF using venography and 3D-TRICKSa

Morphology Score

TOF TRICKS

HC
(n � 63)

MS
(n � 150)

NPRMS
(n � 104)

PRMS
(n � 46)

NPRMS
(n � 96)

PRMS
(n � 44)

Absent (No.) (%) 5 (7.9) 23 (15.3) 14 (13.5) 9 (19.6) 7 (6.7) 2 (4.3)
Pinpoint (No.) (%) 12 (19) 23 (15.3) 12 (11.5) 11 (23.9) 18 (17.3) 17 (37)
Flattened (No.) (%) 18 (28.6) 50 (33.3) 33 (31.7) 17 (37) 43 (41.3) 30 (65.2)
Crescentic (No.) (%) 2 (3.2) 2 (1.3) 2 (1.9) 0 (0) 3 (2.9) 1 (2.2)
Ellipsoidal (No.) (%) 26 (41.3) 52 (34.7) 43 (41.3) 9 (19.6) 93 (89.4) 41 (89.1)
P value .259 .006 .01

Note:—NPR indicates nonprogressive; PR, progressive.
a The differences on the ordinal morphologic flow scale between the study groups were evaluated using the Mann-Whitney U test. Only absent and pinpoint flows in the IJVs were
considered abnormal.
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with nonprogressive MS on TOF (P � .006) and TRICKS
(P � .01). In total, 20 (43.5%) patients with progressive MS
had abnormal findings on TOF, and 19 (43.2%), on TRICKS.
The figures were 26 (25%) in patients with nonprogressive MS
for TOF and 25 (26%) for TRICKS. The relationship between
TOF and TRICKS findings was highly related (r � 0.95,
P � .001).

Collateral Vein Findings
There was a trend toward a higher mean number of collateral
veins in patients with MS compared with HCs on TOF (2.56
versus 2.1, P � .016). No significant differences were observed
in the number of collateral veins between patients with pro-
gressive and nonprogressive MS on TOF (2.65 versus 2.52,
P � .715) or on TRICKS (2.57 versus 2.62, P � .756).

Patients with MS with a higher number of functional and
intraluminal IJV DS abnormalities showed a significantly
higher number of collateral veins on TRICKS (r � 0.27,
P � .009 and r � 0.23, P � .01, respectively) and on TOF
(r � 0.27, P � .006 and r � 0.22, P � .01, respectively).

VV Findings
There was absent flow in the VVs of 6 (9.5%) HCs and of 16
(10.7%) patients with MS on DS (P � .932). No significant
differences were observed between patients with progressive
and nonprogressive MS in VV flow on DS and MRV.

Discussion
This study investigated the intra- and extraluminal structural
and functional extracranial venous abnormalities and the po-
tential value of MRV and DS in depicting those abnormalities.
Patients with MS showed a significantly higher number of to-
tal and intraluminal structural and functional abnormalities
on DS compared with HCs. No differences on the morpho-
logic MRV flow scale were found between patients with MS
and HCs. Patients with progressive MS presented with signif-
icantly more extraluminal DS abnormalities and more flow
abnormalities on MRV than those with nonprogressive MS.

From the time it was first mentioned, the CCSVI theory has
not ceased to provoke controversy and attention in the scien-
tific community20-23 and the media. The originally reported
sensitivity and specificity of the CCSVI criteria for MS diagno-
sis5 were not reproduced by recent DS,6-10 MRV,11-13 or
CV14,15 studies. A major point that can explain different find-
ings between the original and subsequent studies is that the
CCSVI diagnosis is mainly based on extra- and transcranial
echo-color DS criteria, which are operator-dependent and not
easy to blind in a clinical setting. Moreover, the value of the
CCSVI criteria is controversial because they combine func-
tional and structural intra- and extracranial venous abnormal-
ities in a single binary composite.24 The assessment of the sec-
ond CCSVI criterion (reflux in deep cerebral veins) is
particularly controversial because the direction of the blood
flow in veins connecting cortical with deep veins may vary
considerably as a consequence of the physiologic interindi-
vidual variation of the cerebral venous anatomy.6,7,9,24 In ad-
dition, the value of MRV-based techniques for a diagnosis of
CCSVI has not yet been completely elucidated.13,25 To provide
better evidence on the types of venous anomalies, we focused,
in this study, on the assessment of extracranial neck veins by

2 different noninvasive imaging techniques. Furthermore,
we divided venous abnormalities into structural (intra- and
extraluminal) and functional, to better understand their con-
tribution to the CCSVI concept.

The DS examination showed that a substantial number of
patients with MS and HCs presented with at least 1 structural
venous abnormality in their IJVs. Similar results were found
for the number of intraluminal abnormalities in the IJVs.
More patients with MS and HCs presented with intraluminal
abnormalities compared with the extraluminal ones. Of all
the intraluminal abnormalities examined, the septum and flap
occurred most frequently in patients with MS as well as in
HCs, while no difference between the groups was found for
the malformed valve (impaired mobility or thickened fibrotic
valve), in line with a recent report.9 No membrane abnormal-
ities were found in patients with MS and HCs.

All in all, these results suggest that the most frequent ve-
nous abnormalities in the IJVs, indicative of CCSVI, are of
intraluminal origin. Although head and neck veins are clearly
shown by using MRV, this technique does not have the reso-
lution to visualize intraluminal abnormalities. This is 1 of the
main limitations when comparing MRV with DS, as discussed
in a recent multimodal diagnostic study.25 The fact that in-
traluminal abnormalities present the most frequent type of
venous abnormality in the CCSVI criteria5,6,10 can further ex-
plain the discrepant results between DS5,6 and MRV stud-
ies.11-13 Although our intrarater reproducibility results showed
modest-to-high agreement for the detection of the type and
number of intraluminal abnormalities, the inter-rater agree-
ment for these abnormalities showed low reproducibility for
the detection of type and modest reproducibility for the detec-
tion of number. In the present study, the presence of intralu-
minal abnormalities did not imply the presence of functional
abnormality or significant IJV stenosis (cross-sectional area,
�0.3 cm2). Therefore, the results from this study suggest that
HCs also present frequently with intraluminal abnormalities,
as recently reported.6,10 The possible origin of these abnor-
malities could be congenital,26 aging-dependent, or a possible
consequence of an inflammatory process.6 Therefore, further
research is needed to determine whether these anomalies rep-
resent a pathologic condition or a physiologic variation.

No significant intraluminal differences were seen in pa-
tients with progressive versus nonprogressive MS, which
could indicate that intraluminal abnormalities may appear
earlier in the disease process. However, we found that age in
patients with progressive MS correlated with the presence of
DS intraluminal abnormalities. Although we did not find a
relationship between age and the number of intraluminal
abnormalities either in HCs or in the entire MS group, it can-
not be excluded that the prevalence of these abnormalities
is aging-dependent. A recent study that investigated IJV
changes with aging in HCs found a decreased proportion of
venous drainage and increased IJV reflux prevalence in older
subjects.27

In the present study, a trend toward a higher prevalence
and number of extraluminal abnormalities was found in pa-
tients with MS compared with HCs on DS, whereas more pa-
tients with progressive-versus-nonprogressive MS presented
with those anomalies. The presence of an annulus was not
detected, contrary to previously reported results.5,16 Both
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intra- and inter-rater reproducibility showed modest-to-high
agreement for the presence and number of extraluminal ab-
normalities. Therefore, our reproducibility data suggest that
DS evaluation of extraluminal abnormalities is less operator-
dependent and could be more reliable in the evaluation of the
venous anomalies in the IJVs.

On DS, patients with MS showed a significantly higher
prevalence and number of functional abnormalities in the IJVs
than HCs. No differences were seen between patients with
progressive and nonprogressive MS. The most prevalent ab-
normality was reflux in patients with MS and in HCs, followed
by no flow. A recent study found a strong correlation between
jugular venous reflux and age-related white matter changes in
elderly healthy subjects.28 Although a significant relationship
was found between the number of functional and the number
of intra- and extraluminal abnormalities, this relationship
could explain, at best, only 20% of the variance. In addition,
modest-to-high intrarater agreement for the detection of type
and number of functional abnormalities was not observed for
inter-rater agreement. More quantitative measures for the
definition of functional abnormalities such as blood flow ve-
locity and blood volume flow could be potentially more reli-
able in assessing the degree of venous outflow obstruction in
the IJVs.7

An attempt was made to distinguish intra- versus extra-
luminal structural and functional abnormalities in the IJVs
with both MRV techniques used in this study, but ultimately,
this distinction was not possible.13,25 Consequently, all MRV
abnormalities were classified as flow abnormalities due to pos-
sible intra- or extraluminal origin. No significant differences
on the morphologic flow MRV scale were found between pa-
tients with MS and HCs, in line with 3 recently published
smaller scale MRV venous flow studies.11-13 In a recent
study,13 modest-to-low scan-rescan reproducibility agree-
ment between baseline and follow-up MRV was detected.
Nevertheless, we found significantly more flow abnormalities
in patients with progressive versus nonprogressive MS both on
TOF and TRICKS, confirming the DS extraluminal results.
One of the limitations in the present study is the use of con-
ventional MRV techniques, which are more prone to artifacts
compared with other more advanced approaches.12,29 Al-
though we did not perform contrast MRV sequences in HCs as
recommended by our institutional review board, we showed
high correlation between TOF and TRICKS in the present and
previous studies.25,30

In the present study, there was a trend toward a higher
number of collateral veins in patients with MS compared with
HCs, contrary to our previous study.13 Patients with MS with
a higher number of DS intraluminal IJV flow abnormalities
showed a significantly higher number of collateral veins on
both MRV sequences. No significant difference in the number
of collaterals between patients with nonprogressive versus
progressive MS was found. These results indeed provide an
important finding, because they support the existence of col-
lateral circulation as a possible compensatory mechanism for
the higher number of functional and intraluminal abnormal-
ities in the IJVs, as previously proposed.5,16 It could be hypoth-
esized that collaterals develop as a compensatory mechanism
for the presence of intraluminal structural flow abnormalities;
and when their compensatory ability is overcome, extralumi-

nal abnormalities begin to develop. This theory is supported
by recent work of Yamout at al,14 who performed CV on 42
patients with MS in various phases of the disease (at onset and
after 5 and 10 years) and found that extracranial venous ste-
nosis was very rare at onset but became more frequent in sub-
jects with longer MS duration. We considered the use of DS for
visualizing collaterals; however, due to Doppler inability to
follow the complete course of the collateral vein, we were un-
able to identify the vein with 100% accuracy. Therefore, MRV
is more accurate than DS for following and labeling collaterals
of the extracranial venous system. In a majority of cases, there
was also a correlation between the size of the ipsilateral IJV and
collateral veins, meaning that prominent collaterals followed
stenotic IJVs with no visible flow. However, there were cases
with normal patent IJV lumens and prominent collaterals. If
the IJVs are developmentally smaller, then the other veins
would likely be more prominent. Longitudinal studies should
investigate the evolution of collaterals in stenotic or develop-
mentally smaller IJVs.

We did not find VV flow differences on MRV and DS be-
tween patients with MS and HCs or between MS subgroups,
which is in line with recent studies.13,25

The value of DS and MRV for screening of CCSVI was
tested against CV with promising results in 2 recent pilot stud-
ies that included patients with MS and HCs.25,30 In 1 of these
studies, DS showed 82% sensitivity, 100% specificity, and
99% positive and 95% negative predictive values compared
with CV in 10 patients with MS.25 However, another recent
study found no overlap between CV and DS in 7 of the 8
patients who presented with a sonographic finding of CCSVI.9

A multimodal approach by using noninvasive and invasive
diagnostic techniques is recommended to determine the de-
gree of extracranial venous structural and functional impair-
ment in patients with MS and HCs.

One of the limits of this study is that we did not use in-
vasive CV to confirm the DS and MRV findings. Although CV
is considered the criterion standard for assessing and grading
endovascular stenoses, CV is merely lumenography, providing
little or no data on the wall of the vessel or its intraluminal
structures. Malformed and/or reversed valve cusps can be
crossed by the catheter and kept open artificially, thereby pre-
venting documentation of stenosis.24 No established criteria
or guidelines currently exist on CV for the detection of venous
anomalies indicative of CCSVI.24 Any venous lumen reduc-
tion �50% on CV is considered a sign of significant stenosis,
which is somewhat arbitrary.5,16 More sophisticated CV cate-
goric criteria (ranging from grade 1 to grade 4) were recently
proposed.15 Our preliminary experience with CV25,30 indi-
cates that proper training is needed for recognition of patho-
logic intraluminal anomalies indicative of CCSVI and that
more sophisticated criteria for detection of these anomalies,
such as time to empty contrast from veins or waisting of the
balloon, need to be tested and validated.24 In addition, CV is
an invasive method that requires radiation exposure, and
there are ethical concerns in applying this technique to a large
group of HCs.

Another limitation of our study is that we did not measure
directly the venous pressures and flow patterns in the dural
venous sinuses (the common pathway out of the brain before
the cervical veins) to demonstrate any evidence of increased
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pressure or abnormal flow patterns, such as reflux or bi-
directional flow. Additionally, because there are no indica-
tions that patients with sinus thrombosis and elevated intra-
cranial pressures or those with jugular occlusions or resections
(eg, with radical neck dissections) ever develop demyelinating
lesions,20 our DS and MRV findings need further evaluation.

Conclusions
Despite the limitations in comparing different imaging tech-
niques and the use of different imaging criteria, we found that
conventional MRV has limited value for detection of
extracranial venous anomalies compared with DS because it
cannot distinguish intraluminal structural and functional ve-
nous abnormalities. However, MRV is more sensitive for
showing collaterals.
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Heart disease, overweight, and cigarette
smoking are associated with increased
prevalence of extra-cranial venous
abnormalities
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Objectives: Most of the extra-cranial venous abnormalities have been previously described as truncular
venous malformations. In this hypothesis-driven study, we evaluated possible association of risk/protective
factors with the presence of truncular and functional venous abnormalities in internal jugular veins (IJVs) in
a large cohort of volunteers without known central nervous system (CNS) pathology.
Methods: The study included 240 controls who underwent physical and Doppler sonography (DS)
examinations for the presence of intra- and extra-luminal structural and functional abnormalities of the IJVs,
and were assessed with a physical examination and structured environmental questionnaire for
demographic characteristics, presence of autoimmune and other concomitant diseases, vascular risk
factors, environmental factors, and habits. Logistic regression analysis was used to test which risk/
protective factors were associated with the presence and number of extra-cranial venous abnormalities.
Results: Subjects with heart disease (P,0.001), overweight (P50.005), and smoking (P50.016) had a
significantly increased number of intra-luminal structural venous abnormalities. Presence of heart disease
increased the risk of a malformed valve 12.9 times (95% CI: 5.4–31.3, P,0.001), while smoking increased it
2.21 times (95% CI: 1–4.9, P50.033). Being overweight (P50.003), a history of mononucleosis (P50.012)
and smoking (P50.042) increased risk for presence of a flap. No association was found between the
investigated risk factors and extra-luminal or functional venous abnormalities. However, use of dietary and
herbal supplements had a protective role for the presence of functional venous abnormalities.
Conclusions: There is a close association between intra-luminal, structural, extra-cranial, venous system
pathology and the presence of heart disease, overweight, and smoking.

Keywords: Risk factors, Protective factors, Doppler sonography, Controls, Intra-luminal, Extra-luminal, Structural, Functional, Heart disease, Smoking,

Overweight

Introduction
The main function of the venous system is to return

blood to the heart from the periphery and to serve as

a store of blood to maintain filling of the heart.1 The

anatomy and physiology of the peripheral venous

system is well known, as well as the risk factors for

developing peripheral vein disease.2,3 However,

there is still little knowledge concerning the role of

intra- and extra-cranial venous system impairment

and its complex anatomical variations.

Several studies have found a relationship between

internal jugular vein (IJV) drainage abnormalities

and specific neurological diseases of undetermined

etiology, as well as in aging.4–8 However, impaired

venous drainage of the central nervous system (CNS)

caused by venous abnormalities that can affect

functionality of extra-cranial veins has not been a

subject of intense interest until recently, when

condition called chronic cerebrospinal venous insuf-

ficiency (CCSVI) was described in patients with

multiple sclerosis (MS).9,10 CCSVI is a vascular
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condition characterized by impaired blood outflow

from the CNS to the periphery, secondary to

anatomical and functional abnormalities of the major

intra- and extra-cranial veins.9–14

The risk factors for increased susceptibility of venous

pathology in the intra- and extra-cranial veins were

unknown until our group described an association

between the presence of CCSVI and risk/protective

factors in a large control group of volunteers without

known CNS pathology. We found that the presence of

heart disease (especially heart murmurs), a history of

infectious mononucleosis, and inflammatory bowel

disease (IBS) were significantly associated with the

presence of CCSVI, while use of dietary supplements in

general, as well as ginkgo by itself, was a protective

factor for this vascular condition.15

The origin of CCSVI-related venous abnormalities is

a subject of intense research and debate.16 The origin of

these abnormalities could be physiological, aging-

dependent, congenital, a possible consequence of an

inflammatory process or viral attack, immobility, and

lack of exercise frequently occurring in chronic disease

conditions and with aging, related to chronic pulmon-

ary pathology such as chronic obstructive pulmonary

disease and pulmonary hypertension, or related to

environmental factors.15,16 Most of these extra-cranial

venous abnormalities were described as truncular

venous malformations.9,17–19 In a recent study, the

frequency of these intra- and extra-luminal structural

and functional venous abnormalities in patients with

MS and healthy individuals was investigated using two

non-invasive imaging techniques.12 Doppler sonogra-

phy (DS) and magnetic resonance venography revealed

an increased number of intra- and extra-luminal

structural and functional abnormalities in MS com-

pared to healthy individuals.12 That and other studies

demonstrated that venous-related abnormalities are not

exclusive to MS patients, and that healthy individuals

or patients with other neurological diseases can also

present with these anomalies of unknown origin.12–14,20

Therefore, in this hypothesis-driven study, we

aimed to evaluate the possible association of risk/

protective factors with the presence of truncular and

functional IJV abnormalities in a large cohort of

volunteers without known CNS pathology. The null

hypothesis was that risk factors for extra-cranial

venous disease differ in subjects both with and

without the presence of those venous abnormalities.

Methods
Subjects and clinical assessments
This study was approved by the local Health Sciences

Institutional Review Board and was part of the

prospective Combined Trans-cranial and Extra-cranial

Venous Doppler study.13 Written informed consent was

obtained from all subjects.

The study participants were 240 controls without

known CNS pathology, who were selected according to

the inclusion and exclusion criteria from 252 subjects who

participated in a study of risk factors for CCSVI

diagnosis.15 The subjects were recruited from among

hospital personnel, respondents to a local newspaper

advertisement, and spouses or relatives of the MS

patients.15 In the previous study, no difference in

prevalence of CCSVI was found between the different

sources of recruitment.15

Inclusion criteria for this study were: fulfilling

health screen questionnaire requirements containing

information about medical history (illnesses, sur-

geries, medications, etc.), fulfilling the health screen

requirements on physical examination, being capable

of undergoing diagnostic evaluation for intra- and

extra-cranial venous system using DS, and being able

to respond on a structured environmental question-

naire. Exclusion criteria were: no availability of data

regarding the assessment of intra- and extra-luminal

venous and functional venous abnormalities, pre-

existing medical conditions known to be associated

with brain pathology (e.g. neurodegenerative dis-

order, cerebrovascular disease, cognitive impairment,

history of psychiatric disorders, seizures, trauma,

etc.), neck pathology, history of cerebral congenital

vascular malformations, venous thrombosis, genetic

thrombophilia, and presence of arthritic necks (as

these subjects may not be able to lie flat).

All participants underwent physical and DS

examinations, and were assessed with a structured

environmental questionnaire (information related to

demographic characteristics, presence of autoimmune

and other concomitant diseases, vascular risk factors

and environmental factors, as well as information

about habits) administered in-person by a trained

interviewer unaware of subjects’ disease status, as

previously described.15 Race/ethnicity was deter-

mined according to US Census Bureau definitions.

Body mass index (BMI) was calculated and divided

into four categories: underweight ,18.5, normal

weight 18.5–24.9, overweight 25–29.9, and obesity

BMI .30 or greater.21

Doppler sonography
Extra-cranial DS of the neck was performed on all

participants. A color-coded DS scanner (MyLab 25;

Esaote-Biosound, Irvine, CA, USA) equipped with a

5.0- to 10-MHz transducer was used to examine IJV

morphology and hemodynamics. The DS examination

was performed by two trained technologists (KM and

VV) who were blinded to subjects’ characteristics, as

reported.13 IJV abnormalities were divided into three

subcategories, as recently defined12: (1) intra-luminal

structural (web, flap, septa, membrane, and mal-

formed valve); (2) extra-luminal structural (stenosis
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and annulus); and (3) functional abnormalities (pre-

sence of reflux/bidirectional flow, non-compliant flow,

and no flow). Two independent neuroradiologists

double-read all DS examinations in a blinded manner

(DH and KD).

Statistical analyses
Statistical analysis was performed by using the

Statistical Package for the Social Sciences (Version

17.0; SPSS, Inc., Chicago, IL, USA). For descriptive

statistics and estimates of prevalence and number of

venous abnormalities, t-tests, Fisher exact tests, and

the Mann–Whitney U tests were used.

To increase sensitivity and specificity of the study

results, we took into account only those variables on

a structured environmental questionnaire which had

a response rate of at least 80%.

Logistic regression analysis was used to test which

risk (higher frequency of association) or protective

(lower frequency of association) factors were asso-

ciated with the presence of venous abnormalities. The

odds ratio (OR) and a 95% confidence interval (CI)

were calculated. Nominal P value of ,0.05 was

considered significant using two-tailed tests.

Results
Demographic and clinical characteristics
Table 1 shows demographic and clinical character-

istics of the study subjects. Twelve subjects who

participated in a study of risk factors for CCSVI

diagnosis15 were excluded, due to a lack of full

availability of data regarding the assessment of intra-

and extra-luminal structural and functional venous

abnormalities. Therefore, 240 subjects were exam-

ined. The mean age of subjects was 42.5 years. One

hundred and forty-four subjects were females

(57.1%). The majority of participants (204) were

Caucasian (88.7%), 16 (7%) were African-Americans,

10 (4.2%) were others (Asian, Hispanic/Latino), and

data for 10 subjects were missing (4.2%).

Vascular risk factors (heart disease, hypertension,

diabetes, obesity, smoking, and high jugular venous

pressure) were present in one-third of the subjects

(ranging from 31.4% to 67%), while 62% of the

subjects took dietary supplements. Allergy was

present in 38.5% of participants and migraine in

16.9%. More than two-thirds of subjects performed

regular physical activity (ranging from daily to

weekly). Only 19 subjects reported an autoimmune
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Table 1 Demographic and clinical characteristics in study subjects

Subjects, n (%) Female, n (%) Age (years), mean (SD)

Population 240 144 (57.1) 42.5 (15.5)
Race/ethnicity

Caucasian 204 (88.7) 111 (86.7) 43.2 (15.7)
African-American 16 (7) 11 (8.6) 38.4 (11.3)
Other/missing 20 (8.3) 14 (9.7) 36.4 (11.5)

Vascular risk factors
Hearth disease 80 (35.9) 45 (36.9) 43.3 (15.2)
Smoking 146 (67) 81 (64.8) 43.7 (14.6)
Hypertension 64 (31.4) 29 (25.7) 48.5 (14.9)
BMI ,18.5 5 (2.1) 4 (2.9) 22.8 (20.8)
BMI 18.5–24.9 74 (30.8) 45 (33.1) 39.5 (16.9)
BMI 25–29.9 84 (35) 40 (29.4) 43.5 (14.5)
BMI .30 55 (22.9) 32 (23.5) 46.3 (13.4)

Habits
Alcohol 201 (88.2) 112 (54.9) 29.5 (21.1)
Dietary supplements 142 (62) 88 (68.2) 39 (15.4)
Herbal supplements 39 (17) 26 (20.2) 42.4 (15.9)
Physical activity 165 (72.7) 85 (67.5) 40.5 (15.9)

Autoimmune diseases
Rheumatoid disorders 8 (3.5) 4 (3.1) 52.1 (7.1)
Psoriasis 6 (2.6) 4 (3.1) 49.2 (17.3)
Diabetes mellitus type 1 5 (2.2) 3 (2.3) 51.5 (5.2)

Other diseases
Asthma 32 (13.9) 22 (17.1) 43.7 (16.6)
Allergy 89 (38.5) 62 (48.1) 42.5 (15.7)
Cancer 13 (5.6) 6 (4.4) 54.2 (6.4)
COPD 9 (3.9) 7 (5.4) 52 (11.9)
Irritable bowel syndrome 18 (7.8) 11 (8.5) 45.5 (12.2)
Migraine 39 (16.9) 28 (21.7) 42.08 (13.5)

Note: COPD: chronic obstructive pulmonary disease; BMI: body mass index.
BMI ,18.5 represents underweight, BMI 18.5–24.9 represents normal weight, BMI 25–29.9 represents overweight, and BMI .30
represents obesity.
The various environmental factor frequencies were calculated on the total population of 240 subjects. Data for missing cases were
conservatively categorized as negative.
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disease. Consumption of alcohol (ranging from

occasional to daily) was very frequent among

participants (88.2%).

Prevalence of intra- and extra-luminal structural
and functional venous abnormalities
Table 2 shows the individual frequency and number

of intra- and extra-luminal structural and functional

IJV abnormalities, as evidenced by DS. The most

common venous abnormalities were represented by

intra-luminal structural and functional abnormalities

with no significant difference between gender or

varied age groups. Flap, malformed valve, and

septum were the most common intra-luminal struc-

tural abnormalities while reflux was found in more

than one-third of the study subjects. Absent flow in

the IJVs was found in only 5% of subjects. No

annulus was found in any of the subjects. IJV extra-

luminal stenosis was found in 12.5% of males and in

19.9% of females.

No difference in prevalence of intra- and extra-

luminal structural and functional IJV abnormalities

was found between different sources of recruitment.

Therefore, the analyses for risk/protective factors

included all participants in one group.

There was no significant relationship between age

and sex, and frequency and number of any venous

abnormalities.

Risk/protective factors and frequency of intra-
and extra-luminal and functional venous
abnormalities in the IJVs
Table 3 shows risk and protective factors that were

significantly associated with the presence of intra-

and extra-luminal structural and functional IJV

venous abnormalities.

We did not find any risk factors associated with the

presence of extra-luminal and functional venous

abnormalities, while use of dietary and herbal

supplements showed a lower frequency of association

with functional abnormalities, suggesting a possible

protective role.

Increased frequency of intra-luminal structural

abnormalities was associated with presence of heart

disease (OR: 3.01, 95% CI: 1.7–5.4, P,0.001) and

smoking (OR: 2.34, 95% CI: 1.2–4.4, P50.005).

Among the intra-luminal structural venous abnorm-

alities, the most significant associations of risk factors

were found with a malformed valve. With the

presence of heart disease, the risk of a malformed

valve increased 12.9 times (95% CI: 5.4–31.3,
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Table 2 Intra-luminal and extra-luminal structural and functional venous abnormalities in internal jugular veins in study
subjects on Doppler sonography

Frequency of venous abnormalities, n (%)

Subjects Males Females P value

(n5240) (n5104) (n5136)

Total structural 103 (42.9) 47 (45.2) 56 (41.2) 0.6
Intra-luminal structural 87 (36.3) 41 (39.4) 46 (33.8) 0.41

Web 2 (0.8) 0 2 (1.5)
Flap 46 (19.2) 25 (24) 21 (15.4)
Septum 22 (9.2) 13 (12.5) 9 (6.6)
Membrane 0 0 0
Malformed valve 45 (18.8) 16 (15.4) 29 (21.3)

Extra-luminal structural 39 (16.3) 13 (12.5) 27 (19.9) 0.16
Stenosis 39 (16.3) 13 (12.5) 27 (19.9)
Annulus 0 0 0

Total functional 102 (42.5) 46 (44.2) 56 (41.2) 0.73
Reflux 99 (41.3) 45 (43.3) 54 (39.7)
Paradox 0 0 0
No flow 11 (4.6) 5 (4.8) 6 (4.4)

Number of venous abnormalities, mean (SD)
Total structural 0.9 (1.2) 0.9 (1.3) 0.8 (1.1) 0.9
Intra-luminal structural 0.7 (1.08) 0.75 (1.2) 0.6 (1.01) 0.4

Web 0.01 (0.14) 0 0.02 (0.2)
Flap 0.3 (0.6) 0.4 (0.8) 0.22 (0.5)
Septum 0.15 (0.5) 0.22 (0.6) 0.1 (0.4)
Membrane 0 0 0
Malformed valve 0.24 (0.5) 0.2 (0.43) 0.3 (0.6)

Extra-luminal structural 0.2 (0.5) 0.15 (0.5) 0.2 (0.4) 0.13
Stenosis 0.2 (0.5) 0.15 (0.5) 0.2 (0.4)
Annulus 0 0 0

Total functional 0.7 (1) 0.8 (1.01) 0.71 (1) 0.5
Reflux 0.7 (0.9) 0.73 (0.97) 0.65 (0.9)
Non-compliant flow 0 0 0
No flow 0.06 (0.3) 0.07 (0.32) 0.06 (0.3)

Note: n: number.
The frequency differences of the structural and functional venous abnormalities between the gender groups were tested using the Chi-
square test, whereas the number of venous abnormalities differences was tested using the Mann–Whitney rank sum test.
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P,0.001), and there was also increased risk of a

malformed valve with smoking (OR: 2.21, 95% CI: 1–

4.9, P50.033). Further sub-analysis showed that

35.6% of subjects with a malformed valve had reflux,

and 41.3% of subjects had heart problems. Smoking

was the risk factor in 71.3% of controls with heart

disease. Increased frequency of a flap was associated

with overweight (OR: 2.8, 95% CI: 1.4–5.5,

P50.003), a history of mononucleosis (OR: 2.8,

95% CI: 1.3–6.3, P50.012), and smoking (OR: 2.1,

95% CI: 1–4.9, P50.042).

Other vascular risk factors and habits, autoim-

mune, and other diseases, as well as aging, were not

associated with increased or decreased risk for intra-

and extra-luminal structural and functional venous

abnormalities.

Risk/protective factors and number of intra- and
extra-luminal and functional venous
abnormalities in the IJVs

Table 4 shows the differences in the number of

venous abnormalities and presence of risk factors.

Presence of heart disease was related with an

increased number of intra-luminal structural venous

abnormalities (P,0.001) and, in particular, a mal-

formed valve (P,0.001). Subjects who smoked had a

significantly higher number of intra-luminal struc-

tural venous abnormalities (P50.016), especially a

malformed valve (P50.05). There was a trend for an

increased number of flaps in subjects who smoked

(P50.06). Overweight was related with an increased

number of flaps (P50.004) and the total number of

intra-luminal structural abnormalities (P50.005).
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Table 4 Risk factors significantly different with respect to the number of intra-luminal and extra-luminal structural and
functional venous abnormalities in internal jugular veins

Risk factors

Subjects (n5240)

Number of abnormalities PtotR/totA/tot venous abnormality

Heart problems 223/80/41 Total intra-luminal structural abnormalities ,0.001
223/80/32 Malformed valvae ,0.001

Smoking 218/146/64 Total intra-luminal structural abnormalities 0.016
218/146/35 Malformed valvae 0.05

BMI 25–29.9 218/84/25 Flap 0.004
218/84/38 Total intra-luminal structural abnormalities 0.005

Note: totR: total respondents on the environmental questionnaire; totA: total affected for certain condition; total venous abnormality;
OR: odds ratio; CI: confidence interval; R: regression coefficient; BMI: body mass index.
BMI 25–29.9 represents overweight.
Differences in the number of venous abnormalities were tested using the Mann–Whitney rank sum test.

Table 3 Risk factors significantly associated with the presence of intra- and extra-luminal structural and functional
venous abnormalities in internal jugular veins in logistic regression analysis

Venous abnormalities
Risk/protective
factors

Subjects

OR 95% CI R P

n5240

totR/totA/tot venous
abnormality

Total intra-luminal
structural abnormalities

Risk factors Heart problems 223/80/41 3.01 1.7–5.4 1.1 ,.001
Smoking 218/146/64 2.34 1.2–4.4 0.85 0.005

Protective factors … … … … … …
Malformed valve Risk factors Heart problems 223/80/32 12.9 5.4–31.3 2.6 ,0.001

Smoking 218/146/35 2.21 1–4.9 0.8 0.033
Protective factors … … … … … …

Flap Risk factors Mononucleosis 225/34/12 2.8 1.3–6.3 1.03 0.012
Smoking 218/146/34 2.1 0.9–4.7 0.75 0.042
BMI 25–29.9 218/84/25 2.8 1.4–5.5 1.03 0.003

Protective factors … … … … … …
Total extra-luminal
abnormalities

Risk factors … … … … … …
Protective factors … … … … … …

Total functional
abnormalities

Risk factors
Protective factors Dietary supplements 229/142/69 0.6 0.34–1.01 20.53 0.037

Herbal supplements 229/39/23 0.5 0.2–0.9 20.7 0.027

Note: totR: total respondents on the environmental questionnaire; totA: total affected for certain condition; total venous abnormality;
OR: odds ratio; CI: confidence interval; R: regression coefficient; BMI: body mass index.
BMI 25-29.9 represents overweight.
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Discussion
In this study, we investigated the relationship of

demographic, clinical, and environmental risk factors

and the presence of intra- and extra-luminal struc-

tural and functional IJV abnormalities in a large

cohort of control subjects without known CNS

pathology. Our findings showed that heart disease,

being overweight, and smoking are the most common

risk factors responsible for the presence of intra-

luminal structural venous abnormalities, most often

represented by a malformed valve and flap. We did

not find any correlation between the presence of

extra-luminal and functional venous abnormalities

and the investigated risk factors, but we found that

use of dietary and herbal supplements was a

protective factor for the presence of functional

venous abnormalities.

The IJVs, which are easily assessed by color-coded

DS, are one of the main cerebral venous drainage

pathways.22,23 Abnormal flow patterns in the IJVs

with consequent cerebral venous outflow impairment

were recently described in several neurologic disorders,

including transient global amnesia,5 transient mono-

cular blindness,6 cough headache,7 and primary

exertional headache8. From its initial discovery,9,10

CCSVI provoked substantial interest that led toward

better understanding of the anatomy and pathology of

the intra- and extra-cranial venous system.8,9,14,24–27

While the etiology of peripheral chronic venous

disease is relatively well known,28–30 there is still a

lack of information about the etiology of extra-

cranial venous disease. Recently published studies

have proposed that extra-cranial venous anomalies

are likely to be truncular venous malformations

characterized by intra-luminal defects (such as flaps,

webs, septa, membranes, and malformed valves) or

by extra-luminal abnormalities represented by ste-

noses of the venous wall,9,18 although other hypoth-

eses have also been proposed.13,15,16 Because, in a

recently published study, we found that more than

half of controls presented structural and more than

one-third presented functional IJV abnormalities,12

we aimed to investigate which risk factors are

associated with the presence of these truncular and

functional venous abnormalities in IJVs in a large

cohort of controls without known CNS disease.

Increased age, female sex, and Caucasian

ethnicity31–33 are considered the most important risk

factors for venous disease.30,34 In the present study,

we did not find any correlation between different age-

and sex-, and ethnic groups regarding the presence of

intra- and extra-luminal structural venous abnorm-

alities, which is also in line with our recently

published study on CCSVI risk factors.15 In addition,

no relationship was found between the presence of

functional venous abnormalities and investigated risk

factors, although more than one-third of subjects

were positive for the presence of those abnormalities.

In particular, 41.3% of the investigated cohort

showed reflux in IJVs, which is in line with previously

published studies that found reflux in IJVs in 20–40%

of healthy individuals.6,23,35,36 In a study with a large

sample of healthy individuals, IJV reflux was found

more frequently in older subjects and in men, which

was not the case in our study.35

One of the most important findings of the present

study is the identification of heart disease as a

significant risk factor for the presence and higher

number of intra-luminal structural venous abnorm-

alities. As previously described,15 the presence of

heart disease included, for this study, congestive heart

failure, heart attack, arrhythmia, valvular disease,

heart murmurs, enlarged heart, heart surgery, rheu-

matic fever, constrictive pericarditis, pulmonary

hypertension, mediastinal tumor, and other. The

extracellular matrix is a complex structure of

collagens, elastins, laminins, fibronectins, and pro-

teoglycans which support the cellular components of

blood vessels. Matrix metalloproteinases, which are

enzymes that remodel an extracellular matrix, are

important in many physiological and pathological

vascular processes. Dysregulation of matrix metallo-

proteinase activity and extracellular matrix remodel-

ing of the vascular wall have been associated with

atherosclerosis and arterial disease and, recently,

also with venous disease and varicose veins.37–39

Hemodynamic forces, such as shear stress and

increased intravascular blood pressure, strongly

influence collagen metabolism through matrix metal-

loproteinases, which may cause vascular wall remo-

deling in both veins and arteries.40 Therefore, tissue

matrix alteration that is a common abnormality for

heart disease and vessel structures, cannot fully be

ruled out in relation to the type of venous abnorm-

alities observed in the present study. Recent studies

have also suggested that there is probably an

association between venous thromboembolism of

unknown origin and atherosclerosis.41 Patients with

previous venous thromboembolism had an increased

risk of subsequent symptomatic atherosclerosis and

arterial cardiovascular events. It is assumed that this

association could be due to the activation of

coagulation and inflammatory pathways in both the

venous and arterial systems.42

One of the most striking findings in the present

study was the 12.9 times increased risk for malformed

valve in those who presented with heart disease. A

malformed valve was the most frequent intra-luminal

abnormality in the present study, which is in line with

recent studies.9,17,35,43–45 In constrictive pericarditis

and related states,46 as well as in congestive heart

disease,47,48 tricuspid valve regurgitation,47,48 and
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primary pulmonary hypertension,49 there is elevated

central venous pressure which leads to IJV valve

incompetency. These findings support the hypothesis

that venous valve incompetence is acquired and

linked to venous hypertension.44

In the present study, we found that subjects who

were smokers, either former or current, have sig-

nificantly higher prevalence of intra-luminal IJV

abnormalities in comparison with non-smokers.

Smoking is significantly associated with lower limb

venous insufficiency, in accordance with biologic

data and physiopathological mechanisms.50,51 It is

accepted that smoking is a major factor in oxidative

stress,52 hypoxia through carbon monoxide and nitric

oxide fixation to hemoglobin,53 and endothelial

damage. Women who smoke are at increased risk

for deep vein thrombosis and the potentially deadly

complication pulmonary embolism.50,54 In particular,

smoking was related to increased frequency risk of

both a malformed valve and a flap in this study.

Further studies are needed to elucidate the exact

mechanism responsible for the harmful effects of

tobacco on the venous system.

Many risk factors for cardiovascular and thrombo-

tic diseases are profoundly affected by diet and thus

can be managed or prevented with a nutritional

approach.55 Macronutrients and other bioactive food

components alter the predisposition to thrombosis and

hemostatis pathways through a variety of mechanisms.55

In the current study, we found that everyday use of

dietary supplements decreases the frequency of func-

tional IJV abnormalities. Dietary intervention has

proven effective in lowering serum lipid levels, which

are otherwise essential elements in the pathogenesis of

cardiovascular disease. They have anti-inflammatory,

anti-edema, and venotonic functions.55–58 Herbal supple-

ments are also widely used for conservative treatment of

chronic venous insufficiency because of their ability to

increase the elasticity of the veins and reduce their

fragility and permeability.58,59

In the present study, a positive history of infective

mononucleosis caused by the Epstein–Barr virus

(EBV) showed significant correlation with the pre-

sence of flap abnormalities. This is in line with our

previous study on risk factors of CCSVI where we

found a significant association between CCSVI

diagnosis and a history of mononucleosis.15 It was

reported that persistent EBV infection in the vein wall

may damage the venous endothelium by promoting a

pro-inflammatory, pro-coagulant, and pro-athero-

genic environment.60,61 However, further studies are

needed to investigate the real mechanism by which

EBV might trigger vein thrombosis.

We also found intra-luminal structural abnormal-

ities in 42.6% of subjects who had functional IJV

abnormalities, but no association was found between

the investigated risk factors and the presence of extra-

luminal or functional venous abnormalities. Those

results might lead to the hypothesis that functional

and extra-luminal abnormalities are a secondary

effect of intra-luminal structural abnormalities.12

We found significant association between over-

weight and the presence and number and of intra-

luminal abnormalities in the IJVs. Obesity and

overweight increase the likelihood of various diseases,

particularly heart disease, type II diabetes, obstruc-

tive sleep apnea, certain types of cancer, and

osteoarthritis.62 Various abnormalities of hemostasis

have been described in obesity, mainly concerning

increased levels of plasminogen activator inhibitor-1

and abnormalities of coagulation and platelet activa-

tion. Circulating microparticles have also been

observed in obese patients; this suggests that obesity

increases the risk for venous thromboembolism.63

However, further research is necessary to fully

elucidate the relationship between extra-cranial

structural abnormalities and overweight, including

the physical effects of body fat on limiting venous

return, and promoting a pro-inflammatory, pro-

thrombotic, and hypofibrinolytic milieu.

In a previous work, Lee et al.18 reported that extra-

cranial venous abnormalities are mostly truncular

(intra-luminal), which represents embryologically

defective veins with no tendency for further progres-

sion. Our findings in this study firmly argue against

this theory, showing that intra-luminal vein pathol-

ogy is probably an acquired condition, mostly as a

result of lifestyle factors and cardiovascular disease,

and emphasize the role of early prevention of extra-

cranial vein risk factors and possible disease-related

states.

In conclusion, our study showed that there is a

close association between intra-luminal, structural,

extra-cranial, venous system pathology and the

presence of heart disease, overweight, and smoking.
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