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THE BURDEN OF STROKE: A GROWING HEALTH CARE AND ECONOMY PROBLEM
MOZDANI UDAR - RASTUCI MEDICINSKI I SOCIJALNO EKONOMSKI PROBLEM
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Summary

Stroke is often considered as a significant economy burden
in health care systems worldwide. According to epidemiological
data, there has been a considerable decrease in stroke morbidi-
ty and mortality in most West European countries, mainly be-
cause of the implementation of prevention measures. Quite a
reverse trend has been observed in most of the Central and
East European countries where the epidemic of stroke is ex-
pected in the near future. New research facts from the fields of
molecular science and genetics have enabled better understand-
ing of the stroke pathogenesis while contemporary neuroimag-
ing techniques as well as Doppler ultrasonography have con-
tributed to our perception of stroke. During the last few years,
there has been an increasing demand for redefinition and new
classification of stroke and transient ischemic attack, implying
new definitions such as acute ischemic cerebral syndromes, or
acute neurovascular syndromes. It is important to emphasize
the importance of stroke as a medical emergency that should be
managed in specialized stroke units. The results from large clin-
ical studies have shown that stroke units significantly reduce
the mortality and disability among stroke patients. Treatment
of acute ischemic stroke with rT’PA-thrombolysis within the first
3 hours from the stroke onset, and antiaggregation and antico-
agulation therapy have provided better stroke management. The
prevention of risk factors for cardiovascular events is still the
most effective measure that can reduce the risk of stroke. New
clinical evidence has supported some antihypertensives and st-
atins in stroke prevention due to the additional beneficial ef-
fect of the drugs apart from blood pressure and cholesterol low-
ering. Therefore, it is important to decrease the risk of stroke
by implementing primary and secondary prevention, and intro-
ducing in practice the recently published recommendations for
stroke management.

Key words: stroke, primary and secondary stroke prevention, stroke
units, treatment of stroke, recommendations for stroke management

Sazetak

Mozdani udar je vazan zdravstveni i socijalno-ekonomski
problem, kako u svijetu tako i u Republici Hrvatskoj. Epide-
mioloski podaci iz zapadnih zemalja pokazuju smanjivanje
pobola i smrtnosti od mozdanog udara u posljednjim deset-
lje¢ima prosloga stoljeca, $to je izravna posljedica preventivnih
aktivnosti. Medutim, nepovoljan trend porasta uéestalosti
mozdanog udara biljezi se u mnogim drzavama srednje i isto¢ne
Europe, pa se u skoroj buduénosti predvida prava epidemija
obolijevanja od mozdanog udara. Nova otkri¢a u podrudju
molekularnih znanosti i genetike pridonose boljem razumije-
vanju patogeneze mozdanog udara, a moderne tehnike sli-
kovnog prikaza mozga i doplerske ultrasonografije svakim da-
nom obogacuju nase spoznaje o mozdanom udaru. Posljednjih
godina sve su brojniji prijedlozi da se redefiniraju kriteriji 1
klasifikacija mozdanog udara i prolaznih ishemijskih napadaja,
pa se sve vise govori o akutnim ishemijskim cerebralnim sin-
dromima (AICS), odnosno o akutnim neurovaskularnim sindro-
mima. Vazno je naglasiti da je mozdani udar hitno medicinsko
stanje koje zahtijeva hitnu zdravstvenu skrb u specijaliziranim
jedinicama za lijeCenje mozdanog udara. Rezultati velikih kli-
nickih ispitivanja pokazali su kako zbrinjavanje bolesnika u je-
dinicama za lijeCenje mozdanog udara znac¢ajno smanjuje smrt-
nost i invalidnost bolesnika. "Tromboliti¢no lije¢enje primjenom
rekombiniranog tkivnog aktivatora plazminogena unutar prva
tri sata od nastanka inzulta bitno doprinosi u¢inkovitom lijece-
nju ishemijskog mozdanog udara. Prevencija je i nadalje na-
jucinkovitiji pristup mozdanom udaru, jer smanjuje rizik od
nastanka mozdanog udara djelovanjem na brojne ¢imbenike
rizika. Rezultati velikih klinic¢kih studija pokazuju da bi novije
generacije antihipertenziva i statina mogle imati dodatno po-
voljno djelovanje u prevenciji mozdanog udara. Stoga je nuzno
potrebno Siriti spoznaju o sprje¢avanju mozdanog udara po-
mocu razli¢itth metoda primarne i sekundarne prevencije, a
dosljedno i sveobuhvatno provodenje objavljenih preporuka za
zbrinjavanje bolesnika s mozdanim udarom moZze tome znacaj-
no doprinijeti.

Kljuéne rijeci: mogdani udar, primarna i sekundarna prevencija
modanog udara, jedinice za lijecenje mogdanog udara, terapija
mogdanog udara, preporuke xa xbrinjavanje mogdanog udara
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Stroke is on the third place of all death causes in the
world and the leading cause of death and disability in
Croatia. The prevalence of stroke has been on an increase
not only in the elderly but also in middle-age population,
thus adversely affecting their productivity and quality of
life. These aspects contribute to a significant health as well
as economy and social burden of stroke. Epidemiological
data show a considerable decrease in stroke morbidity and
mortality in most West European countries, mainly be-
cause of the implementation of prevention measures. The
age-specific incidence of major stroke in the Oxford Vas-
cular Study has fallen by 40% over the past 20 years in as-
sociation with the increased use of preventive treatments
and major reductions in premorbid risk factors. On the
contrary, there has been a constant increase in the morbid-
ity and mortality of stroke in Croatia. A similar trend has
been observed in most Central and East European coun-
tries implying an epidemic of stroke in the near future. In
the last few years, there has been increasing evidence from
most fundamental research studies that have contributed
to better understanding of stroke pathogenesis, from the
association of ischemic type of stroke and specific genes
(gene encoding phosphodiesterase 4D in Island and 5-1y-
pooxigenase protein activation gene), the role of neu-
rotransmitters and excitoxicity of brain tissue damage, the
association of hyperhomocysteinemia and stroke, through
the role of oxidative stress and angiotensin II in vascular
wall damage, which can contribute to stroke.

Modern neuroimaging techniques have significantly
contributed to our perception of stroke, thus increasing the
demand for redefinition and new classification of stroke
and transient ischemic attack ('TTA), and indicating new
definitions such as acute ischemic cerebral syndromes
(AICS) or acute neurovascular syndromes. Noninvasive
diagnostic methods for functional and morphological brain
imaging like magnetic resonance (MR), computed tomog-
raphy (CT), single photon emission tomography (SPECT)
and positron emission tomography (PET) can provide
valuable information on cerebral perfusion patterns and
help in assessment of post-stroke brain tissue damage.
Doppler ultrasonography has the leading role in the assess-
ment of cerebral blood flow pathology. In addition to ex-
tracranial and transcranial Doppler (TCD), methods which
allow prompt evaluation of cerebrovascular status and
detection of blood vessel pathology, power Doppler, 3D
ultrasonography, transcranial color coded sonography
('TCCS) and functional TCD have frequently been used
in clinical practice. Furthermore, measurement of the in-
tima-media thickness (IMT) of carotid bifurcation and
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Mozdani udar je i nadalje treci uzrok smrtnosti u svi-
jetu, a prvi uzrok smrtnosti u Republici Hrvatskoj. Uz to,
mozdani udar je prvi uzrok invalidnosti u nas i u svijetu.
Svjedoci smo i Cinjenice da mozdani udar vise ne zahvaca
samo starije dobne skupine; u zadnje vrijeme od mozdanog
udara sve ¢esée obolijevaju 1 bolesnici u najproduktivnijim
godinama Zivota. Sve to ¢ini mozdani udar velikim
zdravstvenim kao 1 dustvenim i ekonomskim problemom.
Epidemioloski podaci iz zapadnih zemalja pokazuju sma-
njivanje pobola 1 smrtnosti od mozdanog udara u posljed-
njim desetljeima prosloga stoljeca, $to je izravna posljedica
preventivnih aktivnosti. Znacajan pad incidencije mo-
7danog udara od ¢ak 40% zabiljezen je u velikoj popu-
lacijskoj studiji, Oxfordshire Community Stroke Project,
koja je provedena u Velikoj Britaniji tijekom posljednjih 20
godina. Rezultati studije pokazali su kako primjena mjera
prevencije znacajno smanjuje predmorbidne rizi¢ne ¢im-
benike snizavajuci serumski kolesterol i povisen krvni tlak
te smanjujudi broj pusaca uz preventivnu primjenu anti-
agregacijske terapije 1 lijekova za snizavanje lipida 1 hi-
pertenzije. Nasuprot tome, podaci za Hrvatsku pokazuju
stalan porast pobola i smrtnosti od mozdanog udara. Sli¢an
nepovoljan trend porasta ucestalosti mozdanog udara
biljezi se 1 u ostalim drzavama srednje 1 istocne Europe, kao
1 u vedini zemalja u razvoju, pa se u dolazec¢im desetljeci-
ma predvida prava epidemija obolijevanja od mozdanog
udara.

Posljednjih godina svjedoci smo brojnih novih funda-
mentalnih otkri¢a o mozdanom udaru koja bi se mogla
pokazati znaCajnima u razumijevanju patogeneze mozda-
nog udara: od povezanosti obolijevanja od ishemijskog
mozdanog udara i prisutnosti odredenih gena (npr. pove-
zanosti gena za fosfodiesterazu 4D u Islandu, gen za pro-
tein koji aktivira 5-lipooksigenazu) preko uloge neurotrans-
mitera i ekcitotoksi¢nosti u o§tecenju mozdanog parenhi-
ma, povezanosti hiperhomocisteinemije i mozdanog udara,
pasve do uloge oksidativnog stresa i angiotenzina II. u oste-
¢enju stijenka mozdanih krvnih Zila, ¢ime se stvaraju predu-
vjeti za nastanak mozdanog udara.

Nove metode i tehnike slikovnog prikaza svakim da-
nom obogacuju spoznaje o mozdanom udaru, tako da su
posljednjih godina sve brojniji prijedlozi da se redefiniraju
kriteriji i klasifikacija prolaznih ishemijskih napadaja (‘'TTA)
1 mozdanog udara, pa se sve vise govori o akutnim ishemij-
skim cerebralnim sindromima (AICS), odnosno o akutnim
neurovaskularnim sindromima. Neinvazivne metode za
funkcionalni 1 anatomski prikaz mozga, mozdanog krvoto-
ka 1 metabolizma poput magnetske rezonancije (MR)i
kompjutorizirane tomografije (CT), jednofotonske emi-
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carotid arteries by means of extracranial Doppler has an
important role as an independent factor for stroke predic-
tion. The advantages of Doppler ultrasonography meth-
ods are noninvasiveness, low cost, and the possibility of
repeat examination at bedside. Doppler diagnostic meth-
ods are invaluable tools often used in cerebral blood eval-
uation in primary stroke prevention as well as in second-
ary stroke prevention after carotid surgery. At this point,
we are able to treat efficiently ischemic stroke with r'TPA-
thrombolysis, within the first 3 hours from stroke onset.
Thrombolysis treatment must be performed according to
clinical protocol because any protocol deviation can pro-
duce serious adverse events. Although, thrombolysis can
only be used in a small number of patients, it is regarded
as a guideline to urgent and efficient ischemic stroke treat-
ment. Besides research studies about TCD-enhanced
thrombolysis, numerous investigations of penumbra region
have been conducted. Unfortunately, the risk of hemor-
rhage is another serious obstacle in thrombolysis treat-
ment. New clinical evidence show that some enzymes like
metalloproteinase might induce secondary hemorrhage
after thrombolysis. Preliminary research studies of the use
of neuroimaging methods (perfusion MRI and diffusion
MRI, PET) might prolong the 3-hour window in a strictly
selected group of ischemic stroke patients.

Besides thrombolysis, antiaggregation therapy has an
important role in ischemic stroke management. It is rec-
ommended not only in acute ischemic stroke treatment
but also after TIA and in patients with risk factors for
stroke. Anticoagulation therapy is indicated in specific
circumstances of acute ischemic stroke and also in second-
ary prevention of cardiac diseases (atrial fibrillation). In
patients with high-grade carotid artery stenosis, endarter-
ectomy is still therapy of choice. Besides classic endarter-
ectomy, there has been an increasing number of carotid
artery surgeries performed in local anesthesia, while blood
vessel dilatation and stenting are restricted to controlled
clinical trials.

Results of large clinical studies have shown that stroke
management in specialized stroke units can significantly
reduce the mortality and neurologic disability even with-
out thrombolysis treatment.

Therefore, restructuring of health care services is ur-
gent because stroke must be accepted as medical emer-
gency that requires emergency transport to an appropri-
ately equipped medical center where stroke patients can
be treated properly. In spite of all this, stroke is associated
with high mortality rates. Stroke patients are often disabled
by severe neurologic and functional limitations in move-

Acta Clin Croat, Vol. 43, Suppl. 1, 2004

sijske tomografije mozga (SPECT) i pozitronske tomo-
grafije mozga (PET) pomazu u procjeni cerebrovaskularnih
poremecaja te stupnja oSteéenja nakon vaskularnog inzul-
ta. U dijagnostici patologije mozdane cirkulacije dopler-ska
je sonografska dijagnostika postala nezaobilaznom meto-
dom. Osim ekstrakranijskog obojenog doplera i transk-
ranijskog doplera koji omoguduju brzu procjenu cere-
brovaskularnog statusa bolesnika te prikaz raznih patolosk-
ih stanja na krvnim zilama, sve vise se upotrebljavaju
osnazeni dopler, trodimenzijski dopler, bojom kodirana
transkranijska sonografija i funkcionalni transkranijski
dopler. Osim toga, doplerska ultrasonografija omogucuje
mjerenje debljine intime 1 medije (intima-media thickness,
IMT) karotidnih arterija i karotidne bifurkacije kao znaca-
jnog predskazatelja za nastanak mozdanog udara. Sve te
pretrage su neinvazivne, mogu se ponavljati bez rizika za
bolesnika, a pogodne su i za primjenu uz bolesnicki kre-
vet. Time su postale glavnom dijagnostickom metodom
kako u primarnoj prevenciji cerebrovaskulamih bolesti, u
pracenju promjena mozdane cirkulacije, tako 1 u sekundar-
noj prevenciji 1 u praéenju bolesnika nakon operacijskih
zahvata.

Prvi put u povijesti na raspolaganju nam stoji u¢inko-
vito lijeCenje ishemijskog mozdanog udara otapanjem
ugruska, tj. trombolizom uz primjenu rekombiniranog
tkivnog aktivatora plazminogena, ali samo unutar prva tri
sata od nastanka mozdanog udara. Lijecenje se provodi po
to¢no odredenom protokolu, jer svako odstupanje donosi
velik rizik komplikacija. Iako je trombolizu moguce provesti
samo u malog broja bolesnika, ona je putokaz da terapija
ishemijskog mozdanog udara postoji i da treba naglasavati
potrebu brze reakcije bolesnika, njegove okoline i medicin-
skog osoblja. Uz najnovija istrazivanja usmjerena ka pot-
pomaganju trombolize pomoc¢u kontinuiranog promatranja
transkranijskim doplerom (TCD-om) provode se brojna
istrazivanja koja imaju za cilj djelovati na penumbru.
Nazalost, opasnost od sekundarnih krvarenja dodatno ko-
mplicira primjenu tromboliti¢ne terapije. Novija istra-
Zivanja ukazuju na ulogu metaloproteinaza u nastanku se-
kundarnih krvarenja nakon trombolize i mozda otvaraju
nove mogucnosti u povecanju sigurnosti primjene rekom-
biniranog tkivnog aktivatora plazminogena. Nadalje, pre-
liminarna istrazivanja primjene novih, sofisticiranih metoda
slikovnog prikaza (npr. perfuzijske i difuzijske tehnike
magnetske rezonancije, perfuzijska kompjutorizirana to-
mografija) pobuduju nadu u produzenje trosatnog ter-
apijskog prozora u odredenih, strogo odabranih bolesnika.

U terapiji ishemijskog mozdanog udara se uz tromboli-
zu primjenjuje 1 antiagregacijsko lije¢enje. Uz terapiju akut-
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ment, communication, perception, cognition, and many
have neuropsychological deficits like cognitive impair-
ment, post-stroke dementia and post-stroke depression.

Rehabilitation is the key word in post-stroke care. Early
rehabilitation might reduce disability and functional sys-
tem impairment. Although rehabilitation programs do not
alter neurologic deficit, they may contribute to the pa-
tient’s physical independence. Rehabilitation team that
comprises multidisciplinary collaboration helps the pa-
tients in every day activities including their families.

The best approach to stroke management is preven-
tion. Primary endpoint of stroke prevention is reduction
in the risk of stroke by influencing stroke risk factors. The
major risk factors for stroke include hypertension, elevat-
ed serum lipid levels, myocardial infarction, atrial fibrilla-
tion, carotid artery stenosis, diabetes, smoking and alco-
hol consumption, inappropriate dietary habits and inade-
quate physical activity.

Recently published data from large, randomized clin-
ical trials show that lowering of blood pressure and elevat-
ed cholesterol is associated with a significant decrease in
stroke risk. Besides blood pressure and cholesterol lower-
ing it seems that the use of angiotensin-converting enzyme
inhibitors (ACEI), angiotensin receptor blockers (ARB),
calcium antagonists (CA) and statins could provide some
additional beneficial effects in reducing the risk of stroke.
Statins could have a beneficial effect on stabilizing athero-
sclerotic plaque. In the last few years, stroke management
has significantly improved, mainly due to numerous re-
search studies.

Considering new clinical evidence in stroke manage-
ment, we must recognize stroke as a medical emergency
that should be treated at specialized stroke units, empha-
sizing the need of establishing such units in all major health
institutions throughout the country. Recommendations for
stroke management could significantly improve stroke care
organization and contribute to the reduction of stroke
mortality in Croatia.
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nog ishemijskog mozdanog udara primjena antiagre-
gacijskih lijekova preporuca se i osobama s ¢imbenicima ri-
zika, te nakon TTA. Antikoagulantna terapija indicirana je
u posebnim slucajevima akutnog ishemijskog mozdanog
udara, a u sekundarnoj prevenciji nalazi mjesto kod odre-
denih sréanih bolesti (atrijska fibrilacija). Kod simpto-
matskih bolesnika sa zna¢ajnom stenozom karotidnih ar-
terija kirurski zahvat je i nadalje terapija izbora. Uz klasi¢nu
endarterektomiju sve ¢esée se primjenjuje operacijski za-
hvat na karotidnim arterijama u lokalnoj anesteziji, dok su
metode dilatacije arterija 1 stentinga i dalje ogranicene
samo na kontrolirana klinicka ispitivanja.

Rezultati velikih klini¢kih ispitivanja pokazali su kako
se zbrinjavanjem bolesnika u primjereno opremljenim
odjelima (jedinice za lije¢enje mozdanog udara, stroke units)
¢ak 1 bez primjene trombolize znac¢ajno smanjuju smrtnost
i invalidnost bolesnika. Stoga je neophodna reorganizacija
medicinske sluzbe kako bi se mozdani udar shvatio kao
hitno stanje koje zahtijeva hitan transport u primjereno
opremljenu ustanovu gdje ¢e se bolesnike mo¢i odgovara-
juce zbrinuti.

Unato¢ znacajnom napretku u zbrinjavanju bolesnika
s mozdanim udarom, mozdani udar je i nadalje je povezan
sa znacajnom smrtnos¢u. U bolesnika nakon preboljelog
mozdanog udara vrlo Cesto zaostaju teska neuroloska os-
tecenja i funkcionalna ogranicenja u kretanju, komuni-
kaciji, percepciji, spoznaji, a sve vise se govori 1 o psihickim
1 neuropsiholoskim promjenama nakon preboljelog
mozdanog udara, od vaskularnih kognitivnih ostecenja do
vaskularne demencije i depresije. Rehabilitacija je klju¢na
u zbrinjavanju bolesnika s preboljelim mozdanim udarom.
Rano zapocetom rehabilitacijom moguée je dodatno sma-
njiti invalidnost i ostecenja funkcionalnih sustava. lako re-
habilitacijski programi ne mijenjaju neuroloski deficit
bolesnika, mogu znacajno pridonijeti osamostaljivanju
bolesnika. Kvalitetnu rehabilitaciju treba provoditi multi-
disciplinski tim stru¢njaka, a bolesnici i ¢lanovi njihovih
obitelji moraju biti ukljuceni u rehabilitacijski proces.

Prevencija je 1 nadalje najbolji pristup mozdanom uda-
ru. Cilj prevencije je smanjiti rizik od nastanka mozdanog
udara djelovanjem na ¢imbenike rizika. Naj¢esci ¢imbeni-
ci rizika ukljucuju hipertenziju, povisene vrijednosti lipi-
da u serumu, infarkt miokarda, atrijsku fibrilaciju i karotid-
nu stenozu, Secernu bolest, pusenje 1 konzumiranje alko-
hola, neprimjerenu prehranu te smanjenu tjelesnu ak-
tivnost. Rezultati velikih kontroliranih, dvostruko slijepih,
placebom kontroliranih studija objavljeni posljednjih god-
ina pokazuju kako bi novije generacije antihipertenziva
(npr. inhibitori konvertaze angiotenzina /ACEI/, blokatori

Acta Clin Croat, Vol. 43, Suppl. 1, 2004



Second Congress of Croatian Society for Neurovascular Disorders of Croatian Medical Association
Drugi kongres Hrvatskoga drustva za neurovaskularne poremecaje Hrvatskoga lije¢ni¢kog zbora

5. ROTHWELL PM, COULL AJ. Change in stroke incidence, mor-
tality, case-fatality, severity, and risk factors in Oxfordshire, UK from
1981 to 2004 (Oxford Vascular Study). Lancet 2004;363:1925-34.

6. GRETARSDOTTIR S, THORLEIFSSON G, REYNISDOTTIR
ST, MANOLESCU A, JONSDOTTIRS, JONSDOTTIRT, GUD-
MUNDSDOTTIR T, BIARNADOTTIR SM, EINARSSON OB,
GUDJONSDOTTIR HM, HAWKINS M, GUDMUNDSSON G,
GUDMUNDSDOTTIR H,ANDRASON H, GUDMUNDSDOT-
TIRAS, SIGURDARDOTTIRM, CHOU T'T, NAHMIAS ], GOSS
S, SVEINBJORNSDOTTIR S, VALDIMARSSON EM, JAKOBS-
SON E AGNARSSON U, GUDNASON V, THORGEIRSSON G,
FINGERLE J, GURNEY M, GUDBJARTSSON D, FRIGGE ML,
KONG A, STEFANSSON K, GULCHER JR. The gene encoding
phosphodiesterase 4D confers risk of ischemic stroke. Nat Genet
2003;35:131-8.

7. ALBERS GW, CAPLAN LR, EASTON JD, FAYAD PB, MOHR JP,
SAVER JL, SHERMAN DG; TIA Working Group. Transient is-
chemic attack — proposal for a new definition. N Engl ] Med
2002;347:1713-6.

8. KIDWELL CS, WARACH S. Acute ischemic cerebrovascular syn-
drome — diagnostic criteria. Stroke 2003;34:2995-8.

9. KENNEDY ], BUCHAN AM. Acute neurovascular syndromes: hurry
up, please, it’s time. Stroke 2004;35:360-2.

10. DEMARIN V, LOVRENCIC-HUZJAN A, SERIC V, VARGEK-
SOLTER YV, TRKANJEC Z, VUKOVIC V, LUPRET V, KALOUSEK
M, DESYO D, KADOJIC D, LUSIC I, DIKANOVIC M, VITAS M.
Recommendations for stroke management. Acta Clin Croat
2001;40:127-54.

11. DEMARIN V, LOVRENCIC-HUZJAN A, SERIC V, VARGEK-
SOLTERYV, TRKANJEC Z, VUKOVIC V, LUPRET V, KALOUSEK
M, DESYO D, KADOJIC D, LUSIC I, DIKANOVIC M, VITAS M.
Preporuke za zbrinjavanje bolesnika s mozdanim udarom. Prvi dio:
Organizacija skrbi za bolesnike s mozdanim udarom, lije¢enje
moZdanog udara i neurorehabilitacija. Lijec Vjesn 2003;125:200-12.

12. DEMARIN V, LOVRENCIC-HUZJAN A, SERIC V, VARGEK-
SOLTERYV, TRKANJEC Z, VUKOVIC V, LUPRET V, KALOUSEK
M, DESYO D, KADOJIC D, LUSIC I, DIKANOVIC M, VITAS M.
Preporuke za zbrinjavanje bolesnika s mozdanim udarom. Drugi dio:
Primarna i sekundarna prevencija mozdanog udara. Lijec Vjesn
2003;125:322-8.

13. PROVENZALE JM, JAHAN R, NAIDICH TP, FOX A]. Assess-
ment of the patient with hyperacute stroke: imaging and therapy
(review). Radiology 2003;229:347-59.

14. XAVIER AR, QURESHI AI, KIRMANI JE YAHIA AM, BAKSHI R.
Neuroimaging of stroke: a review (review). South Med |
2003;96:367-79.

Acta Clin Croat, Vol. 43, Suppl. 1, 2004

kalcijevih kanala, blokatori angiotenzinskih receptora)
mogli uz djelovanje na snizavanje tlaka imati i dodatne
povoljne u¢inke na smanjivanje rizika od mozdanog udara.
"Tako i za statine postoje neizravni dokazi da bi mogli imati
dodatno djelovanje u prevenciji mozdanog udara, uz njiho-
vo povoljno djelovanje na snizavanje razine kolesterola,
najvjerojatnije djelovanjem na stabiliziranje ateroskle-
rotskih plakova.

Posljednjih godina svjedoci smo znacajnog napretka u
zbrinjavanju bolesnika s mozdanim udarom. Uzimajuéi u
obzir brojna istrazivanja koja su u tijeku, za vjerovati je da
¢emo u buduénosti biti svjedoci i vecih iskoraka.

Nazalost, sve navedene spoznaje jo$ uvijek nisu opée
prihvaéene i Cesto se u praksi ne primjenjuju. Stoga je
nuzno potrebno medu zdravstvenim djelatnicima i u
pucanstvu Siriti spoznaju da se mozdani udar moze sprijeci-
ti dosljednom primjenom razli¢itih metoda primarne i
sekundarne prevencije. Takoder valja stalno naglasavati
kako je mozdani udar hitno medicinsko stanje koje zahtije-
va hitan zdravstveni tretman u primjereno opremljenim
jedinicama, tj. jedinicama za lijeCenja mozdanog udara, koje
bi trebalo osnovati u svim veéim zdravstvenim ustanova-
ma u Republici Hrvatskoj. Dosljedna i sveobuhvatna
primjena objavljenih preporuka za zbrinjavanje bolesnika
s mozdanim udarom moze tome znacajno doprinijeti.
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"The World Health Organization (WHO) calls attention
to the serious fact that more than 16.5 million people in
the world and more than 5 million people in Europe die
from cardiovascular disease per year. The proportion of
cerebrovascular diseases in the world and in Europe is
32.9% and 29.4%, respectively. Globally, cerebrovascular
diseases are the cause of death in some 5.5 million peo-
ple, 1.5 million of these in Europe. In 1990, cerebrovascu-
lar diseases ranked second, immediately following ischemic
heart disease, of the 15 most common causes of death.
Projections for 2020 show that these two groups of diseas-
es will continue to be the leading causes of death world-
wide. According to the Global Burden of Disease study,
expressed as Disability Adjusted Life Years (DALY), cere-
brovascular diseases ranked sixth among the 15 leading
causes of disease and lesions in the world in 1990. The
estimates for 2020 predict these diseases to rank fourth
at the global level, immediately after ischemic heart dis-
ease, major depression and injuries inflicted in traffic ac-
cidents, and second in industrialized countries, immedi-
ately following ischemic heart disease.

Epidemiological studies for Europe show great differ-
ences in the cardiovascular disease overall mortality rates.
The lowest rates are recorded in the countries of West
Europe, especially in Mediterranean countries, and high-
est in the countries of Central and East Europe.

In the group of cardiovascular diseases, the main caus-
es of death are ischemic heart diseases and cerebrovascu-
lar diseases. As for ischemic heart diseases, the mortality
rates for cerebrovascular diseases are also lowest in the West
Europe countries and highest in East Europe countries.
"The analysis of mortality records from 30 European coun-
tries performed by Sans ¢7 4/. has shown the standardized
mortality rate of cerebrovascular diseases in men aged 45-
74 in the 1990-1992 period to be lowest in Switzerland (54/
100,000), France (67/100,000) and Island (75/100,000),
and highest in Bulgaria (396/100,000), Russian Federation
(409/100,000) and Ukraine (606/100,000). In women, the
lowest rates were also recorded in Switzerland (32/
100,000), France (35/100,000) and Island (48/100,000),
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Svjetska zdravstvena organizacija (SZ0O) upozorava
kako na godinu u svijetu od kardiovaskularnih bolesti umire
preko 16,5 milijuna, a u Europi vise od 5 milijuna ljudi. Udio
cerebrovaskularnih bolesti na razini svijeta iznosi 32,9%, a
u Europi 29,4%. Globalno cerebrovaskularne bolesti uzrok
su smrti u oko 5,5 milijuna ljudi, a od toga blizu 1,5 mili-
jun u Europi. Cerebrovaskularne bolesti 1990. godine nala-
zile su se na drugom mjestu iza ishemijskih bolesti srca
medu 15 naj¢escih uzroka smrti, a projekeije za 2020. go-
dinu govore da ¢e ove dvije skupine i dalje biti vodeéi uzrok
smrti u svijetu. Prema studiji Globalnog optereéenja boles-
tima izrazeno u godinama zivota s invaliditetom (zsability
adjusted life year, DALY) medu 15 vodeéih uzroka bolesti i
ozljeda u svijetu 1990. godine cerebrovaskularne bolesti
bile su svrstane na Sesto mjesto. U procjenama za 2020.
godinu predvida da ¢e se na razini svijeta nalaziti na etvr-
tom mjestu, iza ishemijskih bolesti srca, velike depresije i
ozljeda u prometnim nesreéama, a u razvijenim zemljama
na drugom mjestu iza ishemijskih bolesti srca.

Epidemioloske analize na razini Europe pokazuju ve-
like razlike u stopama smrtnosti za kardiovaskularne bolesti
ukupno. Najnize stope smrtnosti biljezi se u zemljama
Zapadne Europe, osobito u mediteranskim zemljama, a
najvise su stope smrtnosti od ovih bolesti u zemljama Sre-
disnje i Isto¢ne Europe.

Glavni uzroci smrti iz skupine kardiovaskularnih bolesti
su ishemijske bolesti srca i cerebrovaskularne bolesti. Kako
za ishemijske bolesti srca tako su i1 za cerebrovaskularne
bolesti stope smrtnosti najnize u zemljama Zapadne Eu-
rope, a najvise u zemljama Isto¢ne Europe. Prema analizi
podataka o smrtnosti iz 30 europskih zemalja Sansa 1 surad-
nika, standardizirana stopa smrtnosti od cerebrovaskularnih
bolesti za dobnu skupinu od 45-74 godine 1990-1992.
godine za muskarce bila je najniza u gvicarskoj (54/
100.000), Francuskoj (67/100.000) i Islandu (75/100.000),
anajvisa u Bugarskoj (396/100.000), Ruskoj Federaciji (409/
100.000) i Ukrajini (606/100.000). Za Zene najnize stope
zabiljezene su takoder u Svicarskoj (32/100.000), Fran-
cuskoj (35/100.000) i Islandu (48/100.000), a najvise u
Bugarskoj (259/100.000), Ruskoj Federaciji (271/100.000)
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and highest in Bulgaria (259/100,000), Russian Federation
(271/100,000) and Ukraine (408/100,000). In men, the
highest rates were 11-fold lowest rates, whereas in wom-
en the highest to lowest rate ratio was as high as 13:1.

However, unlike cardiovascular diseases in total and
ischemic heart diseases, the standardized mortality rates
of cerebrovascular diseases in Mediterranean countries
show quite a wide range. For example, during the 1990-
1992 period the rate for men aged 45-74 was 67/100,000
in France and 276/100,000 in Portugal. The respective rates
for women were from 35/100,000 and 158/100,000. In all
countries, the age specific mortality rates are lower in
women than in men, and the mortality pattern is more
favorable for the former.

According to the American Heart Association Scientific
Statement from 2001, the incidence of ischemic stroke
increases from the age of 55 with each decade of life. The
incidence is higher in men (174/100,000) than in women
(122/100,000), with the overall incidence of 145/100,000.

The same institution summarized the current concepts
on the risk factors for ischemic stroke. The nonmodifiable
risk factors are age, sex, and family history of stroke or TITA.
The modifiable risk factors include hypertension, smok-
ing, diabetes mellitus, asymptomatic carotid stenosis, hy-
perlipidemias, atrial fibrillation and some other cardiac
diseases. Obesity, lack of physical activity, unfavorable di-
etary habits, alcohol abuse, hyperhomocysteinemia, hyper-
coagulability, hormone replacement therapy, oral contra-
ceptives and inflammatory processes are considered as yet
inadequately documented or potentially modifiable risk
factors. It is reported that the annual rate of stroke increas-
es with age and presence of risk factors, thus the expect-
ed rate of stroke is as follows:

* age <65, without risk factors 1.0%
* age <65, with risk factors 4.9%
* age 65-75, without risk factors 4.3%
* age 65-75, with risk factors 5.7%
* age 275, without risk factors 3.5%
* age = 75, with risk factors 8.1%

Epidemiologic Survey of Cerebrovascular
Diseases in Croatia

The general, specific and age standardized mortality
rates in total population and in the 0-64 age group, the rates
of hospitalization and of the diseases recorded at general
medicine service were used to present the patterns of ce-
rebrovascular disease mortality and morbidity in Croatia.
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1 Ukrajini (408/100000). Najvise stope u muskaraca bile su
11 puta veée u odnosu na najniZe stope, a u Zena je omjer
najvisih stopa u odnosu na najnize bio ¢ak 13:1.

Medutim, za razliku od kardiovaskularnih bolesti ukup-
no 1 ishemijskih bolesti srca, standardizirane stope smrt-
nosti od cerebrovaskularnih bolesti u mediteranskim zem-
ljama pokazuju dosta velik raspon. Primjerice, za muskarce
u dobi od 45-74 godine 1990-1992. godine stopa je u Fran-
cuskoj iznosila 67, a u Portugalu 276/100.000. Odgovara-
juce stope za zene kretale su se od 35 u Francuskoj do 158/
100.000 u Portugalu. U svim su zemljama dobno specifi¢ne
stope smrtnosti niZe u Zena nego u muskaraca, a i kretanje
smrtnosti je povoljnije za Zene nego za muskarce.

Prema American Heart Association Scientific State-
ment iz 2001. godine incidencija ishemijskog mozdanog
inzulta od 55. godine Zivota udvostrucuje se za svako
desetljece zivota. Incidencija je visa u muskaraca (174/
100.000) nego u Zena (122/100.000), dok ukupna inciden-
cija iznosi 145/100.000.

Isti izvor sabrao je suvremene spoznaje o ¢imbenicima
rizika za ishemijski mozdani inzult. Medu ¢imbenicima na
koje se ne moze utjecati su dob, spol i inzult ili TIA u
obiteljskoj anamnezi. Medu ¢imbenike na koje se moze
utjecati ubraja hipertenziju, pusenje, SeCernu bolest, asim-
ptomatsku stenozu karotide, hiperlipidemije, atrijsku fib-
rilaciju 1 jo$ neke sr¢ane bolesti. Pretilost, tjelesnu neak-
tivnost, nepravilnu prehranu, prekomjerno uzimanje alko-
hola, hiperhomocisteinemiju, hiperkoagulabilnost, hor-
monsko nadomjesno lijeCenje, uzimanje oralnih kontracep-
tiva 1 upalne procese ubraja u dosad nedovoljno dokumen-
tirane ili potencijalno izmjenjive ¢imbenike rizika. Navo-
di se da godisnja stopa inzulta raste s dobi i prisutnoséu
rizi¢nih ¢imbenika, tako da ocekivana godisnja stopa inzul-
ta 1znosi:

* do 65 godina, bez ¢imbenika rizika 1,0%
* do 65 godina, s ¢imbenicima rizika 4.9%
* 65-75 godina, bez ¢imbenika rizika 4,3%
* 65-75 godina, s ¢imbenicima rizika 5,7%
75 1 viSe godina, bez ¢imbenika rizika 3,5%
e 75 1 vise godina, s ¢cimbenicima rizika 8,1%

Epidemioloski prikaz cerebrovaskularnih
bolesti u Hrvatskoj

Za prikaz kretanja smrtnosti i pobola od cerebrovasku-
larnih bolesti u Hrvatskoj u radu se rabe opce, specifi¢ne i
dobno standardizirane stope smrtnosti ukupno i za dobnu
skupinu od 0-64 godine, te stope hospitalizacije 1 bolesti
registrirane u op¢oj medicini. U Hrvatskoj su kardiovasku-
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In Croatia, cardiovascular diseases are the leading cause
of death. In 2003, there were 27,872 deaths due to cardio-
vascular diseases, accounting for 53.0% of overall mortali-
ty. The most common diagnostic subgroups specified as
the cause of death are ischemic heart disease (WHO ICD
120-125) with 33.1% and cerebrovascular diseases (WHO
ICD 160-169) with 31.3%.

It should be emphasized, however, that cerebrovascu-
lar diseases ranked second, immediately following ischemic
heart disease, among the 10 leading causes of death in 2003
(analyzed according to parameters for the WHO Health
for All program), and accounted for 15.9% of overall mor-
tality. Cerebrovascular diseases are the second most com-
mon cause of death in both men and women, where they
account for 13.2% and 18.7% of overall mortality, respec-
tively. This means that every seventh to eighth man and
almost every fifth woman in Croatia die from cerebrovas-
cular disease.

The general rate of cerebrovascular disease mortality
rose until 1989, when it was 182.5/100,000, whereafter the
rising trend was observed to stop. In 1990, the rate was
181.1/100,000, then stagnating at a lower level between
1991 and 1995 to increase to 184.4/100,000 in 1996. In
1998, the rate was 184.0/100,000 (it should be noted that
in this year, the methodology of vital events registration
was changed, i.e. persons staying in Croatia for more than
one year were also recorded in addition to Croatian citi-
zens). In 2000, the rate was 191.3/100,000, and in 2003 it
was 188.4/100,000.

During the 1985-2003 period, the lowest absolute
number of deaths from cerebrovascular diseases in Croat-
ia was recorded in 1992, i.e. 7925 or 32.0% of all causes of
death from the group of cardiovascular diseases. The high-
est number of deaths due to cerebrovascular diseases
(n=8901) was recorded in 1999, accounting for 32.9% of
all deaths from cardiovascular diseases, whereas in 2003
there were 8360 (30.0%) such deaths.

Until 1991, the general mortality rate for cerebrovas-
cular diseases (177.14/100,000) exceeded the mortality
rate for ischemic heart diseases (136.43/100,000). An
abrupt increase in the diagnostic group of ischemic heart
diseases as the cause of death occurred in 1991 (136.43/
100,000) and 1992 (182.26/100,000) as compared with
1990 (82.40/100,000). The reason for this was the changed
methodology of death cause registration and processing,
and since then the mortality rates for ischemic heart dis-
eases have been continuously higher than the mortality
rates for cerebrovascular diseases.

Analysis according to age reveals the number of deaths
and age specific mortality rates due to cerebrovascular
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larne bolesti vode¢i uzrok smrti. Godine 2003. zabiljezene
su 27.872 osobe umrle zbog bolesti srca i krvnih Zila, a udio
u ukupnoj smrtnosti iznosio je 53,0%. Najcesée dijag-
nosticke podskupine kao uzrok smrti su ishemijska bolest
srca (Sifre [20-125 MKB SZO) s udjelom od 33,1% i cere-
brovaskularne bolesti (Sifre 160-169 MKB SZO) s udjelom
od 31,3%.

Medutim, treba istaknuti da se medu 10 vodecih uzro-
ka smrti u Hrvatskoj 2003. godine (analizirano sukladno
pokazateljima za program “Zdravlje za sve” SZO) cere-
brovaskularne bolesti nalaze na drugom mjestu, iza ishe-
mijske bolesti srca, a njihov udio u ukupnoj smrtnosti iznosi
15,9%. One se nalaze na drugom mjestu s udjelom od 13,2%
odnosno 18,7% u ukupnoj smrtnosti muskaraca i Zena. 'To
zapravo znaci da svaki sedmi do osmi muskarac 1 gotovo
svaka peta Zena u Hrvatskoj umiru od cerebrovaskularne
bolesti.

Opca stopa smrtnosti od cerebrovaskularnih bolesti
rasla je do 1989. godine, kada je iznosila 182,5/100.000, a
potom se zapaZa zaustavljanje trenda porasta ovih stopa.
Godine 1990. stopa iznosi 181,1/100.000, u razdoblju od
1991. do 1995. oscilira na nesto nizoj razini, 1996. se penje
na 184,4, 1998. iznosi 184,0/100.000 (uz napomenu da je
te godine doslo do metodoloskih promjena registracije vi-
talnih dogadaja tako da se uz drzavljane Hrvatske regis-
triraju 1 osobe koje u Hrvatskoj borave duZe od godinu
dana). Godine 2000. stopa iznosi 191,3/100.000, a 2003.
godine 188,4/100.000.

U Hrvatskoj je u razdoblju od 1985. do 2003. godine
najnizi apsolutni broj umrlih od cerebrovaskularnih bolesti
zabiljezen 1992. godine, a iznosio je 7925 ili 32,0% svih
uzroka smrti iz skupine kardiovaskularnih bolesti. Najveci
broj umrlih od cerebrovaskularnih bolesti (8901 osoba)
zabiljezen je 1999. godine s udjelom od 32,9% u ukupnom
broju umrlih od kardiovaskularnih bolesti srca, dok je 2003.
godine taj broj iznosio 8360, a udio 30,0%.

Opca stopa smrtnosti od cerebrovaskularnih bolesti bila
je do 1991. visa (177,14/100.000) nego stopa smrtnosti od
ishemijskih bolesti srca (136,43/100.000). Nagliji porast
dijagnosticke skupine ishemijskih bolesti srca kao uzroka
smrti zabiljeZen je 1991. (136,43/100.000) 1 1992. (182,26/
100.000) godine u odnosu na 1990. godinu (82,40/
100.000), sto je bilo uzrokovano promjenama u registriranju
1 obradi uzroka smrti, otkada su stope smrtnosti za ishe-
mijske bolesti srca kontinuirano vise od stopa smrtnosti za
cerebrovaskularne bolesti.

Analiza prema dobi pokazuje kako broj umrlih i dobno
specifi¢ne stope smrtnosti od cerebrovaskularnih bolesti
rastu s dobi, a izrazitiji porast biljeZi se poslije 50. godine
zivota. U Hrvatskoj su stope smrtnosti od cerebrovasku-
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diseases to increase with age, the increase being more pro-
nounced after the age of 50. In Croatia, the cerebrovascu-
lar disease mortality rates are higher in men than in wom-
en for all age groups.

Mortality analysis according to sex shows the general
mortality rates for cerebrovascular diseases in 2003, like-
wise previous years, to be higher in women (211.7/100,000)
than in men (163.33/100,000), whereas the overall rate was
188.4/100,000. The reason for this was the greater num-
ber of deaths among females from older age groups and the
considerably higher proportion of elderly women as com-
pared with elderly men, all this resulting in a higher over-
all mortality rate from cerebrovascular diseases in women.

In Croatia, the most common cause of death as indi-
vidual diagnosis from the group of cerebrovascular diseas-
es is stroke unspecified as hemorrhage or infarction (WHO
ICD X rev., 164). In 2003, this diagnosis accounted for
72.9% of all deaths from cerebrovascular diseases, followed
by cerebrovascular disease sequels (169) with 9.5% and
intracerebral hemorrhage (161) with 8.1%.

For Croatia, the age adjusted mortality rates for from
the WHO Health for All program database for 2002 (the
latest comparable data available) were as follows: 482.5/
100,000 for overall cardiovascular diseases; 159.5/100,000
for ischemic heart disease; and 145.3/100,000 for cere-
brovascular diseases. These rates were lower than the av-
erage rates for the Central and East Europe countries for
overall cardiovascular diseases (526.2/100,000) and ischem-
ic heart disease (184.1/100,000), and slightly higher than
the average rates for cerebrovascular diseases (144.7/
100,000). However, the Croatian rates exceeded the aver-
age rates for Europe as a whole in 2001 (the latest compa-
rable data available) for cardiovascular diseases (469.0/
100,000) and cerebrovascular diseases (137.5/100,000),
but were lower in case of ischemic heart disease (219.9/
100,000).

Considering deaths due to cerebrovascular diseases in
the £64 age groups, the 2002 rate for Croatia was 24.5/
100,000 and was below the standardized rate for Central
and East Europe countries (30.0/100,000) and 2001 Eu-
ropean average rate (30.0/100,000).

Cardiovascular diseases also are the leading cause of
hospitalization with more than 76,871 hospitalizations in
total and accounted for 13.8% of overall hospitalizations in
Croatia in 2002, even before neoplasms with 13.1%. In
2002, the hospitalization rate was 1736.8/100,000. Cere-
brovascular diseases were the third most common cause
of hospitalization among cardiovascular diseases, account-
ing for 22.9%, immediately following ischemic heart dis-
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larnih bolesti u svim dobnim skupinama vise u muskaraca
nego u zena.

Analiza smrtnosti prema spolu pokazuje da su za cere-
brovaskularne bolesti opce stope smrtnosti 2003. godine,
kao i ranijih godina, viSe u Zena (211.7/100.000) nego u
muskaraca (163,33/100.000), dok ukupna stopa iznosi
188,4/100.000. Razlog tome je vedi broj umrlih Zena u sta-
rijim dobnim skupinama, kao i znatno ve¢i broj starijeg Zen-
skog nego muskog stanovni$tva, Sto rezultira viSom ukup-
nom stopom smrtnosti od cerebrovaskularnih bolesti u
Zena.

Najucestaliji uzrok smrti kao pojedinacna dijagnoza iz
skupne cerebrovaskularnih bolesti u Hrvatskoj je mozdani
udar nespecificiran kao krvarenje ili infarkt (164 X. rev.
MKB SZ0). Udio ove dijagnoze u broju umrlih od cere-
brovaskularnih bolesti 2003. godine iznosio je 72,9%.
Slijede posljedice cerebrovaskularnih bolesti (169) s udje-
lom od 9,5% 1 intracerebralno krvarenje (161) s udjelom od
8,1%.

Dobno standardizirane stope smrtnosti iz baze poda-
taka SZO za program “Zdravlje za sve” za Hrvatasku
iznosile su 2002. godine (zadnji usporedivi raspoloZivi
podaci) 482,5/100.000 za bolesti srca i krvnih zila ukupno,
zaishemijsku bolest srca 159,5/100.000 te za cerebrovasku-
larne bolesti 145,3/100.000. Navedene stope bile su nize
od prosjeka stopa zemalja Srednje 1 Isto¢ne Europe za
bolesti srca i krvnih zila ukupno (526,2/100.000) i ishe-
mijske bolesti srca (184,1/100.000), a neznatno vise za
cerebrovaskularne bolesti (144,7/100.000). Navedne stope,
medutim, vise su od prosjec¢nih stopa za Europu ukupno
2001. godine (zadnji usporedivi raspolozivi podaci) za kar-
diovaskularne bolesti (469,0/100.000) i cerebrovaskularne
bolesti (137,5/100.000), a nize za ishemijske bolesti srca
(219,9/100.000).

Medutim, za umrle od cerebrovaskularnih bolesti u
dobi do 64 godine za Hrvatsku stopa je 2002. godine iznosi-
la 24,5/100.000 1 bila je niza od standardizirane stope za
zemlje Srednje i Isto¢ne Europe (30,0/100.000), kao i od
prosjeka za Europu 2001. godine (30.0/100.000).

Kardiovaskularne bolesti su i vodeci uzrok hospitaliza-
cija s ukupno preko 76.871 hospitalizacija i udjelom od
13.8% u ukupnom broju hospitalizacija u Hrvatskoj 2002.
godine, a ispred novotvorina udio kojih iznosi 13,1%. Sto-
pa hospitalizacije iznosila je 2002. godine 1736,8/100.000.
Cerebrovaskularne bolesti nalazile su se na tre¢em mjes-
tu uzroka hospitalizacije medu kardiovaskularnim boles-
tima s udjelom od 22,9%, iza ishemijskih bolesti srca
(26,5%) 1 ostalih oblika sr¢anih bolesti (Sifre 130-132 MKB
S70) (25,0%). Stopa hospitalizacije za cerebrovaskularne
bolesti iznosila je 2002. godine 396,7/100.000.
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eases (26.5%) and other cardiac diseases (WHO ICD 130-
132) (25.0%). In 2002, the rate of hospitalization for cere-
brovascular diseases was 396.7/100,000.

In 2002, the most common cause of hospitalization
from the group of cerebrovascular diseases was cerebral
infarction (WHO 1CD X rev., 163) with 41.0%, followed
by stroke unspecified as hemorrhage or infarction (164)
with 29.4%, and intracerebral hemorrhage (161) with 8.3%.

According to the number of diagnoses recorded in gen-
eral medicine service in Croatia in 2002, cardiovascular
diseases ranked second with 12.0%, immediately follow-
ing respiratory diseases accounting for 25.0%. The rate of
cardiovascular diseases registered at general medicine ser-
vice was 184.9/1000. The most common diagnostic sub-
group were hypertensive diseases with 54.2%, whereas
cerebrovascular diseases ranked fifth with 5.8% and rate
of 10.8/1000 diagnoses recorded at general medicine offic-
es.
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CLINICAL RELEVANCE OF STROKE EPIDEMIOLOGY STUDIES
KLINICKO ZNACENJE PROUCAVANJA EPIDEMIOLOGIJE MOZDANOG UDARA

Dragutin Kadoji¢

University Department of Neurology, Osijek University Hospital, Osijek, Croatia

Klinika za neurologiju, Klini¢ka bolnica Osijek, Osijek

Epidemiology as a science investigating the distribu-
tion of diseases and disability in human population as well
as factors influencing this distribution (World Health Or-
ganization /WHO/, 1967) has specific tasks and goals. The
most important tasks refer to investigation of the epide-
miological importance of a disease and factors influencing
individual and population health, identification of the caus-
es and factors that contribute to the occurrence, spread and
mode of disease dissemination, conducting epidemiolog-
ical studies of a disease, and proposal and implementation
of measures for prevention, control, elimination and erad-
ication of diseases. In this way, the preset goals of epide-
miology can be achieved, i.e.: reduction of morbidity, mor-
tality and lethality of a particular disease, prevention of
disability and disablement, and reduction of overall social
and economic burden of the disease.

Like epidemiological investigations in general, the
neuroepidemiological monitoring of stroke implies the use
of descriptive, analytical and experimental studies. The
use of epidemiological principles and methods in clinical
medicine practice is known as clinical epidemiology. It is
also defined as bedside epidemiology or “science of med-
ical skill”. Tts goal is to reach a clear and rational decision
on when and how to treat, what drug to choose, etc. [tisa
basic science allowing for evidence based medicine to be
applied in clinical practice. The population based neuroep-
idemiological studies of stroke are important to determine
stroke morbidity (incidence and prevalence) and mortal-
ity as well as longterm outcome of the disease. Clinical
epidemiological studies enable early lethality and short-
term outcome of stroke to be estimate.

The internationally accepted standards need to be
employed in the epidemiological studies of stroke. WHO
defines stroke as “abrupt development of clinical signs of
focal (or global) impairment of cerebral functions with
symptoms lasting for 24 hours or more, or leading to death,
without any other apparent cause besides the signs of vas-
cular lesion”. In clinical practice, a classification has been
widely accepted which takes in consideration the patho-
logic-anatomic and pathophysiologic parameters, and
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Epidemiologija kao znanost koja proucava distribuciju
bolesti 1 invalidnosti u ljudskoj populaciji i ¢imbenike koji
utjeCu na takvu distribuciju (Svjetska zdravstvena organiza-
cija /SZO/, 1967.) ima svoje specificne zadatke 1 ciljeve.
Najvazniji zadaci odnose se na proucavanje epidemiolos-
kog znacenja bolesti i1 ¢imbenika koji utjeCu na zdravlje
pojedinca 1 populacije, identifikaciju uzroka i ¢cimbenika
koji pridonose pojavi bolesti, rasprostranjenosti i nacina
sirenja bolesti, provodenje epidemioloskih istrazivanja
bolesti, te predlaganje i provodenje mjera sprjecavanja,
suzbijanja, uklanjanja i iskorjenjivanja bolesti. Na taj na¢in
moguce je ostvarivanje ciljeva epidemiologije, a to su:
snizavanje pobola, smrtnosti i letaliteta odredene bolesti,
sprjecavanje invalidnosti i nesposobnosti te smanjenje
ukupnog socijalnog i ekonomskog tereta bolesti za drust-
venu zajednicu.

U neuroepidemioloskom pracenju mozdanog udara
(MU), kao 1 u epidemioloskim istrazivanjima opéenito rabe
se deskriptivne, analiticke 1 eksperimentalne studije. Pri-
mjena epidemioloskih nacela 1 metoda u praksi klini¢ke
medicine naziva se klinicka epidemiologija. Definira se jos
1 kao epidemiologija uz bolesnicki krevet ili kao “znanost
o umije¢u medicine”. Ona ima za cilj do¢i do jasne i racio-
nalne odluke o tome kada lijjeciti, kako lijeciti, koji lijek
odabrati itd. 1o je bazi¢na znanost koja omogucuje da se
na dokazima utemeljena medicina primijeni u klinickoj
praksi. Populacijske neuroepidemiologijske studije MU
vazne su za utvrdivanje pobola (incidencije i prevalencije)
i smrtnosti, te dugoro¢nog ishoda ove bolesti. Klinicke
epidemioloske studije omogucuju procjenu ranog letaliteta
1 kratkoro¢nog ishoda MU.

U epidemioloskim istrazivanjima MU u danasnje je
vrijeme nuzno rabiti medunarodno prihvaéene standarde.
SZ0 definira MU kao “naglo razvijanje klini¢kih znakova
zari$nog (ili globalnog) poremecaja mozdanih funkcija sa
simptomima koji traju 24 sata ili duze ili vode k smrti, bez
drugog jasnog uzroka uza znakove osteéenja krvnih zila”.
U klinickom radu $iroko je prihvaéena klasifikacija koja
uzima u obzir patolosko-anatomske i patofizioloske
parametre, te razlikuje hemoragijski mozdani udar (HMU)
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differentiates between hemorrhagic stroke accounting for
15%-20% and ischemic stroke accounting for 80%-85% of
cases. Hemorrhagic stroke subtypes are intracerebral hem-
orrhage of typical or atypical localization, which accounts
for some 15%, and subarachnoid hemorrhage (SAH), which
accounts for 5% of stroke cases. Subtypes of ischemic
stroke include thrombotic, embolic and hemodynamic
stroke. The International Classification of Diseases clas-
sifies cerebrovascular diseases (CVD) in almost the same
way, listing the following subgroups encoded 160-169: SAH,
intracerebral hemorrhage, other nontraumatic hemorrhag-
es, cerebral infarction caused by extracerebral or intrace-
rebral occlusion, and nonspecific stroke. The TOAST clas-
sification of ischemic stroke has proved quite convenient
and has recently been widely used, distinguishing the fol-
lowing categories: large blood vessel infarction, lacunar
infarction, cardioembolic infarction, infarction due to other
causes, and infarction of unknown causes.

Concepts on the presence of risk factors in stroke pa-
tients have resulted in numerous epidemiological studies
of these factors conducted in the last few decades in Croat-
ia and worldwide. The impact of some of these factors has
been definitely demonstrated, whereas the role of others
is still being investigated. Risk factors for stroke are gen-
erally classified according to the possibility of their preven-
tion into nonmodifiable risk factors, including age, sex,
heredity, race and/or ethnicity, and modifiable risk factors
that include arterial hypertension, atrial fibrillation, diabe-
tes mellitus, hyperlipidemia, asymptomatic carotid steno-
sis, smoking and excessive alcohol consumption. Also, lif-
estyle related factors have been continuously investigat-
ed; these include inadequate physical activity, obesity,
dietary habits, stress, socioeconomic factors, and illicit drug
abuse. The role of hematology parameters (hematocrit,
homocysteine, lipoprotein(a), fibrinogen, etc.), cardiac
diseases (mitral valve prolapse, patent foramen ovale, atrial
septal aneurysm) and other risk factors has also been in-
vestigated. The latest studies conducted in Croatia show
a high level of risk factors in the healthy population, good
population information on their harmful health impact, and
quite alow level of motivation to modify unhealthy habits
and lifestyle.

"The basic neuroepidemiological parameters are impor-
tant for every clinician dealing with a particular disease or
group of diseases. Stroke incidence is the number of pa-
tients newly affected with stroke in a defined population
over a particular period of time. The criteria for a properly
designed study of the incidence of stroke imply the use of
the standard WHO definition of stroke; prospective re-
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koji se javlja u 15%-20% 1 ishemijski mozdani udar (IMU)
koji ¢ini 80%-85% slucajeva. Podtipovi HMU su intrace-
rebralno krvarenje tipi¢ne ili atipi¢ne lokalizacije, koje
predstavlja oko 15%, te subarahnoidno krvarenje (SAH)
koje predstavlja oko 5% slucajeva MU. Podtipovi IMU su
tromboti¢ni, embolijski i hemodinamski udar. Meduna-
rodna Klasifikacija bolesti razvrstava CVB na priblizno isti
nacin, navode¢i pod Siframa [60-169 slijedeée podskupine:
SAH, intracerebralno krvarenje, ostala netraumatska
krvarenja, cerebralni infarkt uzrokovan ekstracerebralnom
ili intracerebralnom okluzijom, te nespecificirani mozdani
udar. Prakti¢na je i u zadnje vrijeme u $iroj uporabi klasi-
fikacija IMU nazvana TOAST koja razlikuje slijedeée ka-
tegorije: infarkte velikih krvnih Zila, lakunarne infarkte,
kadioembolijske infarkte, infarkte koji su posljedica drugih
uzroka, te infarkte nepoznatog uzroka.

Spoznaje o prisutnosti rizi¢nih ¢imbenika u bolesnika
s MU rezultirala su brojnim epidemioloskim istraZivanjima
o ovim ¢imbenicima koja su provedena tijekom zadnjih
nekoliko desetljeca u svijetu i u Hrvatskoj. Utjecaj nekih
¢imbenika nedvojbeno je dokazan, a znaCenje drugih jos
uvijek se istrazuje. Rizi¢ni ¢imbenici obi¢no se svrstavaju
prema mogucnostima njihovog sprjecavanja u slijedece
skupine: nepromjenjivi ¢imbenici rizika (nonmodifiable stroke
risk factors), medu koje se ubrajaju dob, spol, nasljedni ¢im-
benici, rasa i/ili etnicka pripadnost i promjenjivi cimbeni-
ci rizika (modifiable stroke risk factors) kao Sto su arterijska
hipertenzija, atrijska fibrilacija, Seéerna bolest, hiperlipi-
demija, asimptomatska karotidna stenoza, pusenje, zloupo-
raba alkohola. Pod stalnim epidemioloskim istraZivanjima
su 1 rizi¢ni ¢imbenici povezani s naCinom zivota (/festyle
Jactors), medu koje spadaju tjelesna aktivnost, pretilost,
prehrana, stres, socioekonomski ¢imbenici, zlouporaba
opojnih droga. Istrazuje se i uloga hematoloskih parame-
tara (hematokrit, homocistein, lipoprotein(a), fibrinogen
itd.), sr¢anih bolesti (prolaps mitralne valvule, otvoren
foramen ovale, atrijska septalna aneurizma) i drugih ri-
zi¢nih ¢imbenika. Najnovija istrazivanja provedena u na-
$oj zemlji pokazuju visoku zastupljenost rizi¢nih ¢imbeni-
ka u zdravoj populaciji, dobru obavijestenost pucanstva o
njihovoj Stetnosti za zdravlje, ali 1 nisku razinu motivacije
za promjenu navika 1 nacina Zivljenja.

Osnovni neuroepidemioloski pokazatelji vazni su za
svakog klinicara koji se bavi problematikom odredene
bolesti ili skupine bolesti. Incidencija je broj novoobolje-
lih bolesnika od MU u definiranoj populaciji tijekom odre-
denog vremenskog razdoblja. Kriteriji dobro dizajnirane
studije incidencije MU ukljucuju upotrebu standardne
definicije MU koju je dala SZO, prospektivno utvrdivanje
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cording of cases in a large, well defined and representative
sample; and comprehensive and distinct methodology of
detecting the diseased and identifying nonfatal cases that
have been treated outpatiently or died soon after the dis-
ease onset. The incidence of stroke in strict terms would
refer to the cases of first-ever stroke, however, some stud-
ies also include recurrent stroke.

It is estimated that some 4 million people are affected
with stroke in the world per year. International epidemio-
logical studies show the stroke rates to grow exponential-
ly with age, ranging between 0.3/1000 in the third and
fourth decades of life to up to 30/1000 in the eighth and
ninth decades of life, yielding a mean of 1/1000 to 2/1000.
In Croatia, the last population based studies were per-
formed some 20 years ago. Studies carried out on hospital
material in the Osijek region over the past 15 years have
indicated the number of stroke cases and of cerebral hem-
orrhages to be on constant increase (Fig. 1). Dietary and
other daily habits and climatic factors have been identi-
fied as the main culprits for such a trend. However, the
impact of socioeconomic factors (decline in living stan-
dards, social and economic problems, demographic chang-
es, etc.) as well as of war and postwar stress on the inci-
dence of stroke has also been investigated. These studies
have pointed to the effect of prolonged stress on an in-
creased expression of risk factors for CVD (arterial hyper-
tension, hyperlipidemia, adiposity and smoking); adverse
effects of stress and risk factors on cerebral hemodynam-
ics; and association of stress with an increased incidence
of cerebral hemorrhages, especially hypertensive intrace-
rebral hemorrhage and SAH. Such trends have also been
recorded in other war areas.

slucajeva u velikom, dobro definiranom i reprezentativ-
nom uzorku te sveobuhvatnu i razumljivu metodologiju ot-
krivanja oboljelih i identifikacije nefatalnih slucajeva
lijecenih izvan bolnice ili umrlih ubrzo nakon nastupa
bolesti. Incidencija MU, strogo gledajuci, odnosila bi se na
incidente koji se javljaju prvi put u Zivotu neke osobe (first-
ever stroke), ali neke studije obuhvacaju 1 opetovane MU.

Procjenjuje se da u svijetu na godinu od MU oboli oko
4 milijuna ljudi. Medunarodne epidemioloske studije poka-
zuju kako stope rastu eksponencijalno s dobi i krecu se
izmedu 0,3 promila u tre¢em 1 ¢etvrtom desetljecu Zivota
sve do 30 promila u osmom i devetom desetljecu Zivota,
§to u prosjeku iznosi 1-2 promila. U naSoj zemlji posljed-
nje populacijske studije provedene su prije dvadesetak go-
dina. Istrazivanja provedena na osjeckom podrudju tijekom
zadnjih petnaestak godina na bolnickom materijalu poka-
zuju stalan porast broja oboljelih od MU i stalan porast broja
mozdanih krvarenja (slika 1.). Nacin prehrane, Zivotne
navike 1 klimatski ¢imbenici navedeni su kao glavni
uzro¢nici ovakvog stanja. Medutim, istrazeno je i djelovanje
sociockonomskih ¢imbenika (pad Zivotnog standarda, so-
cijalni i ekonomski problemi, demografske promjene itd.),
te ratnog 1 poratnog stresa na incidenciju MU. IstraZiva-
njima je utvrden utjecaj produljenog stresa na poveéanu
izrazenost ¢imbenika rizika za cerebrovaskularnu bolest
(arterijske hipertenzije, hiperlipidemije, adipoziteta i
pusenja), nepovoljan utjecaj stresa i rizi¢nih ¢imbenika na
cerebralnu hemodinamiku, kao i povezanost stresa s po-
vecanom incidencijom cerebralnih hemoragija, osobito hi-
pertenzivnih intracerebralnih krvarenja i subarahnoidnih
krvarenja. Ovakvi trendovi zabiljeZeni su i u drugim ratom
zahva¢enim podrucjima.
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Figure 1. Number of hemorrhagic
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strokes treated at Department of
Neurology Osijek in the threeteen
years’ period (1985-2000).

Slika 1. Kretanje broja hemoragickih
mogdanih udara lyjecenih na
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1998 1999 2000

21



Second Congress of Croatian Society for Neurovascular Disorders of Croatian Medical Association
Drugi kongres Hrvatskoga drustva za neurovaskularne poremecaje Hrvatskoga lije¢nickog zbora

Prevalence is a parameter describing the magnitude of
a disease and represents the frequency of the disease at a
particular point of time. Data on stroke prevalence are the
best indicator of the spread of the disease in a particular
population, allowing for setting an appropriate strategy of
health actions and overall health care in the area. The
stroke prevalence rates vary from 5/1000 to several percent.
"The last data on stroke prevalence in Croatia were pub-
lished in 1984. A study performed in a small sample of 1000
subjects indicated a stroke prevalence of 2.5%, and of 3.1%
in the population over 25 years of age.

Lethality is the proportion of stroke patients that died
within a specified period from the disease onset. It is usu-
ally expressed as the percentage of deaths over a period of
one month or one year. The predictors influencing early
lethality are localization and size of infarction or hemor-
rhage, degree of consciousness impairment, severity of
neurologic deficit, advancing age, male sex, presence of
diabetes, arterial hypertension, cardiac disease, elevated
temperature, dysphagia, sphincter incontinence, etc. Fa-
tal stroke outcome may be caused by central or peripheral
complications. The most common central complications
include cerebral edema, transtentorial herniation, hemor-
rhagic transformation of ischemia, epileptic seizures, and
depression. In stroke patients death is considerably more
frequently caused by peripheral (systemic) complications
such as deep venous thrombosis and pulmonary embolism,
bronchopneumonia, urinary infection, septicemia, aspira-
tion, cardiac arrhythmia, myocytolysis, nonregulated hy-
potension, and sudden death.

Mortality is the number of deaths due to stroke in a
defined population. Stroke mortality rates, mostly ex-
pressed as the number of deaths per 100,000 population
per year, greatly vary across Europe. The highest stroke
mortality rate has been reported from Bulgaria (249/
100,000), and lowest from Switzerland (27/100,000). East
European countries have a higher total mortality, whereas
lowest mortality rates have been recorded in Scandinavian
countries, Switzerland and the Netherlands. Stroke mor-
tality rates have been dramatically reduced over the last
few decades in Japan and West European countries. In
contrast to this, a constantly growing trend has been ob-
served in this period for stroke mortality rates in East
European countries, which is evidently being continued
in the conditions of transition in these countries. Studies
revealing secular changes in the particular disease mortal-
ity over a longterm period of years or decades are of spe-
cial interest. On analyzing the secular death pattern, data
on the age, period and cohort (generation) effects have to
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Prevalencija je pokazatelj koji opisuje veli¢inu proble-
ma neke bolesti i predstavlja ucestalost te bolesti u odre-
denom trenutku. Podaci o prevalenciji moZdanog udara
najbolji su pokazatelj prosirenosti bolesti u populaciji 1
omogucuju postavljanje ispravne strategije zdravstvenih
akcija i cjelokupne zdravstvene zastite na odredenom po-
drudju. Stope prevalencije MU u svijetu kreéu se izmedu
5 promila i nekoliko postotaka. Zadnji podaci o prevalen-
ciji MU u Hrvatskoj objavljeni su 1984. godine. Istraziva-
njem provedenim u malom uzorku od 1000 stanovnika
utvrdena je prevalencija MU od 2,5% odnosno 3,1% za
populaciju iznad 25 godina starosti.

Letalitet je udio bolesnika oboljelih od MU koji su
umrli unutar specificnog razdoblja nakon nastupa bolesti.
[zrazava se obi¢no kao postotak umrlih u razdobljima od
jednog mjeseca i jedne godine. Predskazatelji koji utjecu
na ranu smrtnost su: lokalizacija i veli¢ina infarkta ili krva-
renja, stupanj poremecaja svijesti, tezina neuroloskog de-
ficita, rastuca dob, muski spol, prisutnost $ecerne bolesti,
arterijske hipertenzije, sréane bolesti, povisene tempera-
ture, disfagije, inkontinencije sfinktera itd. Fatalan ishod
MU uzrokuju sredisnje 1 periferne komplikacije. Najcesce
sredi$nje komplikacije su: cerebralni edem, transtentori-
jalna hernijacija, hemoragijska transformacija ishemije,
epilepti¢ni napadaji, depresija. Znatno ¢esée smrt bolesni-
ka s MU uzrokuju periferne (sistemske) komplikacije:
duboka venska tromboza 1 pluéna embolija, bronhopneu-
monija, mokraéni infekt, septikemija, aspiracija, sr¢ana
aritmija, miocitoliza, nekontrolirana hipotenzija, nagla
smrt.

Smrtnost je broj umrlih od MU u definiranoj populaciji.
Stope smrtnosti koje se najcesée izrazavaju kao broj umr-
lih od MU na 100.000 stanovnika u jednoj godini u Europi
znacajno variraju. Najvise stope od 249 zabiljeZene u Bugar-
skoj, a najmanje od 27 u Svicarskoj. Istoénoeuropske zem-
lje imaju visu ukupnu smrtnost, dok su najnize stope zabi-
ljeZene u skandinavskim zemljama, évicarskoj 1 Nizozem-
skoj. Stope smrtnosti dramati¢no su smanjene tijekom
zadnjih nekoliko desetljeca u Japanu i zapadnoeuropskim
zemljama. Nasuprot tome, u isto¢noeuropskim zemljama
u tom razdoblju biljezi se stalan porast stope srmtnosti od
MU, $to se nastavlja i u uvjetima tranzicije ovih zemalja.
Od osobitog su znacenja studije koje pokazuju sekularne
promjene u smrtnosti od neke bolesti kroz dugo razdoblje
od vise godina ili desetljeéa. Za analizu sekularnog trenda
umiranja treba uzeti u obzir dobne, periodske 1 kohortne
(generacijske) u¢inke. Analiza sekularnog kretanja umira-
nja od CVB u Hrvatskoj u razdoblju od 1957. do 1997. (Ka-
doji¢ D. 1 Babus$ V)) pokazala je da se nastavlja sekularni

Acta Clin Croat, Vol. 43, Suppl. 1, 2004



Second Congress of Croatian Society for Neurovascular Disorders of Croatian Medical Association
Drugi kongres Hrvatskoga drustva za neurovaskularne poremecaje Hrvatskoga lije¢ni¢kog zbora

Table 1. Number of deaths and proportional mortality rates for CVD in the population aged 35-74 in Croatia, by 5-years periods

Tablica 1. Broj umrlih i proporcionalne stope smrinosti od CVB u poputaciji u dobi od 35-74 godina u Hroatskoy prema petgodisnjim

razdobljima
Petgodisnje Number of death / Broj umrlih Prportional mortality rates % Chain indeks
razdoblje All causes CVD Proporcionalna stopa Lancani indeks™*
Svi uzroci CVB smrtnosti %
1958.-1962. 18.913 2.831 9,0 -
1963.-1967. 20.806 2.072 10,0 111
1968.-1972. 25.751 2.918 11,3 113
1973.-1977. 24.658 3.318 13,5 119
1978.-1982. 25.975 3.656 14,1 104
1983.-1987. 25.611 3.822 14,9 106
1988.-1992. 25.311 3.588 14,2 95
1993.-1997. 26.788 3.959 14,8 104

* index according to previous period
* indeks prema prethodnom razdoblju

be taken in consideration. Analysis of the secular death
pattern due to CVD in Croatia during the 1957-1997 pe-
riod (Kadoji¢ D and Babus V) has shown the secular rising
trend of the number of deaths (Table 1) and of the pro-
portional rate of CVD mortality ('Table 2) in the 35-74 age
groups to continue. The mortality rates are especially high
in the inland area, in the towns of Osijek and Varazdin,
occasionally being 2- to 3-fold those recorded in the coastal
area. Comparison of our data with those from other coun-
tries has shown the overall age-adjusted mortality rates in
Croatia to exceed European average rate as well as the
average rates in Central and East Europe for all age groups,
whereas the rates for the 0-64 age group were lower than
the latter.

The disease risk shows the likelihood for an individual
to be affected by a particular disease during life. This anal-
ysis implies the use of at least two criteria for the confi-
dence of association between a particular risk factor expo-
sure and the risk of disease. Relative risk is the relation-
ship between the disease incidence among those with and
without exposure to a particular risk factor. Actributive risk
is absolute incidence of a disease in exposed individuals
that can be ascribed to the risk exposure. This measure is
calculated by subtracting the disease incidence in unex-
posed individuals from total disease incidence. It is usual-
ly presented as the number of individuals from a popula-
tion who will be affected with a particular disease and is
expressed as the rate per 1000 population.

Clinical studies of short-term and longterm stroke
outcomes and of the economic burden of the disease also
are of great interest. It has been estimated that approxi-
mately one third of stroke patients still die, one third suf-
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trend rasta ukupnog broja umrlih (tablica 1.) i rast propor-
cionalne stope smrtnosti od CVB (slika 2.) u populaciji od
35 od 74 godina starosti. Stope umiranja su osobito visoke
na kontinentalnom podrucju, u gradovima Osijeku i
Varazdinu, te ponegdje dostizu 2-3 puta vise vrijednosti
negoli u priobalnom podrucju. Usporedba nasih podataka
s podacima iz drugih zemalja pokazuje da su u nas dobno
standardizirane stope smrtnosti za sve dobi ukupno vise
od europskog prosjeka i prosjeka zemalja Srednje i Isto¢ne
Europe, dok su ove stope za dobnu skupinu od 0 do 64.
godine niZe od prosjeka Srednje i Isto¢ne Europe.
Death Rates for CVD: 1958-1997

Stope smrtnosti od CVB: 1958-1997
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Figure 2. Standardized mortality rates for CVD in Croatia in
the population aged 35-74 in Croatia, by 5-years periods

Slika 2.Standardizirane stope mortaliteta od CVB u populaciji
35-74 godina starosti u Republici Hroatskoj, prema petogodis-
njim razdobljima
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fer severe neurologic deficit, and one third sustain milder
or no neurologic deficit. The factors predicting poor stroke
prognosis and outcome are advanced age, male sex, coex-
istence of diabetes mellitus, arterial hypertension, cardi-
ac disease, elevated temperature, dysphagia, incontinence,
consciousness disturbances, severe neurologic deficit, cog-
nitive impairment, localization and size of infarction, ede-
ma and central structure dislocation, biochemistry and
hematology disorders, etc. Our studies of short-term and
longterm ischemic stroke outcome have shown that ap-
proximately one fourth of patients die within one month,
and a half within six months. The 5-year mortality for is-
chemic stroke is even up to 60%. First-ever strokes account
for some 75%, and recurrent strokes for 25% of cases. The
risk of stroke recurrence is highest during the first year after
stroke, being around 10%, then 5% for each year. The most
important predictors of recurrent stroke are type of stroke,
previous TIA, arterial hypertension, cardiac valve disease,
atrial fibrillation, congestive heart failure, elevated blood
glucose, male sex, and alcohol abuse.

Conclusion

Epidemiological data show stroke to be the leading
medical and public health problem in Croatia. While large
population based epidemiological studies are lacking, the
analyses performed on hospital material over the last 15
years provide an insight into the current state and point
to unfavorable trends in stroke morbidity and mortality in
our country. The present system of care for stroke patients
does not meet the needs and is not in accordance with the
modern trends in Europe and elsewhere in the world.
"Thus, there is a real need of the system restructuring. One
of the options might be the development and implemen-
tation of the National Project of Stroke Prevention and
Treatment, on the model of other transition countries in
Europe that have faced similar problems and epidemiolog-
ical parameters. The following strategic points should be
set for the Project: 1) analysis of stroke epidemiology in
Croatia, with due reference to regional variation (popula-
tion-based studies, hospital-based studies, hospital stroke
registers, etc.); b) reducing the incidence of stroke through
improved primary and secondary prevention; and c) reduc-
ing stroke lethality, disability and mortality through estab-
lishment of stroke units and improving the system of pa-
tient rehabilitation. In the interim, the current principles
of diagnosis, management and prevention of stroke, ac-
cepted in the USA and West European countries, should
be followed, and favorable experience of the leading Croat-
ian neurologists engaged in the field should be used. In
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Rizik obolijevanja je broj koji govori koliki su izgledi da
odredena osoba tijekom svoga Zivota oboli od neke boles-
ti. U analizi postoje barem dva mjerila za pouzdanost po-
vezanosti izmedu izloZenosti odredenom rizicnom ¢imbe-
niku 1 rizika obolijevanja. Relativan rizik je odnos inciden-
cije bolesti onih koji su izloZeni 1 incidencije onih koji nisu
izloZzeni nekom ¢imbeniku rizika. Acributivni rizik je ap-
solutna incidencija bolesti kod izloZenih pojedinaca koja
se moze pripisati toj izloZenosti. Ova se mjera dobije tako
da se incidencija odredene bolesti kod neizlozenih osoba
oduzme od ukupne incidencije. Obi¢no se izrazava brojem
osoba koje ¢e u populaciji oboljeti od neke bolesti i izrazava
se stopom na 1000 stanovnika.

Od velikog su znacenja i klinicke studije kratkoro¢nog
1 dugoro¢nog ishoda MU i ekonomskog tereta bolesti.
Procjenjuje se kako jo$ uvijek otprilike jedna treéina obo-
ljelih od mozdanog udara umire, druga tredina ima tezi, a
treca trecina laksi ostatni neuroloski deficit ili je bez de-
ficita. Cimbenici koji predvidaju logu prognozu i ishod MU
su: visoka zivotna dob, muski spol, postojanje $ecerne
bolesti, arterijske hipertenzije i sr¢ane bolesti u oboljelih,
temperatura, disfagija, inkontinencija, pogorsanje svijesti,
tezak neuroloski deficit, kognitini poremecaji, lokalizacija
i veliCina infarkta, edem 1 pomak sredi$njih struktura,
biokemijski i hematoloski poremecaji itd. Nasa istrazivanja
kratkoro¢nog 1 dugoro¢nog ishoda ishemijskog MU poka-
zuju kako u prosjeku oko ¢etvrtine bolesnika umire u pr-
vom mjesecu, a oko polovice unutar Sest mjeseci. Smrtnost
u petgodi$njem razdoblju nakon ishemijskog MU krece se
1do 60%. Medu oboljelima otprilike 75% slucajeva ¢ine prvi,
a25% slucajeva recidiviraju¢i MU. Rizik recidiva mozdanog
udara najvedi je u prvoj godini i krece se oko 10%, a svake
slijedece godine oko 5%. Najvazniji predskazatelji recidi-
va MU su: vrst udara, raniji prolazni ishemijski napadaji
('TTA), arterijska hipertenzija, bolest sr¢anog zaliska, atrij-
ska fibrilacija, kongestivna sr¢ana slabost, visoka razina glu-
koze u krvi, muski spol i zlouporaba alkohola.

Zakljucak

Epidemioloski podaci pokazuju da u nasoj zemlji MU
predstavlja vodeéi medicinski 1 javnozdravstveni problem.
Tako nedostaju opseznije populacijske epidemioloske
studije, analize provedene na bolnickom materijalu u zad-
njih petnaestak godina ipak daju odredenu sliku stvarnog
stanja 1 ukazuju na nepovoljne trendove u obolijevanju i
umiranju od ove bolesti. Postojeci sustav zbrinjavanja
bolesnika s MU ne zadovoljava potrebe i nije u skladu sa
suvremenim trendovima u Europi i svijetu. Postoji realna
potreba reorganizacije toga sustava. Jedna od mogucih
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addition, the Guidelines for Stroke Prevention and Treat-
ment, issued by the Croatian Society for Neurovascular
Disorders, are of great help to the clinicians.
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Introduction

Although therapeutic procedures to reduce cerebral
damage cuased by ischemic stroke (thrombolysis) have
recently been developed, prevention remains the most
efficient strategy to decrease the prevalence of stroke.

In the last few decades, a significant decrease in the
stroke mortality has been recorded in most western coun-
tries. In the USA, the mortality of stroke was reduced by
60% from the beginning of the 1970s to the end of 1990s.
"This trend is believed to have been almost exclusively
achieved through modification of the risk factors for stroke.
It has been demonstrated that stroke can be prevented and
the risk of stroke recurrence reduced.
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Uvod

Mada su zadnjih godina razvijeni terapijski postupci
kojima se moze smanjiti oStecenje mozga nastalo ishem-
ijskim moZzdanim udarom (tromboliza), prevencija je 1 na-
dalje najucinkovitija strategija za smanjivanje ucestalosti
mozdanog udara. U veéini zapadnih zemalja zabiljezen je
znacajan pad smrtnosti od mozdanog udara u zadnjim
desetlje¢ima. U Sjedinjenim Ameri¢kim Drzavama smrt-
nost od mozdanog udara smanjena je za 60% od pocetka
sedamdesetih do kraja devedesetih godina prosloga sto-
lje¢a. Smatra se da je taj trend postignut gotovo iskljucivo
modificiranjem ¢imbenika rizika za nastanak mozdanog
udara. Pokazalo se da se mozdani udar moze sprijeciti, kao
1 da se moze smanyjiti rizik recidiva mozdanog udara.
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Prevention implies the procedures taken in patients to
prevent the onset of stroke. Prevention has traditionally
been divided into primary and secondary prevention. Pri-
mary prevention refers to the measures taken in healthy
subjects who have not yet been affected with stroke. Sec-
ondary prevention refers to identification and management
of subjects at a very high risk of stroke in order to prevent
its onset, and treatment and rehabilitation of patients who
have sustained a stroke to prevent its recurrence.

Primary and secondary prevention of stroke improve
the patient quality of life, reduce the need of surgical pro-
cedures, prolong overall survival, and decrease the inci-
dence of stroke recurrence. There is major overlapping
between the procedures and strategies of primary and
secondary prevention of stroke.

The following measures are used in primary prevention
of stroke:

1) lifestyle related risk factors should be addressed in
order to modify an unhealthy lifestyle and to promote
a health one;

2) diseases that represent risk factors for stroke should be
treated, thus reducing the effect of these risk factors
increasing the prevalence of stroke;

3) in case of ischemic stroke, certain drugs such as per-
oral anticoagulants and antiaggregation therapy are pre-
scribed in addition to addressing the risk factors in-
volved; and

4) in case of significant carotid artery stenosis, operative
therapy for carotid stenosis is performed.

There is ample evidence that various circumstances,
conditions, behavior, daily habits and diseases are associ-
ated with the incidence of stroke, and are thus called risk
factors for the occurrence of stroke.

Risk Factors for Stroke

¢ Nonmodifiable risk factors:
— age
- sex
— race
— heredity
— family history of stroke
— personal history of stroke and/or transient ischem-
ic attack (TTA)

*  Modifiable risk factors:
— lifestyle related factors:
smoking
alcoholism
drug abuse
physical inactivity and obesity

Acta Clin Croat, Vol. 43, Suppl. 1, 2004

Prevencija oznacava postupke koji se poduzimaju kod
bolesnika kako bi se sprijecio nastanak mozdanog udara.
"Tradicionalno se prevencija dijeli na primarnu i sekundar-
nu. Primarna prevencija obuhvaca prevenciju u zdravih
osoba koje jos nisu oboljele, odnosno koje jos nisu zadobile
mozdni udar. Sekundarna prevencija predstavlja identi-
ficira-nje 1 lije¢enje osoba s vrlo visokim rizikom za nastanak
mozdanog udara kako bi se sprijeCio njegov nastanak, te
lije¢enje 1 rehabilitaciju bolesnika koji su preboljeli mozdani
udar kako bi se sprijecio nastanak novog mozdanog udara.

Primarnom i sekundarnom prevencijom mozdanog
udara moze se poboljsati kvaliteta Zivota, smanjiti potreba
za kirur§kim zahvatima, produziti ukupno prezivljavanje te
smanjiti ucestalost buducih mozdanih udara. Postupci 1
strategije primarne i sekundarne prevencije mozdanog
udara uvelike se preklapaju.

U okviru prevencije mozdanog udara primjenjuju se
slijedeci postupci:

1. potrebno je djelovati na ¢imbenike rizika povezane s
nacinom Zivota u cilju otklanjanja nezdravog nacina
Zivota 1 promicanja zdravog nacina Zivota

2. lijeciti bolesti koje predstavljaju rizi¢ne ¢imbenike i na
taj nacin smanjivati utjecaj tih rizi¢nih ¢imbenika na
povecanje ucestalosti mozdanog udara

3. uslucaju ishemijskog mozdanog udara uz djelovanje na
¢imbenike rizika propisuju se 1 odredeni lijekovi: per-
oralni antikoagulansi 1 antiagregacijska terapija

4. uslucaju znacajne stenoze karotidnih arterija pristupa
se operacijskom lije¢enju karotidne stenoze
Postoji mnostvo dokaza da su razne okolnosti, stanja,

ponasanje, Zivotne navike 1 bolesti znacajno povezani s

incidencijom mozdanog udara, pa se stoga nazivaju ¢cimbe-

nicima rizika za nastanak mozdanog udara.

Cimbenici rizika za nastanak mozdanog udara

+ Cimbenici na koje se ne moze utjecati:

— dob

— spol

— rasa

— nasljede

— mozdani udar u obiteljskoj amanezi
podatak o prethodnom mozdanom udaru i/ili pret-
hodnim prolaznim ishemijskim napadajima (TTA)

+ Cimbenici na koje se moze utjecati:
— povezani s naCinom zivota:
pusenje
alkoholizam
zlouporaba droga
tjelesna neaktivnost i pretilost
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unhealthy dietary habits
stress
oral contraceptives

— diseases and states:
hypertension
cardiac diseases: atrial fibrillation and other cardi-
ac arrhythmias
valvular diseases
cardiomyopathy
extensive myocardial infarction
endocarditis
cardiac aneurysm
open foramen ovale
left ventricular hypertrophy
transient ischemic attacks ('TTA)
significant carotid artery stenosis (>75% of lumen)
elevated cholesterol
diabetes mellitus
hyperhomocysteinemia
hypercoagulability
elevated hematocrit and blood hyperviscosity
vasculitides

Nonmodifiable risk factors for stroke

Age is one of the most significant risk factors for stroke.
"The risk of stroke is known to rise by approximately 10%
with each decade of life after the age of sixty.

Considering sex, men are known to be more prone to
stroke in the reproductive age than women. However, af-
ter the menopause the risk of stroke rises in female popu-
lation. This and the fact that life expectancy is longer in
women result in female predominance in the absolute
number of stroke cases in the advanced age groups.

A family history of stroke and/or personal history of
stroke or TTA significantly increase the likelihood of stroke
in such a patient. The incidence of stroke is higher in sub-
jects with prior TTA or stroke.

Nonmodifiable risk factors for stroke
Lifestyle related risk factors

Cigarette smoking contributes significantly to the prev-
alence of stroke. A meta-analysis of 32 studies has shown
that smoking increases the risk of stroke by 50%. A dose-
dependent relationship was also demonstrated, i.e. the risk
of stroke increased with the number of cigarettes. Quit-
ting smoking was associated with a rapid decrease in the
risk of stroke; Framingham study revealed the risk of stroke
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nezdrava prehrana
stres
upotreba oralnih kontraceptiva

— bolesti i bolesna stanja:
hipertenzija
sr¢ane bolesti: atrijska fibrilacija i ostale sr¢ane arit-
mije
bolesti sréanih zalistaka
kardiomiopatija
opsezni infarkt miokarda
endokarditis
aneurizma srca
otvoren foramen ovale
hipertrofija lijeve klijetke
prolazni ishemijski napadaji ('TTA)
znacajna stenoza karotidnih arterija (stenoza >75%
lumena)
povisen kolesterol
Secerna bolest
hiperhomocistinemija
hiperkoagulabilnost
povisen hematokrit 1 stanja hiperviskoznosti krvi
vaskulitisi

Cimbenici rizika za nastanak mozdanog udara na
koje se ne moze utjecati

Dob. Dob je jedan od najznacajnijih ¢imbenika rizika
za nastanak mozdanog udara. Poznato je da nakon
Sezdesete godine Zivota rizik za nastanak mozdanog udara
raste za otprilike 10% sa svakim slijede¢im desetljecem
starosti.

Spol. Poznato je da su muskarci skloniji nastanku
mozdanog udara u generativnoj zivotnoj dobi. Medutim,
nakon menopauze rizik od nastanka mozdanog udara ras-
te u zenskoj populaciji. Ta ¢injenica i podatak da je prosjec-
ni zivotni vijek u Zena duzi dovodi do pojave da u starijoj
zivotnoj dobi u apsolutnom broju ima vise Zena s mozdanim
udarom.

Podatak o mozdanom udaru u obiteljskoj anamnezi i/
ili podatak o preboljelom mozdanom udaru ili TTIA u osob-
noj anamnezi znacajno podiZzu moguénost nastanka
mozdanog udara u doti¢nog bolesnika. Osobe s prebolje-
lim TTA ili mozdanim udarom ¢e$ée zadobivaju ponovni
mozdani udar.
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after 5 years of stopping smoking to be the same as in
nonsmokers.

Physical inactivity and overweight

Framingham study pointed to a negative correlation
between physical activity and stroke prevalence in male
population. Recent studies indicate that an increased lev-
el of physical activity is associated with a decrease in the
risk of stroke also in women, and that abdominal obesity
is a significant independent risk factor for stroke. The fa-
vorable effect of increased physical activity on lowering the
risk of stroke is considered to be due to its action in de-
creasing elevated blood pressure and body weight as well
as to improved glucose tolerance. Also, a higher level of
physical activity increases HDL cholesterol, lowers LDL
cholesterol, and promotes a healthy lifestyle.

Alcohol abuse certainly is a significant risk factor for
stroke. Our studies have shown that blood vessels of an
alcoholic are on an average 10 years older than the subject’s
biological age. However, the intake of small amounts of
alcohol (up to two drinks daily) has been associated with
reduction of the risk of ischemic stroke. According to some
data, one glass of red wine daily is optimal, as red wine
contains flavonoids that act as antioxidants. The risk of
ischemic stroke rises abruptly with the intake of more than
two alcoholic drinks daily. A J-shaped association has been
determined between the intake of alcoholic drinks and
incidence of stroke: the incidence of ischemic stroke de-
creases with the intake of up to two drinks daily, whereas
an increased intake of alcohol is associated with a higher
incidence of both ischemic and hemorrhagic stroke.

Stress reaction enhances platelet aggregation and ac-
tivates renin-angiotensin system, thus increasing the pro-
duction of angiotensin II which leads to blood pressure
elevation. In this way, stress increases the prevalence of
cardiovascular and cerebrovascular diseases. However,
there are difficulties in exact stress defining as well as in
the methodology of measuring stress “intensity”. Only a
limited number of studies investigating the impact of
stress on the prevalence of stress are available in the liter-
ature, most of them describing the relationship between
war related stress and prevalence of stroke. Data from these
studies are suggestive of an association between stress and
an increased prevalence of hemorrhagic stroke.

As for drug abuse, the use of cocaine, especially in its
alkaloid form (“crack”) has been association with an in-
creased prevalence of cerebrovascular disease, both is-
chemic and hemorrhagic.

Considering oral contraceptives, the risk of stroke is
increased in women taking these agents, especially those
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Cimbenici rizika za nastanak mozdanog udara na
koje se moze utjecati

Cimbenici povezani s nacinom givota

Pusenje. Pusenje cigareta znacajno doprinosi u¢esta-
losti mozdanog udara. Metaanaliza 32 studije pokazala je
kako pusenje povisuje rizik od nastanka mozdanog udara
za 50%. Takoder je pokazana ovisnost o dozi: rizik od nas-
tanka mozdanog udara povecava se s brojem popusenih ci-
gareta. Prestanak pusenja povezan je s brzim smanjivanjem
rizika nastanka mozdanog udara; Framinghamska studija
pokazala je da se nakon pet godina nepusenja rizik od nas-
tanka mozdanog udara izjednacava s rizikom u nepusaca.

Tjelesna neaktivnost i prekomjerna tjelesna
tezina. U Framinghamskoj studiji pokazana je negativna
povezanost tjelesne aktivnosti i ucestalosti mozdanog
udara u muskoj populaciji. Novija istrazivanja pokazuju da
je povecana tjelesna aktivnost povezana sa smanjivanjem
rizika mozdanog udara i u Zena, te da je abdominalni tip
pretilosti znacajan neovisan ¢imbenik rizika za nastanak
mozdanog udara. Smatra se da je povoljan u¢inak povecane
tjelesne aktivnosti na snizavanje rizika za nastanak
mozdanog udara posljedica u¢inka na snizavanje povisenih
vrijednosti tlaka, smanjivanje tjelesne tezine i poboljsanje
tolerancije glukoze. Povecana tjelesna aktivnost takoder
dovodi do povisenja HDL kolesterola 1 snizavanja LDL
kolesterola, te do promicanja zdravog nacina Zivota.

Alkohol. Zlouporaba alkohola svakako predstavlja
znacajan ¢imbenik rizika za nastanak mozdanog udara.
Nasa istrazivanja pokazala su da su krvne Zile alkoholi¢ara
prosjecno deset godina starije od bioloske starosti alkoho-
licara. Medutim, pijenje malih koli¢ina alkohola (do dva
pica na dan) povezano je sa snizavanjem rizika za nastanak
ishemijskog mozdanog udara. Postoje podaci koji govore
kako je najbolje uzimanje jedne ¢ase crnog vina na dan, jer
se u crnom vinu nalaze flavonoidi koji djeluju kao antiok-
sidansi. Rizik od nastanka ishemijskog mozdanog udara
znacajno raste ako se popiju vise od dva alkoholna pica na
dan. Utvrdena je povezanost pijenja alkoholnih pica i
ucestalosti mozdanog udara u obliku slova J: incidencija
ishemijskog mozdanog udara se smanjuje pri pijenju do dva
alkoholna pi¢a na dan, a kod povec¢anog unosa alkohola raste
ucestalost ishemijskog 1 hemoragijskog mozdanog udara.

Stres. Reakcija na stres povecava agregaciju trombo-
cita, aktivira sustav renina-angiotenzina i na taj nacin po-
vecava stvaranje angiotenzina II. koji povisuje krvni tlak.
Stoga stres uzrokuje povec¢anu ucestalost kardiovaskularnih
i cerebrovaskularnih bolesti. Medutim, postoje teskoée u
to¢nom definiranju stresa 1 na¢inu mjerenja “jacine” stre-
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containing high estrogen. Whether oral contraceptives with
a low dose of estrogen increase the risk of stroke yet re-
mains a matter of dispute. The use of oral contraceptives
has been demonstrated to increase the risk of stroke in
those women who also have other stroke risk factors (age
>35, hypertension, smoking). A World Health Organiza-
tion study conducted in developing countries showed the
risk of cerebral hemorrhage to be significantly higher in
women taking oral contraceptives. Oral contraceptives
have also been associated with an increased risk of sub-
arachnoidal hemorrhage, which is especially pronounced
in women with coexistent hypertension.

Treatment of Diseases Representing Risk Factors
for Stroke

Hypertension

Hypertension is the most significant risk factor for
stroke. The prevalence of stroke increases with diastolic
and systolic pressure elevation. The prevalence of stroke
rises by 46% with every 7.5 mm Hg increase in diastolic
pressure. The Systolic Hypertension in the Elderly Pro-
gram (SHEP) has shown the treatment of isolated systol-
ic hypertension in subjects older than 60 leads to a 36%
decrease in the prevalence of stroke.

"The risk of stroke is considerably reduced by the treat-
ment of hypertension. A meta-analysis of 14 randomized
clinical trials has shown a diastolic arterial pressure reduc-
tion of 5-6 mm Hg to significantly decrease the prevalence
of stroke by 42%. It should be noted that hypertension has
to be treated and arterial pressure values maintained within
the normal limits, i.e. at least below 140/90 mm Hg rather
than just reduce the level of arterial pressure. May some
other risk factor be also present (e.g., diabetes mellitus),
the blood pressure level should be maintained below 130/
80 mm Hg. It has recently been shown that in addition to
their favorable effect on blood pressure lowering, the use
of newer antihypertensives (angiotensin converting en-
zyme /ACE/ inhibitors, new generations of lipophilic cal-
cium channel blockers, and angiotensin receptor blockers)
also has an additional beneficial action in the prevention
of vascular diseases. This has been attributed to their pos-
sible effect on vascular walls, especially on endothelial cells.
Such an action of new antihypertensives may also be ob-
served in patients with normal blood pressure.

Atrial fibrillation

Atrial fibrillation is one of the most significant indepen-
dent risk factors for stroke. Atrial fibrillation has been asso-
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sa. Objavljeno je svega nekoliko radova o utjecaju stresa na
ucestalost mozdanog udara, a vecina ¢lanaka opisuje utje-
caj stresa povezanog s ratnim zbivanjima i1 ucestalosti
mozdanog udara. Podaci iz navedenih studija upucuju ne
mogucu povezanost stresa i povecane ucestalosti hemo-
ragijskog mozdanog udara.

Zlouporaba opojnih droga. Upotreba kokaina, pogoto-
vo u njegovom alkaloidnom obliku (¢rack), povezana je s
povecanom ucestalo$¢u cerebrovaskularne bolesti, kako
ishemijske tako i hemoragijske.

Oralni kontraceptivi. Rizik od nastanka mozdanog
udara povecan je u Zena koje uzimaju oralne kontraceptive,
pogotovo oralne kontraceptive s visokim sadrzajem estro-
gena. Jos$ uvijek nije jasno povecavaju li oralni kontracep-
tivi s malom dozom estrogena rizik od nastanka mozdanog
udara. Dokazano je kako uzimanje oralnih kontraceptiva
povecava rizik nastanka mozdanog udara u Zena koje ima-
ju i druge ¢imbenike rizika (Zene starije od 35 godina, hi-
pertenzija, pusenje). U studiji Svjetske zdravstvene orga-
nizacije u zemljama u razvoju rizik od mozdanog krvarenja
bio je znacajno veéi kod Zena koje su uzimale oralne kon-
traceptive. Oralni kontraceptivi su povezani 1 s poveca-
njem rizika subarahnoidnog krvarenja, $to je narocito iz-
razeno u Zena koje imaju 1 hipertenziju.

Lijec¢enje bolesti koje predstavljaju ¢imbenike riz-
ika za nastanak mozdanog udara

Hipertenzija

Hipertenzija je najznacajniji ¢imbenik rizika za nas-
tanak mozdanog udara. Ucestalost mozdanog udara po-
vecava se kod povisenog dijastoli¢nog i sistoli¢nog tlaka.
Ucestalost mozdanog udara raste 46% za svakih 7,5 mm Hg
porasta dijastoli¢nog tlaka. U studiji Systolic Hypertension
in the Elderly Program (SHEP) pokazalo se je kako lijece-
nje izolirane sistoli¢ne hipertenzije u osoba starijih od 60
godina dovodi do smanjenja ucestalosti mozdanog udara za
36%.

Lijecenje hipertenzije znacajno smanjuje rizik od
mozdanog udara. Metaanaliza 14 randomiziranih klinickih
pokusa pokazala je kako smanjenje dijastoli¢nog arterijskog
tlaka od 5-6 mm Hg uzrokuje znacajno smanjenje ucesta-
losti mozdanog udara od 42%. Znacajno je napomenuti da
treba lijeciti hipertenziju i odrzavati vrijednosti arterijskog
tlaka u normalnim granicama, tj. barem ispod 140/90 mm
Hg, a ne samo sniziti arterijski tlak. Ako je prisutan i neki
drugi ¢imbenik rizika (npr. Secerna bolest), tada treba tlak
odrzavati ispod 130/80 mm Hg.

U zadnje vrijeme pokazalo se je kako primjena novijih
antihipertenziva (inhibitori enzima konverzije angioten-
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ciated with approximately 5-fold increase in the incidence
of first ever stroke. Controlled clinical trials have shown
that the risk of stroke in patients with atrial fibrillation can
be reduced by 70% with the use of oral anticoagulant (war-
farin).

In patients below the age of 65 with atrial fibrillation,
therapy with oral anticoagulants should be introduced and
INR (international normalized ratio) values maintained at
2.5 (range 2.0-3.0), which appears to be adequate for suc-
cessful prevention of stroke while not being associated
with an increased risk of hemorrhage. Patients aged >65
with isolated atrial fibrillation and those who cannot take
oral anticoagulants for any reason can take acetylsalicylic
acid (ASA) at a dose of 100-300 mg/day. Anticoagulant
therapy should not be prescribed in patients with a histo-
ry of hemorrhagic stroke.

Elevated cholesterol

Data from recent studies indicate that there is an as-
sociation between elevated levels of cholesterol and inci-
dence of stroke. Subsequent analysis of for pravastatin
studies (where stroke was not set as a primary endpoint)
revealed a significant reduction in the incidence of stroke
in patients taking pravastatin. Subsequent analysis of data
obtained in the Scandinavian Simvastatin Survival Study
(4S) showed a 28% relative stroke and TIA risk reduction.
The Cholesterol And Recurrent Events (CARE) study
showed a 31% relative stroke risk reduction, whereas in the
Long-term Intervention with Pravastatin in Ischemic Dis-
ease (LIPID) study the relative risk reduction for stroke
was 19%. Subsequent analysis of 16 published studies on
the impact of statins on the incidence of stroke and gen-
eral mortality revealed that the relative risk of stroke was
decreased by 19% with the use of statins, thus pointing to
the beneficial effect of cholesterol lowering on the inci-
dence of stroke. Besides cholesterol lowering, statins may
also have some additional favorable effects, i.e. soft plaque
stabilization, improved endothelial function, and reduced
platelet aggregation. Statins may also lead to a decrease in
the intimal-medial thickness, thus offering the possibili-
ty of their use in patients with atherosclerotic plaques but
normal cholesterol levels.

Diabetes mellitus

Diabetes mellitus is an independent risk factor for the
development of atherosclerosis and stroke. A twofold
mortality rate following ischemic stroke has been found in
diabetic patients relative to nondiabetic subjects. Howev-
er, a strict control of blood glucose has not been definitely
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zina /inhibitori ACE/, novije generacije lipofilnih blokato-
ra kalcijevih kanala, te blokatori angiotenzinskih recepto-
ra) uz povoljno djelovanje na snizavanje krvnog tlaka ima i
dodatan povoljni u¢inak u prevenciji krvozilnih bolesti, koji
se pokusava objasniti u¢inkom na stijenku krvnih Zila, a
prvenstveno na endotelne stanice. Takvo djelovanje novijih
antihipertenziva mozda je moguce i u bolesnika s nor-
malnim krvnim tlakom.

Atrijska fibrilacija

Atrijska fibrilacija je jedan od najznacajnijih neovisnih
¢imbenika rizika za nastanak mozdanog udara. Atrijska fib-
rilacija povisuje ucestalost mozdanog udara otprilike pet
puta za prvi mozdani udar. Kontrolirane klini¢ke studije su
pokazale kako se primjenom peroralnih antikoagulansa
(varfarin) moze smanyjiti rizik od nastanka mozdanog udara
u bolesnika s atrijskom fibrilacijom za otprilike 70%.

U bolesnika mladih od 65 godina s atrijskom fibrilaci-
jom u okviru prevencije mozdanog udara potrebno je uvesti
terapiju peroralnim antikoagulansima i odrzavati vrijednos-
ti INR (international normalized ratio) na 2,5 (raspon izmedu
2,01 3,0), sto je dovoljno za uspjesnu prevenciju nastanka
mozdanog udara, a nije povezano s povecanim rizikom
krvarenja. Bolesnici stariji od 65 godina koji imaju izoliranu
atrijsku fibrilaciju 1 oni bolesnici koji iz bilo kojeg razloga
ne mogu uzimati peroralne antikoagulanse, mogu uzimati
acetilsalicilnu kiselinu u dozi izmedu 100 1 300 mg na dan.
Antikoagulantna terapija ne smije se propisivati bolesnici-
ma koji su preboljeli hemoragijski mozdani udar.

Povisen kolesterol

Podaci iz novijih studija pokazuju da postoji povezanost
izmedu povisenih vrijednosti kolesterola 1 ucestalosti
mozdanog udara. Naknadna analiza Cetiri studije s pravas-
tatinom (u kojima mozdani udar nije bio unaprijed post-
avljen kao primarni krajnji ishod) pokazala je znacajno
smanjenje ucestalosti mozdanog udara u bolesnika koji su
uzimali pravastatin. U Skandinavskoj studiji prezivljavanja
sa simvastatinom (Scandinavian Simvastatin Survival
Study —4S) naknadna analiza podataka otkrila je relativno
smanjenje rizika za mozdani udar i TIA za 28%. U studiji
Cholesterol And Recurrent Events (CARE) pokazano je
relativno smanjenje rizika od mozdanog udara za 31%, a u
studiji Long-term Intervention with Pravastatin in Ischem-
ic Disease (LIPID) relativno smanjenje rizika za mozdani
udar iznosilo je 19%. Naknadna analiza 16 objavljenih studi-
Ja o utjecaju statina na ucestalost mozdanog udara 1 opéu
smrtnost pokazala je kako primjenom statina dolazi do
smanjivanja relativnog rizika mozdanog udara za 29%, Sto
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confirmed to act favorably on the prevention of stroke. In
type 2 diabetic patients, therapy with oral hypoglycemic
agents and/or insulin has been demonstrated to improve
systemic microvascular complications but not macrovas-
cular complications such as stroke. A more precise deter-
mination of the independent impact of diabetes mellitus
on the occurrence and development of stroke is believed
to be hampered by the presence of many other risk factors
for stroke that are already present at the time of diabetes
diagnosis.

Significant carotid artery stenosis

A stenosis of 375% of the lumen is considered as sig-
nificant carotid arterial stenosis (according to the criteria
set by the European Carotid Surgery Trial, ECST), or of
350% of the lumen (according to the criteria set by the
North American Symptomatic Carotid Endarterectomy
"Trial, NASCET). In Croatia, the ECST criteria are gener-
ally used. Significant carotid arterial stenosis is associated
with a high risk of ipsilateral stroke.

All patients diagnosed with significant carotid artery
stenosis should be referred to a vascular surgeon for endar-
terectomy, which should be performed at an institution
with perioperative and postoperative mortality and mor-
bidity below 3%. In case of asymptomatic carotid stenos-
is, the ACAS study demonstrated favorable impact in men
with 60%-99% stenosis but in female population. Most
experts now believe that patients with significant carotid
artery stenosis should be operated on at an institution with
a perioperative risk below 3%, however, some think that
in case of asymptomatic carotid stenosis the decision
should be made on an individual basis.

Medication in Secondary Prevention of Ischemic
Stroke

Antiaggregation therapy

Antiaggregation agents are prescribed for secondary
prevention of ischemic stroke. The most commonly pre-
scribed agents are ASA, ticlopidine, clopidogrel and dipy-
ridamole. A collaborative group of antiaggregation thera-
py investigators has published an overview of controlled
clinical trials of the use of antiaggregation agents in the
prevention of vascular diseases. The analysis included 145
studies with more than 51,000 patients, and concluded
that the use of antiaggregation therapy led to a 22% rela-
tive risk reduction for all vascular diseases and 23% rela-
tive risk reduction for stroke.
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ukazuje na povoljan u¢inak snizavanja vrijednosti koleste-
rola na ucestalost mozdanog udara. Uza sniZavanje koles-
terola, izgleda da bi statini mogli imati i dodatne povoljne
ucinke: stabiliziranje mekanih plakova, poboljsanje funk-
cije endotela, smanjenje agregacije trombocita. Statini bi
mogli smanjivati debljinu intime 1 medije (timal-medial
thickness), ¢ime se otvara mogucénost primjene statina u
bolesnika s aterosklerotskim plakovima, a s normalnim
vrijednostima kolesterola.

Secerna bolest

Secerna bolest predstavlja neovisan ¢imbenik rizika za
nastanak ateroskleroze i mozdanog udara. U osoba sa Secer-
nom boles¢u utvrdena je dvostruko visa smrtnost nakon
ishemijskog mozdanog udara u odnosu na osobe bez Secer-
ne bolesti. Medutim, nije dokazano da stroga kontrola kon-
centracije glukoze u krvi djeluje povoljno na sprjecavanje
mozdanog udara. U bolesnika s dijabetesom tip II. poka-
zalo se je kako terapija peroralnim hipoglikemicima i/ili
inzulinom poboljsava sistemske mikrovaskularne kom-
plikacije, ali ne i makrovaskularne komplikacije kao $to je
mozdani udar. Smatra se da je preciznije odredivanje neo-
visnog udjela Secerne bolesti u nastanku i razvoju moz-
danog udara otezano zato §to postoji niz drugih ¢imbeni-
ka rizika za nastanak mozdanog udara koji su ve¢ prisutni
pri otkrivanju Secerne bolesti.

Znacajna stenoza karotidnih arterija

Znacajnom stenozom karotidnih arterija smatra se
stenoza jednaka ili ve¢a od 75% lumena (prema kriteriji-
ma European Carotid Surgery 'Trial - ECST), odnosno jed-
naka ili vec¢a od 50% (prema kriterijima North American
Symptomatic Carotid Endarterectomy Trial - NASCET).
U Hrvatskoj se uglavnhom primjenjuju kriteriji ECST=a.
Znacajna stenoza karotidne arterije povezana je s izraZzenim
rizikom od nastanka istostranog mozdanog udara.

Sve bolesnike u kojih se dijagnosticira znacajna steno-
za karotidne arterije treba uputiti vaskularnom kirurgu da
se ucini endarterektomija u centru koji ima perioperacijsku
1 poslijeoperacijsku smrtnost i pobol niZe od 3%.

Za asimptomatsku karotidnu stenozu je studija ACAS
pokazala povoljan u¢inak u muskaraca sa stenozom od 60%-
99%, ali ne 1 u zenskoj populaciji. Vecina stru¢njaka danas
smatra kako bolesnike sa znacajnom stenozom karotidne
arterije treba operirati u centru koji ima rizik operacije
manji od 3%, mada u slucaju asimptomatske karotidne
stenoze neki smatraju da odluku treba donijeti individu-
alno.
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Acetylsalicylic acid

Acetylsalicylic acid (ASA) is a medication discovered
more than a hundred years ago. ASA inhibits cyclo-oxyge-
nase, thus preventing the synthesis of thromboxane A2
(TXA2) in platelets, and the synthesis of prostacycline
(PGI2) in endothelial cells. The collaborative group of
investigators for antiplatelet agents found a 25% relative
stroke risk reduction in patients taking ASA. The optimal
dose of ASA in the prevention of stroke has not yet been
definitely determined. ASA doses from 30 to 1500 mg/day
have been used in various trials. Studies failed to show any
major differences among low (<100 mg/day), medium
(100-500 mg/day) and high (>500 mg/day) ASA doses.
Low doses have been postulated to be more efficacious
than medium and high doses, because the former act on
TXAZ2 synthesis in platelets but not to the same extent on
PGI2 synthesis in endothelial cells. It seems that ASA in
any dose greater than 30 mg/day reduces the risk of stroke,
whereby higher doses are associated with an increased
incidence of ASA side effects (gastrointestinal bleeding,
gastrointestinal discomfort, heartburn, nausea, vomiting).
Therefore, lower ASA doses (100-300 mg/day) should be
prescribed for ischemic stroke prevention.

Ticlopidine

Ticlopidine is a tienopyridine derivative blocking the
adenosine-diphosphate pathway of platelet aggregation. In
the Canadian-American Ticlopidine Study (CATS), ticlo-
pidine in a dose of 500 mg/day led to a 33% stroke risk
reduction. In the Ticlopidine Aspirin Stroke Study
('TASS), ticlopidine in a dose of 500 mg/day reduced the
risk of stroke or death by 12% in comparison with ASA in
adose of 1300 mg/day. Ticlopidine is as efficacious or even
more efficacious than ASA in secondary stroke prevention.
However, the drugis associated with a major disadvantage
of common side effects such as diarrhea, rash, as well as
serious side effects such as neutropenia, thrombocytope-
nia, thrombocytopenic thrombocytic purpura and pancy-
topenia. Ticlopidine is a drug with more serious side ef-
fects than ASA. Most side effects related to bone marrow
functioning occur within three months of ticlopidine in-
troduction in therapy, therefore patients should undergo
frequent blood count controls during this period. Howev-
er, thrombocytopenic thrombocytic purpura may also de-
velop after this initial period.

Clopidogrel (not registered in Croatia)

Clopidogrel is chemically similar to ticlopidine, also
blocking the adenosine-phosphate pathway of platelet
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Lijekovi u sekundarnoj prevenciji ishemijskog
mozdanog udara

Antiagregacijska terapija

U sekundarnoj prevenciji ishemijskog mozdanog udara
propisuju se antiagregacijski lijekovi. Najpropisivaniji su
lijekovi acetilsalicilna kiselina (ASK), tiklopidin, klopi-
dogrel 1 dipiridamol.

Suradna grupa ispitivaca za antiagregacijske lijekove
objavila je pregled kontroliranih klinickih studija primjene
antiagregacijskih lijekova u prevenciji krvozilnih bolesti.
Analizirane su 145 studije u kojima je bilo uklju¢eno vise
od 51.000 bolesnika. Zakljuceno je kako primjena antiagre-
gacijskih lijekova dovodi do relativnog smanjenja rizika od
svih vaskularnih bolesti za 22%. U slu¢aju mozdanog udara
relativno smanjenje rizika iznosilo je 23%.

Acetilsalicilna kiselina

Acetilsalicina kiselina (ASK) je lijek otkriven pred vise
od stotinu godina. ASK inhibira ciklooksigenazu i na taj
nacin sprjecava sintezu tromboksana A2 (TXA2) u trom-
bocitima, ali i sintezu prostaciklina (PGI2) u endotelnim
stanicama. U publikaciji Suradna grupa ispitivaca za anti-
trombocitne lijekove utvrdila je relativno smanjenje rizika
mozdnog udara za 25% u bolesnika koji su uzimali ASK.
Optimalna doza ASK u prevenciji mozdanog udara jos
uvijek nije nedvojbeno utvrdena. U raznim istrazivanjima
primjenjivale su se doze ASK od 30 do 1500 mg/dan.
Istrazivanja nisu pokazala znacajnih razlika izmedu malih
(<100 mg/dan), srednjih (100-500 mg/dan) i visokih doza
(>500 mg/dan). Pretpostavlja se da su male doze ucinko-
vitije od srednjih i1 visokih, jer djeluju na sintezu trombok-
sana A2 u trombocitima, a ne djeluju u tolikoj mjeri na sin-
tezu prostaciklina u stanicama endotela. Izgleda da ASKu
svakoj dozi veéoj od 30 mg/dan smanjuje rizik mozdanog
udara, a vece doze povezane su s viSom ucestalo$¢u nus-
pojava ASK (krvarenje iz probavnog trakta, probavne smet-
nje, Zgaravica, mucnina, povracanje). Stoga bi u prevenciji
ishemijskog mozdnog udara trebalo propisivati nize doze
ASK od 100-300 mg/dan.

Tiklopidin

Tiklopidin je tienopiridinski derivat koji blokira ade-
nozin-difosfatni put agregacije trombocita. U istrazivanju
Canadian-American Ticlopidine Study (CATS) tiklopidin
u dozi od 500 mg/dan doveo je do 33%-tnog smanjenja ri-
zika nastanka mozdanog udara. U istrazivanju Ticlopidine
Aspirin Stroke Study ('TASS) tiklopidin u dozi od 500 mg/
dan smanjio je rizik nastanka mozdanog udara ili smrti za
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aggregation. In the Clopidogrel versus Aspirin in Patients
at Risk of Ischemic Events (CAPRIE) study, clopidogrel
ata dose of 75 mg/day in comparison with ASA at a dose of
325 mg/day led to an 8.7% relative risk reduction for vas-
cular disease. As differentiated from ticlopidine, clopi-
dogrel does not induce substantially more side effects than
ASA. Clopidgrel is slightly more efficient than the medi-
um doses of ASA. Clopidogrel is the drug of choice for
secondary stroke prevention in patients who cannot toler-
ate ASA. Considering their different mechanisms of action,
a combination of ASA and clopidogrel proved quite inter-
esting. However, results of the recently published
MATCH study indicate that the addition of ASA to clopi-
dogrel did not lead to any significant difference in the
vascular event reduction, whereas a higher incidence of
bleeding was recorded in the group of patients coadmin-
istered ASA and clopidogrel.

Dipyridamole (not registered in Croatia)

Dipyridamole is considered to prevent platelet aggre-
gation in a number of ways, 1.e. by inhibiting phosphodi-
esterase, thus increasing the level of antithrombotic cyclic
adenosine monophosphate in platelets; by inhibiting cel-
lular uptake and metabolism of adenosine, thus increas-
ing the plasma concentration of adenosine; and by direct-
ly stimulating the release of prostacycline from endothe-
lial cells. In the European Stroke Prevention Study 1
(ESPS-1), a combination of ASA in a dose of 990 mg/day
and dipyridamole in a dose of 225 mg/day led to a 38%
relative stroke risk reduction. The European Stroke Pre-
vention Study 2 (ESPS-2) demonstrated a relative reduc-
tion of 18% for ASA at a dose of 50 mg/day, 16% for dipy-
ridamole at a dose of 400 mg/day, and 37% for the combi-
nation of ASA and dipyridamole in the same doses. Previ-
ous small studies failed to show any significant difference
between the use of ASA alone and in combination with
dipyridamole. A combination of ASA at a dose of 25 mg and
dipyridamole at a dose of 200 mg used twice daily could
be the therapy of choice in the prevention of stroke.

Most authors believe that in the secondary prevention
of stroke, antiaggregation agents should be used as long as
there is the risk of stroke occurrence, which in the major-
ity of patients means for life.

Oral anticoagulants for stroke prevention

Some 20% of strokes are of cardioembolic origin, most
commonly due to with atrial fibrillation, acute myocardial
infarction, left ventricular wall thrombosis, rheumatic heart
disease, artificial valves. Therapy with oral anticoagulant

34

12% u usporedbi s ASK u dozi od 1300 mg/dan. Tiklopi-
din je ili podjednako ucinkovit u sekundarnoj prevenciji
mozdanog udara kao i ASK ili ¢ak i u¢inkovitiji od ASK.
Medutim, glavni nedostatak ovoga lijeka su nuspojave kao
dijareja, osipi, te ozbiljne nuspojave kao neutropenija, trom-
bocitopenija, trombocitopeni¢na tromboti¢na purpura i
pancitopenija. Tiklopidin je lijek s vise ozbiljnih nuspoja-
va od ASK. Vecina nuspojava povezanih s funkcijom kos-
tane srzi nastaje u prva tri mjeseca nakon uvodenja tiklo-
pidina u terapiju, pa u tom vremenu treba bolesnicima
ucestalo kontrolirati krvnu sliku. Medutim, tromboci-
topenicna tromboti¢na purpura moze nastati i nakon tog
vremena.

Klopidogrel (lijek nije registriran u Hrvatskoj)

Klopidogrel je lijek kemijski slican tiklopidinu, koji
takoder blokira adenozin-difosfatni put agregacije trom-
bocita. U studiji Clopidogrel versus Aspirin in Patients at
Risk of Ischemic Events (CAPRIE) je klopidogrel u dozi
od 75 mg/dan u usporedbi s ASK u dozi od 325 mg/dan
doveo do relativnog smanjenja rizika vaskularnih bolesti za
8,7%. Za razliku od tiklopidina, klopidogrel nema bitno
vec¢ih nuspojava od ASK. Klopidogrel je nesto u¢inkovitiji
od srednjih doza ASK. Klopidogrel predstavlja lijek izbora
u sekundarnoj prevenciji mozdnog udara u bolesnika koji
ne podnose ASK. S obzirom na razli¢it mehanizam djelo-
vanja zanimljiva je bila kombinacija ASK i klopidogrela. Me-
dutim, rezultati nedavno objavljene studije MATCH poka-
zali su kako dodavanjem ASK klopidogrelu nije postignu-
ta znacajna razlika u smanjenju vaskularnih dogadaja, a u
skupini bolesnika koja je primala ASK i klopidogrel
zabiljezena je veca ucestalost krvarenja.

Dipiridamol (lijek nije registriran u Hrvatskoj)

Smatra se da dipiridamol sprjecava agregaciju trom-
bocita na vi$e nacina: inhibirajuéi fosfodiesterazu, $to dovo-
di do povedanja razine antitrombotskog cikli¢cnog adenozin
monofosfata u trombocitima; inhibiranjem stani¢nog preu-
zimanja 1 metabolizma adenozina, a time povecanja kon-
centracije adenozina u plazmi; te izravnim poticanjem
otpustanja prostaciklina iz endotelnih stanica. U Europe-
an Stroke Prevention Study (ESPS-1) je kombinacija ASK
u dozi od 990 mg/dan i dipiridamola u dozi od 225 mg/dan
dovela do relativnog smanjenja rizika mozdanog udara za
38%. Ispitivanje European Stroke Prevention Study 2
(ESPS-2) pokazala je relativno smanjenje rizika od 18% za
ASK u dozi od 50 mg/dan, 16% za dipiridamol u dozi od
400 mg/dan i 37% za kombinaciju ASK i dipiridamola u
istim dozama. Prijasnja manja istrazivanja nisu pokazala
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agents for the prevention of cardioembolic stroke should
be considered in all these conditions that are associated
with the potential causes of embolism. Dicumarol oral
anticoagulants are used in the prevention of stroke to
achieve INR between 2.0 and 3.0. In patients with atrial
fibrillation, the risk of stroke is thus reduced while not
increasing significantly the risk of hemorrhage. Although
data from large, controlled studies are lacking, oral antico-
agulants have been routinely prescribed to patients with
artificial cardiac valves, where INR should be maintained
between 3.0 and 4.0. Longterm therapy with oral antico-
agulants to maintain INR between 2.0 and 3.0 should also
be considered in patients with rheumatic disease of car-
diac valves, other cardiac arrhythmias (except for atrial fi-
brillation), myocardial infarction, cardiac failure, cardiomy-
opathy, and in those with open foramen ovale. Patients who
cannot take oral anticoagulants for whatever reason, can use
ASA in a dose of 100-300 mg/day.

Conclusion

Each and every physician can contribute to stroke pre-
vention in his/her daily practice. A healthy lifestyle should
be encouraged on a daily basis, i.e. nonsmoking, giving up
smoking, graded physical activity (30-minute exercise
daily), overweight reduction and maintenance of desirable
body weight (body mass index/BMI/ 18.5-24.9 kg/m?), and
healthy dietary habits (large amounts of fruit and vegeta-
bles, and reduced intake of saturated fat, cholesterol, salt
and meat — Mediterranean diet), advising one to two al-
coholic drinks daily (especially red wine), and discourag-
ing excessive alcohol intake.

In hypertensive subjects, hypertension should be treat-
ed and arterial blood pressure maintained within the nor-
mal limits, i.e. at least up to 140/90 mm Hg or 130/80 mm
Hg in diabetic persons. Patients with elevated cholester-
ol levels should be advised to adopt appropriate dietary
habits, along with introducing statin therapy and maintain-
ing cholesterol below 5 mmol/LL and LDL cholesterol be-
low 3 mmol/L. In diabetic patients, blood glucose values
should be maintained as close to normal as possible. Pa-
tients with atrial fibrillation should be prescribed antico-
agulant (INR 2.5, range 2.5-30) or ASA (300 mg/day) ther-
apy. Patients with significant carotid arterial stenosis
(>75%) should be advised to undergo operative treatment.
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RECOGNITION AND SIGNIFICANCE OF RISK FACTORS IN CROATIAN POPULATION
SPOZNAVAN]JE I ZNACENJE RIZICNIH CIMBENIKA HRVATSKOG PUCANSTVA

Stjepan Turek

HGK, Zagreb, Croatia /| HGK, Zagreb

Summary

It is of utmost importance to identify the population risk
factors for cerebrovascular diseases in order to determine the
pathology and prevention as well as management of these dis-
eases. Numerous studies have been published on the topic of
risk factors in the population of Croatia, however, mostly for a
particular region and in a small number of people. It was only
in the 1995-1997 period that a comprehensive investigation
of risk factors was conducted including 10,000 individuals of
both sexes aged 18-65. Data on the prevalence of risk factors
among the Croatian population were obtained by statistical
analysis of data on 5,840 individuals from all parts of Croatia.

These data are quite disturbing, as they have revealed a
high prevalence of bad habits with adverse health impact
among the Croatian population (inappropriate dietary habits,
inadequate physical activity, cigarette smoking) and an emerg-
ing necessity of undertaking an organized action within the
health insurance system and health care system. Despite our
knowledge, the epidemiologic indicators of cerebrovascular
disease morbidity and mortality have not yet started to im-
prove.

Introduction

"The dynamics of new knowledge and scientific advanc-
es has enabled an unimaginable development of technol-
ogies that fundamentally change human life and living
habits even within a single generation. The picture of dis-
cases and disease states has also been altered accordingly,
along with increase in life expectancy. In the second half
of the 20" century, an association was recognized between
certain living habits and occurrence of longterm, chronic
noncontagious diseases. Then, systematic studies in the
field were launched, the first and most famous of them
being the Framingham Study, which confirmed the exist-
ence of risk factors that favor the onset of circulation dis-
orders. Numerous other studies and projects followed to
verify the great possibilities of preventive measures in the
control of circulatory disorders, among which cerebrovas-
cular diseases rank highest on the scale of death causes.
In the 1980s and 1990s, similar investigations were con-
ducted in Croatia, however, only in a limited number of
individuals.
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Sazetak

Spoznavanje rizi¢nih ¢imbenika je vrlo vazno kako bi se pro-
cijenila patologija i1 prevencija te lije¢enje cerebrovaskularnih
bolesti. Objavljeni su brojni radovi na temu rizi¢nih ¢imbenika
u pucanstvu Republike Hrvatske, ali ve¢inom za pojedinu regi-
ju i mali broj ljudi. Sveobuhvatnije istraZivanje rizi¢nih ¢imbe-
nika na 10.000 osoba obaju spolova u dobi od 18 do 65 godina
provedeno je tek u razdoblju izmedu 1995. 1 1997. godine. Po-
daci o ucestalosti riziénih ¢imbenika u hrvatskom pucanstvu
dobili su se statistickom obradom podataka za 5.840 osoba iz svih
dijelova Hrvatske. Ovi su podaci uznemirujudi, jer otkrivaju vi-
soku ucestalost losih Zivotnih navika medu stanovnistvom (loSe
prehrambene navike, nedovoljna tjelesna aktivnost, pusenje) i
pozivaju na pokretanje organiziranog djelovanja unutar sustava
zdravstvenog osiguranja i zdravstva opéenito. Usprkos ovim
spoznajama, epidemioloski pokazatelji pobola i smrtnosti od ce-
rebrovaskularnih bolesti jos se ne popravljaju.

Uvod

Dinamika novih spoznaja 1 znanstvenih otkri¢a omo-
gucila je nesluceni razvoj tehnologija koje iz temelja mije-
njaju Zivot i Zivotne navike ¢ovjeka ve¢ u jednoj generaciji.
Sukladno se mijenja slika bolesti 1 bolesnih stanja uz
produzenje Zivotnog vijeka. U drugoj polovici 20. stoljeéa
uocena je povezanost odredenih ljudskih navika s nas-
tankom dugotrajnih kroni¢nih nezaraznih bolesti. Zapoceta
su 1 sustavna istrazivanja, od kojih je prvo i najpoznatije
obuhvac¢eno Framinghamskom studijom, koja su potvrdila
postojanje rizi¢nih ¢imbenika koji pospjesuju nastajanje
cirkulacijskih bolesti. Slijedila su brojna druga istrazivanja
i projekti koji su potvrdili velike moguénosti primjene pre-
vencijskih mjera u suzbijanju cirkulacijskih bolesti, od kojih
cerebrovaskularne bolesti zauzimaju na ljestvici uzroka
smrti najvisa mjesta.

Osamdesetih i1 devedesetih godina prosloga stoljeéa
provedena su sli¢na istrazivanja u Hrvatskoj, no uglavnom
na manjem broju ispitanika.

Epidemioloski podaci

Cerebrovaskularne bolesti su jedan od vodecih uzroka
smrti u nas, a noviji epidemioloski podaci ukazuju na sve
veci pobol od bolesti cirkulacijskog sustava (tablica 1.).
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Epidemiologic Data

Cerebrovascular diseases are one of the leading causes
of death in Croatia, and recent epidemiologic data indicate
an ever increasing tendency in the circulatory system
morbidity (Table 1).

Table 1. Number of hospitalized patients according to years

Year
Disease
1976 1981 1992 2000 2002
Circulation 44235 45715 44991 77,095 76871
Nervous 4 5 4 14459 1524
system 20,842 20.859 19,894 14459 15.240

Source: Croatian Health Statistics Annals 1976,1981,1992, 2003.

The role of major risk factors reflects in the epidemi-
ologic data presented. According to the HZZ]JZ report for
2002, the number of deaths according to the mortality rate
(1980-2002) was quite constant, with some changes of up
to 0.7%. There was an obvious increase in the number of
deaths among those older than 65, which was due to the
prolonged life expectancy (Table 2). According to the same
source, in 1985 the life expectancy for women and men was
75.19 and 67.63 years, respectively, whereas in 2001 it was
78.17 for women and 71.03 for men.

Table 2. Number of deaths in the Republic of Croatia 1992-2002

No. Deaths in >65
Year %
of deaths age group

1992 51,800 11.6 33,727
1993 50,846 11.4 34,522
1994 49,482 11.1 33,928
1995 50,536 11.3 34,970
1996 50,636 11.3 35,841
1997 51,964 11.4 37,234
1998 52,311 11.6 38,394
1999 51,953 11.4 38,384
2000 50,246 11.5 37,749
2001 49,552 11.2 37,429
2002 50,569 11.4 38,832

Source: Croatian Health Statistics Annals 2002.

According to the Croatian Health Statistics Annals
2002, analysis of the leading causes of death in the Croat-
ian population showed cerebrovascular disease to be on the
high second place. In 2002, a total of 8,369 (16.55%) indi-
viduals of both sexes died from cerebrovascular diseases,
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Tablica 1. Broj bolnicki lijecenih osoba po godinama

Godina
Bolesti
1976 1981 1992 2000 2002
Krvotoka 44,235 45,715 44,991 77,095 76,871
Zivéanog 4 5 4 14,459 1524
A 20,842 20,859 19,894 14,459 15,240

Izvor: HZZ]Z., Hrvatski zdravstveno statisticki ljetopis 1976.,1981.,1992.,
2003.

Znacenje rizi¢nih ¢imbenika ogleda se u postojecim
epidemioloskim podacima. Prema izvjes¢u HZZ]JZ za 2002.
godinu broj umrlih po godinama prema stopi umrlih (1980.-
2002.) je gotovo stabilan uz promjene unutar 0,7% . Ocit
je porast broja umrlih starijih od 65 godina, $to je odraz
produzenog zivotnog vijeka (tablica 2.). Prema istom izvoru
ocekivani prosje¢ni Zivotni vijek bio je 1985. za Zene 75,19
godina, a za muskarce 67,63 godine, dok je 2001. godine
bio za Zene 78,17 godina, a za muskarce 71,03 godine.

Tablica 2. Broj umrlih u Republici Hroatskoj od 1992. do 2002.
god.

Godina BrOJ: % Umrli. >65

umrlih godina
1992 51,800 11.6 33,727
1993 50,846 11.4 34,522
1994 49,482 11.1 33,928
1995 50,536 11.3 34,970
1996 50,636 11.3 35,841
1997 51,964 11.4 37,234
1998 52,311 11.6 38,394
1999 51,953 11.4 38,384
2000 50,246 11.5 37,749
2001 49,552 11.2 37,429
2002 50,569 11.4 38,832

Izvor: HZZ]Z, Hrvatski zdravstveno statisticki ljetopis 2002.

Analiza vodec¢ih uzroka smrti hrvatskog pucanstva za
2002. godinu prema Hrvatskom zdravstveno statistickom
ljetopisu na drugo mjesto stavlja cerebrovaskularnu bolest.
"Te je godine zbog cerebrovaskularnih bolesti umrlo ukup-
no 8.369 (16,55%) osoba obaju spolova, tj. 3.616 (14,05%)
muskaracai4.753 (19,14%) zena. Za zene je 2002. godine
poremecaj mozdane cirkulacije bio na prvom mjestu
vodecih uzroka smrti. Sveukupno je od bolesti cirku-
lacijskog sustava te godine umrlo 52,80% svih umrlih u
Hrvatskoj.
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.e. 3,616 (14.05%) men and 4,753 (19.14%) women. In
2002, cerebrovascular disorder was the leading cause of
death in female population. In 2002, 52.80% of all deaths
were caused by circulation disorders.

During the year 2002, 76,871 (13.8%) patients were
hospitalized for circulation disorders during 108,875 days.
About 50% of those hospitalized at neurology departments
were treated for cerebrovascular disease.

Risk Factors in the Crotian Population

During the 1995-1997 period, a study of risk factors in
Croatia was carried out as part of the Frst Croatian Health
Project. It was the first multicenter, randomized, compre-
hensive study including 10,000 subjects from urban and
rural settings in the littoral and inland of Croatia. Feld
studies were performed at 30 locations in the Osijek,
Zagreb, Rijeka and Split areas. The final sample included
5,840 subjects of both sexes aged 18-65. Analysis of the data
collected by a questionnaire and blood sample testing
showed the prevalence of risk factors in the Croatian pop-
ulation. Study results indicated a high prevalence of mod-
ifiable risk factors.

The prevalence of elevated blood pressure (BP 3140/
90 mm Hg) was found to be 45%, with a male predomi-
nance (52% vs 37.9%). Blood pressure values increased
significantly with age.

Smoking was recorded in 32.6% of adults, also show-
ing a male predominance (34.1% vs 26.6%).

Physical activity was present in only 4.3% of women and
17.1% of men, with 2-4 and 4-5 hours weekly, respectively:

Overweight (body mass index, BMI 25.0-29.9) was
recorded in 41.4%, and obesity (BMI >30.0) in 18.0% of
study subjects. The proportion of obese subjects increased
with age in both sexes, showing highest rate in the Zagreb
area. The rate of obesity was significantly higher in men
(21%) than in women (15%).

The mean (cx=SD) concentration of cholesterol
(mmol/L.) was higher in men than in women (5.81+1.36
o5 5.66%1.29). Ten percent of men and women had a mean
cholesterol level exceeding 7.55 mmol/L and 7.39 mmol/
L, respectively.

"Triglyceride concentrations (mmol/L.) were also greater
in men (2.13+1.69) than in women (1.41%£0.94). Some
10% of men and women had triglyceride levels exceeding
3.94 mmol/L and 2.5 mmol/L, respectively.

"The averaged prevalence of diabetes mellitus was 6.1%,
increasing with age (age 18-29: 1.9%; 30-39: 2.0%; 40-49:
6.9%; 50-65: 12.1%).
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"Tijekom godine lije¢en je u bolnicama 76.871 (13,8%)
bolesnik zbog cirkulacijskih bolesti tijekom 108.875 dana.
Oko 50% lije¢enih u neuroloskim odjelima lijecilo se je zbog
cerebrovaskularne bolesti.

Riziéni ¢imbenici hrvatskog pucanstva

Tijekom razdoblja od 1995. do 1997. provedeno je
istrazivanje rizi¢nih ¢imbenika na podrucju Hrvatske u
okviru Prvog hrvatskog projekta zdravstva. 1o je prva ran-
domizirana multicentri¢na studija kojom je provedeno
sveobuhvatno istrazivanje u 10.000 ispitanika urbane i
ruralne sredine priobalnog 1 kontinentalnog podrucja Hr-
vatske. Terensko istrazivanje provedeno je na 30 lokalite-
ta osjecke, zagrebacke, rijecke 1 splitske regije. Konacan
uzorak obuhvatio je 5.840 ispitanika obaju spolova u dobi
od 18-65 godina. Obradom prikupljenih podataka pomocu
anketnog upitnika i uzoraka krvi utvrdena je prevalencija
rizicnih ¢imbenika za hrvatsku populaciju. Rezultati
istrazivanja pokazali su visoku prevalenciju promjenjivih
rizi¢nih ¢imbenika.

Prevalencija povisenog krvnog tlaka (RR £140/90 mm
Hg) iznosi 45%, s ve¢im udjelom u muskaraca (52%) u
odnosu na zene (37,9%). Vrijednosti krvnog tlaka znacaj-
no rastu s dobi ispitanika.

Ukupno 32,6% odraslih osoba su pusaci. Pusenje je vise
zastupljeno kod muskaraca (34,1%) u odnosu na Zene
(26,6%).

"Tjelesnom aktivnoscu aktivno se bavi samo 4,3% Zena
117,1% muskaraca. Kod muskaraca je zastupljena s 4-5 sati
na tjedan, a kod Zena s 2-4 sata na tjedan.

Prekomjernu tjelesnu tezinu (indeks tjelesne mase,
I'TM 25,0-29,9) ima 41,4% ispitanika, a u skupini debelih
(I'TM >30.0) je 18,0% ispitanika. Udio pretilih se povecava
s dobi kod oba spola, s najveéim udjelom u zagrebackoj
regiji. Znacajno je veci udio pretilih muskaraca (21%) u
odnosu na Zene (15%).

Prosjecna (c+SD) koncentracija kolesterola (mmol/L.)
veca je kod muskaraca (5,81%1,36) nego u Zena (5.66=*
1.29). Ukupno 10% muskaraca ima prosjecnu vrijednost
kolesterola iznad 7,55 mmol/L, a 10% Zena iznad 7,39
mmol/L.

Koncentracije triglicerida (mmol/L) takoder su vece u
muskaraca (2,13+1,69) nego u Zena (1,4120,94). Pribliz-
no 10% muskaraca ima prosjec¢nu vrijednost triglicerida
iznad 3,94 mmol/L, dok jednaki udio Zena ima vrijednosti
triglicerida iznad 2,5 mmol/L.

Uprosjecena prevalencija Seerne bolesti iznosi 6,1%,
a u porastu je s dobi ispitanika (18-29 godina 1,9%; 30-39
godina 2,0%; 40-49 godina 6,9%; 50-65 godina 12,1%).
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Accordingly, it is concluded that risk factors in the
Croatian population have been defined and found to show
no major geographical specificities. However, their rates in
the general population of Croatia are highly disturbing, as
confirmed by the epidemiologic data on cerebrovascular
and cardiovascular disease morbidity and mortality. The
respective experience from other countries that have
achieved favorable results in successful control and preven-
tion of cerebrovascular disease morbidity and mortality is
therefore of paramount importance (Table 3).

Table 3.Number of deaths per 100,000 population

1970 1980 1990 2001
Austria 176.24  150.27 98.85 67.81
Czech Republic  204.65  224.53 202.77 136.13
Croatia 117.5 171.56  176.35
Hungary 184.52 21796 177.42 149.07
Slovenia 126.15 92.01
Poland 55.9 76.96 73.07 103.61
Europe 142.54  158.54 142.55 140.18

Source: Croatian Health Statistics Annals 2001. Zagreb, 2002.

Conclusion

Comprehensive knowledge of the risk factor epidemi-
ology is of utmost importance for the entire health care
system. It is highly useful in setting priorities in the orga-
nization and financing of the health insurance system and
health care system. Therefore, a well defined program of
the measures of prevention, early detection and manage-
ment of cerebrovascular diseases should be designed in
order to reduce the related morbidity and mortality rates.
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Dakle, mozemo ustvrditi da su danas poznati rizicni
¢imbenici hrvatske populacije i da oni nemaju izrazite zem-
ljopisne znacajnosti. Medutim, njihov udio u opcoj popu-
laciji Hrvatske je viSe no zabrinjavajuci. Upravo epidemi-
oloski podaci o pobolu i smrtnosti od cerebrovaskularnih i
kardiovaskularnih bolesti to potvrduju. Osobito su znacaj-
na iskustva drugih zemalja koje u tom podrudju biljeze
zapazene rezultate uspjesnog suzbijanja pobola i smrtno-
sti od cerebrovaskularne bolesti (tablica 3.).
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1970 1980 1990 2001
Austria 176.24  150.27 98.85 67.81
Czech Republic  204.65  224.53 202.77 136.13
Croatia 117.5 171.56  176.35
Hungary 184.52 21796 177.42 149.07
Slovenia 126.15 92.01
Poland 55.9 76.96 73.07 103.61
Europe 142.54  158.54 142.55 140.18

Izvor podataka: Hrvatski zdravstveno-statisticki ljetopis za 2001. Zagreb,
2002..
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NEUROSONOLOGIC METHODS IN STROKE DIAGNOSIS
NEUROSONOLOSKE METODE U DIJAGNOSTICI MOZDANOG UDARA

Arijana Lovrenci¢-Huzjan

University Department of Neurology, Sestre milosrdnice University Hospital, Reference Center for Neurovascular Disorders of
the Croatian Ministry of Health,

Klinika za neurologiju, Klini¢ka bolnica “Sestre milosrdnice”, Zagreb

Neurosonology includes both extracranial and intrac-
ranial noninvasive cerebrovascular evaluation in stroke
patients and high-risk individuals. Due to its noninvasive-
ness it can be repeated as often as needed, allowing mon-
itoring of the real time cerebral hemodynamics. High-res-
olution ultrasound provides high-class information on the
carotid, vertebral and subclavian artery morphology, giving
an insight into the intima-media thickeness (IMT), plaque
morphology, echogenicity, plaque surfaces and degree of
stenosis. The fine analysis provides information on athero-
sclerotic or inflammatory vessel wall diseases and on dis-
section. Duplex ultrasound imaging combines high-reso-
lution gray scale imaging and pulsed Doppler spectral anal-
ysis to yield excellent anatomic and physiologic data. The
standard diagnostic tool used to examine the extracranial
cerebrovascular system is color-coded duplex ultrasound
imaging. The superposition of color-flow imaging aids the
examiner and interpreter the information of the vessel
orientation, anatomic variants, hemodynamic evaluation
and various physiologic variants as well as pathologies. The
color and power Doppler imaging provides additional in-
formation on extracranial brain hemodynamics, making the
evaluation more precise and reliable.

Complete appreciation of vessel wall is performed first,
using gray-scale imaging with the color turned off. High-
resolution ultrasound enables vessel wall evaluation and
IMT measurement since the thickening of the IMT is an
early marker of atherosclerosis. In earlier studies IMT
measurements were performed manually, with the high
inter- and intraobserver variability. Nowadays automated
computerized systems are available, simplifying reading
and improving both accuracy and variability of IMT mea-
surements. There are numerous protocols for evaluation
of IMT: Epidemiological studies obtained from different
investigations have shown variability in CCAIMT (in 65-
year-old males about 0.8-0.73 mm). The results mostly
show that males have greater IMT compared to females,
and the rate of progression is 0.01 mm per year. It seems
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Neurosonologija ukljucuje neinvazivnu procjenu ek-
strakranijske 1 intrakranijske mozdane hemodinamike,
kako u bolesnika s mozdanim udarom, tako i u visokoriz-
ickih osoba. Zbog neinvazivnosti se moZe ponavljati koli-
ko je god puta potrebno, $to omogucava praéenje mozdane
hemodinamike u zivom vremenu. Visokorezolutni ultra-
zvuk daje vrhunske podatke o morfologiji karotidnih, ver-
tebralnih 1 potklju¢nih arterija, $to omogucava procjenu
debljine intime-medije (intima-media thickness, IM'T), mor-
fologije plaka, ehogenosti, povrsine plaka i stupnja stenoze.
Fina analiza daje podatke o aterosklerotskim ili upalnim
promjenama stijenke Zile ili o disekciji. Dupleks ultrazvuc-
ni prikaz kombinira visokorezolutni prikaz sive skale sa
spektralnom frekvencijskom analizom pulsnog doplera
kako bi se dobili podrobni podaci o anatomiji 1 fiziologiji.
Standardna oprema u pregledu ekstrakranijskog mozdanog
krvozilja je obojeni dupleks sustav. Superpozicija bojom
kodiranog protoka pomaze ispitivanje i interpretaciju in-
formacija o orijentaciji krvne zile, anatomskim varijantama,
procjenu hemodinamike i razlicitih fizioloskih varijanta, kao
1 procjenu patologije. Boja 1 sustavi doplerske angiografije
omogucavaju dodatne informacije o ekstrakranijskoj
mozdanoj hemodinamici, $to €ini procjenu preciznijom i
pouzdanijom.

Upotrebom sive skale isklju¢ene boje prvo se prikazuje
lumen i stijenkazile. Visokorezolutan ultrazvuk omoguéava
procjenu stijenke zZile, mjerenje IMT buduéi da se njezi-
no zadebljanje pokazalo ranim pokazateljem ateroskleroze.
U ranim studijama mjerenje IMT je bilo ru¢no, s velikom
varijabilno$¢u unutar i izmedu ispitivaca. Danas se upotre-
bljavaju automatski kompjutorizirani sustavi, Sto pojed-
nostavljuje ¢itanje, poboljava to¢nost i smanjuje varijabil-
nost mjerenja IMT. Postoje brojni protokoli za procjenu
IMT. Iz podataka epidemioloskih studija zamijecena je
varijabilnost u IMT zajedni¢ke karotidne arterije (ACC)
(u 65-godisnjeg muskarca oko 0,8-0,73 mm). Muskarci
imaju deblje IMT u usporedbi sa Zenama, a debljina raste
za 0,01 mm na godinu. Izgleda da svi poznati ¢imbenici
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that all known atherosclerosis risk factors influence IMT,
e.g., hypertension, especially the increase in systolic blood
pressure, elevated cholesterol and LDL cholesterol, ciga-
rette smoking, diabetes mellitus, some hematologic param-
eters like fibrinogen levels, fibrinopeptide A, D-dimer, tis-
sue plasminogen activator and plasminogen activator in-
hibitor, serum copper, and homocysteine level. No corre-
lation was found with the triglyceride levels and HbA1C
levels in patients with diabetes mellitus, or with alcohol
consumption. An increased IMT was found in patients
with coronary heart disease, and individuals with increased
IMT were found to be at a greater risk of myocardial inf-
arction, stroke and ischemic stroke. Studies in patients
with hiperlipidemia have shown a reduction in IMT with
lipid lowering therapy (PLACII, REGRESS). In hyperten-
sive patients ELSA study has shown a reduction of IMT
progression in parallel with the risk of stroke and myocar-
dial infarction reduction.

In parallel with vessel wall analysis, the search for
plaque is performed. In plaque analysis the morphology,
length and echogenicity are evaluated, along with the
plaque surface characteristics and the degree of vessel
stenosis. Plaques are characterized as being homogeneous
or heterogeneous depending on their echogenicity. Homo-
geneous plaques have a uniform appearance with or with-
out acoustic shadowing. Heterogeneous plaques have a
mixture of low, mid and high-level echoes. Low level ech-
oes are the results of lipid, cholesterol, cell debris, necrot-
ic material or interplaque hemorrhage due to rupture of
small, vulnerable vessels. The differentiation between
these substances is impossible, nevertheless, all of these
substances represent unstability of the plaque, with a high
risk of embolization or growth. A higher level of echoes
usually represents fibrinous material, and high levels of
echoes are the result of calcifications. Calcifications can be
recognized by total reflection of the ultrasound beam,
performing acoustic shadow which makes the analysis of
tissue layers under the plaque impossible. These plaques
are less harmful and have a lower potential of emboliza-
tion or smaller growing potential. At the second interna-
tional consensus meeting, criteria were determined for
characterization of carotid plaques. Plaque composition is
thus characterized in five steps as follows: 1) uniformly
anechogenic plaques with a high risk of stroke; 2) predom-
inantly hypoechoic plaques with hypoechoic areas of more
than 50% of plaque structure; 3) predominantly hypere-
choic plaques with hypoechoic areas of less than 50% of
plaque structure; 4) calcified plaques with the types 2,
3,and 4 of lower stroke risk; and 5) calcified plaques with
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rizika ateroskleroze utjeCu na IMT, kao npr. hipertenzija,
te osobito porast sistoli¢nog krvnog tlaka, povisena razina
kolesterola i LDL kolesterola, pusenje, Secerna bolest, neki
hematoloski parametri kao razina fibrinogena, fibrinopep-
tida A, D-dimera, tkivni aktivator plazminogena i inhibi-
tor aktivatora plazminogena, razina bakra u serumu 1 razi-
na homocisteina. Nije nadena povezanost s razinom triglic-
erida niti s razinom HbA1C u bolesnika sa $e¢ernom bo-
les¢u, kao ni s uporabom alkohola. U bolesnika s koronar-
nom sréanom boles¢u naden je porast IMT koji je bio po-
vezan s porastom rizika za sr¢ani udar, mozdani i ishemij-
ski mozdani udar. Studije u bolesnika s hiperlipidemijom
pokazale su smanjenje IMT tijekom terapije statinima
(PLACII, REGRESS). U hipertenzivnih bolesnika studi-
ja ELSA je pokazala smanjenje rasta IMT usporedno sa
smanjenjem rizika za mozdani ili sr¢ani udar.

Usporedno s analizom stijenke Zile rutinski se traga za
plakovima. U analizi plaka procjenjuje se morfologija,
duzina, ehogenosti, znacajke povrsine plaka i stupanj ste-
noze. Ovisno o ehogenosti, plakovi se opisuju kao homogeni
ili heterogeni. Homogeni plakovi se jednoliko prikazuju, a
mogu ali ne moraju imati akusti¢nu sjenu. Heterogeni pla-
kovi imaju mjeSavinu niske, srednje i visoke razine odjeka.
Niske razine odjeka su posljedica masti, kolesterola,
stani¢nog debrisa, nekroti¢nog materijala ili krvarenja unu-
tar plaka uslijed pucanja malih, vulnerabilnih Zila. Nemo-
guca je razlika izmedu tih tvari, ali bez obzira na to one sve
predstavljaju nestabilnost plaka s visokim rizikom za em-
bolizaciju ili rast plaka. Vise razine odjeka obi¢no predstav-
ljaju fibrozni materijal, dok su visoke razine odjeka poslje-
dica kalcifikacija. Kalcifikacije se prepoznaju potpunom
refleksijom ultrazvucne zrake, te na taj nacin tvore akustic-
ne sjene koje onemogucuju analizu tkivnih slojeva ispod
plaka. Takvi su plakovi manje opasni, imaju nizak poten-
cijal za embolizaciju ili rast plaka. Na Drugom internacio-
nalnom koncenzusnom sastanku definirani su kriteriji za
karakterizaciju plakova. Prema sastavu plaka oni se klasi-
ficiraju u pet skupina: 1. uniformno anchogeni plakovi s
visokim rizikom za nastanak mozdanog udara, 2. pretezito
hipoehogeni plakovi u kojima hipoehogeni dijelovi zauzi-
maju vise od 50% strukture, 3. pretezito hiperehogeni pla-
kovi u kojima se hipochogeni dijelovi nalaze u manje od
50% strukture plaka, 4. kalcificirani plakovi, a plakovi tipa
2.,3., 4. imaju nizi rizik za nastanak mozdanog udara i 5.
kalcificirani plakovi koji tvore akusti¢ne sjene koje onemo-
gucuju pregled krvne zile i kod kojih se tek treba ustano-
viti rizik za nastanak mozdanog udara.

Povrsina plaka se opisuje kao ravna, nepravilna (katkad
jevidljiv prekid endotela ili ulkusi od 0,4-2 mm) ili ulcerira-

43



Second Congress of Croatian Society for Neurovascular Disorders of Croatian Medical Association
Drugi kongres Hrvatskoga drustva za neurovaskularne poremecaje Hrvatskoga lije¢nickog zbora

acoustic shadow making the vessel lumen evaluation im-
possible, in which the risk of stroke is still under investi-
gation.

Plaque surface can be characterized as regular, irregu-
lar (sometimes disruption of the endothelium is visible,
or ulcers of 0.4-2 mm), or ulcerated (with the ulcer depth
of >2 mm). Plaque ulcers appear as niche or crater forma-
tions on a B-mode image. The imaging in transverse plane
is of great help, allowing for differentiation between plaque
ulcer and accumulation of more plaques that may appear
as irregular surface.

Plaque length and position should be described. Since
angiographies are often omitted, surgeon benefits greatly
from these additional ultrasound details. The length is also
important for the decision on the operation since the
length of insonation is the length of the possibility for
surgical intervention. Patients with plaques extending to
the C2 or intracranial segment are not candidates for sur-
gical intervention. In hemodynamic analysis the plaque
length, position and composition influences velocity mea-
surement.

The possibility of assessment of the plaque stability
may be offered by three- and four-dimensional ultrasound.

The benefit of carotid endarterectomy in stroke pre-
vention in advanced carotid stenosis was proved in large
studies (ECST and NASCET). They were based on an-
giographic findings, although using different methods of
stenosis measurement. If noninvasive imaging is to replace
angiography, the exact relationship between the degree of
stenosis measured by ultrasonographic technique and that
measured by angiography must be accurately defined. The
previously reported studies evaluated sensitivity and spec-
ificity of different criteria used for assessment of the de-
gree of carotid stenosis. While in some investigations the
peak systolic velocity (PSV) in ICA was found to be the
best single velocity parameter for quantifying a >70%
stenosis, in others it was the PSV ratio in ICA and CCA.
"The more so, color Doppler flow imaging enabled visual-
ization of pseudo-occlusion, thus being superior to angiog-
raphy. The application of the same ultrasonographic diag-
nostic criterion of PSV at two ultrasonographic laborato-
ries using similar equipment showed different sensitivity
and specificity in grading of carotid stenosis. A higher sen-
sitivity of ultrasound screening was achieved by use of
diagnostic criteria specific to each laboratory. The combi-
nation of different criteria used at our laboratory to esti-
mate the degree of carotid stenosis has been published.
Grading was made for clinical purposes, since mild steno-
sis does not require frequent controls, moderate stenosis
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na (s ulkusima ve¢im od 2 mm). Ulkusi plaka se prikazuju
kao niSe ili formacije kratera na B-mod slici. Poprecni prikaz
¢e omoguditi razlikovanje ulkusa plaka od nakupine vise
plakova koji se tada mogu prikazivati kao neravna povrsi-
na u longitudinalnom prikazu.

U izvjestaju se opisuje duzina i polozaj plaka. Buduci
da u vecine bolesnika nece biti u¢injena angiografija, vasku-
larnim kirurzima ¢e takve dodatne informacije biti od po-
modi. Duzina plaka je vazna u procjeni odluke za operaci-
ju, bududi da je duzina insonacije ujedno i duzina do koje
je dostupan operacijski zahvat. Bolesnici s plakovima koji
se protezu u C2 ili intrakranijski segment nisu kandidati
za kirurSku intervenciju. U analizi hemodinamike duZzina
plaka, polozaj 1 sadrzaj utje¢u na izmjerenu brzinu u
stenoziranom podrudju.

"Tro- 1 ¢etverodimenzionalni ultrazvuk moZe pruziti
dodatne informaciji u procjeni stabilnosti plaka.

Uspjesnost karotidne endarterektomije u sekundarnoj
prevenciji mozdanog udara je dokazana u velikim studija-
ma (ECST, NASCET). One su bile zasnovane na nalazu
angiografije, 1ako su upotrebljavale razli¢ite metode mje-
renja stenoze. Buduci da neinvazivan prikaz treba zamije-
niti angiografiju, potrebno je to¢no definirati kriterije mje-
renja karotidne stenoze u usporedbi s angiografijom. Pret-
hodne su studije usporedivale osjetljivost i specifi¢nost
razli¢itih kriterija u procjeni razine karotidne stenoze. Dok
su neka istrazivanja pokazala maksimalnu sistolicnu brzinu
u unutarnoj karotidnoj arteriji (ACI) kao najbolji pojedi-
nacni parametar brzine za odredivanje stenoze veée od
70%, u drugim istrazivanjima je to bio odnos maksimalnih
sistoli¢nih brzina u unutarnjoj i zajednickoj karotidnoj ar-
teriji. Neka istrazivanja su pokazala i da je bojom kodirana
doplerska sonografija osjetljivija metoda za otkrivanje pseu-
dookluzije, ¢ak bolja od angiografije. Primjena ultrazvu¢nih
dijagnostickih kriterija maksimalnih sistoli¢nih brzina u dva
ultrazvucna laboratorija sli¢cne opreme je pokazala razlici-
tu osjetljivost 1 specifi¢nost u procjeni karotidne stenoze.
Postignuta je veca osjetljivost ultrazvucnog pretraZivanja
kada su bili upotrebljenti specifi¢ni dijagnosticki kriteriji za
svaki pojedini laboratorij. Objavili smo kombinaciju raz-
licitih kriterija naseg laboratorija kako bismo procijenili
karotidnu stenozu. Stupnjevanje je bilo u¢injeno u klinicke
svrhe, buduéi da se blaze stenoze ne trebaju ¢esto kontro-
lirati, ¢esce se kontroliraju umjerene stenoze, dok su znaca-
jne stenoze kandidati za kirurs$ku intervenciju. Bolesnici s
karotidnom okluzijom se prate. Takvi su rezultati pokaza-
li visoku korelaciju izmedu angiografije i ultrasonografije
u procjeni razli¢itih stupnjeva karotidne stenoze. Ultra-
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has to be controlled more frequent, and advanced stenos-
is patients are candidates for surgical intervention. The
carotid occlusion patients are monitored. These results
showed a high correlation between angiography and ultra-
sonography in detecting various degrees of carotid steno-
sis. Ultrasound was more sensitive in detecting the cate-
gory of severe stenosis (near occlusion, pseudo-occlusion),
as also demonstrated in other studies. Such a combination
of various ultrsonographic parameters proved to be sensi-
tive for the detection of various degrees of carotid steno-
sis, with a very high specificity and yielding high positive
predictive values for such classification.

Although one fourth of ischemic strokes are related to
the vertebrobasilar territory, the investigations of vertebral
arteries have not become so popular. The reason is the
technical problem due to the anatomic position of the
vessels, alow rate of vertebral endarterectomies, and a low
rate of vertebral stenosis as a cause of vertebrobasilar stroke.
Vertebral occlusions may clinically present as a TIA, or a
mild stroke. Vertebral color Doppler imaging may show
physiologic variations in vertebral arteries such as asymme-
try in diameter, hypoplasia or variation in the positioning
in the extracranial part. Doppler parameters may indicate
variation of the intracranial part. Superposition of color
coded flow (in color and in power mode) enabled better
visualization of vertebral artery pathology such as stenos-
1S, occlusion or dissection.

Vasculitis of the nervous system includes a group of
disorders characterized by the histologic feature of inflam-
mation of blood vessels. The diagnosis is suspected on
clinical presentation, and confirmed by signs of inflamma-
tion obtained by laboratory analysis or biopsy. Doppler
sonography may help in noninvasive visualization of the
disease, if the disease is localized in a segment that is ac-
cessible to the ultrasound investigation, as in giant cell
arteritis that affects mostly branches of the aortic arch, in
cranial arteritis or Takayasu’s arteritis. Takayasu’s arteritis
is affecting the branches of the aorta, brachiocephalic
trunk, ostium of the common carotid artery or subclavian
artery, or renal artery (which results in hypertension). Ac-
cording to localization, good visualization of the lesions by
color Doppler is expected. Advanced stenosis of the bra-
chiocephalic trunk cannot be always directly visualized, but
attenuated, changed spectra in both the carotid and sub-
clavian arteries can be recorded. Mural thickening of the
common carotid arteries can be easily seen. Advanced
stenosis or occlusion of the subclavian arteries can be some-
times directly seen, and more information can be addition-
ally obtained by visualization of vertebral arteries. Ad-
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(gotovo okluzija, pseudookluzija), Sto je vec bilo zamijeéeno
u drugim studijama. Takva se kombinacija ultrazvucnih
parametara pokazala osjetljivom u otkrivanju razlicitih
stupnjeva karotidne stenoze, uz vrlo visoku specifi¢nost,
Sto je dovelo do visoke pozitivne prediktivne vrijednosti
za takvu klasifikaciju.

[ako je Cetvrtina ishemijskih mozdanih udara smjeste-
na u vertebrobazilarnom teritoriju, istraZivanja vertebralnih
arterija nisu postala u toj mjeri popularna. Razlog je teh-
nicki problem zbog anatomskog polozaja Zila, niske razine
vertebralih endarterektomija 1 niske razine vertebralnih
stenoza kao uzroka vertebrobazilanog mozdanog udara.
Vertebralna okluzija se moze klinicki prikazati kao prolaz-
ni ishemijski napadaj (‘T1A) ili blagi mozdani udar. Oboje-
ni dopler vertebralnih arterija moze pokazati fizioloske
varijacije vertebralnih arterija kao asimetrije dijametra,
hipoplaziju ili varijacije polozaja u ekstrakranijskom dije-
lu. Doplerski parametri mogu ukazivati na varijacije intrak-
ranijskog dijela. Superpozicija bojom kodiranog protoka (u
boji ili doplerskoj angiografiji) omogucava bolji prikaz pa-
toloskih promjena vertebralnih arterija kao stenoze, oklu-
zije ili disekcije.

Vaskulitis ziv€anog sustava ukljucuje skupinu pore-
mecaja koji su obiljeZeni histoloskim znacajkama upale
krvnih zila. Na osnovi klini¢ke prezentacije postavlja se
sumnja na dijagnozu, a potvrduje se znacima upale koji se
otkivaju laboratorijskom analizom ili biopsijom. Dopler-
ska sonografija moze pomoci u neinvazivnoj vizualizaciji
bolesti ako je lokalizacija bolesti prisutna u segmentu koji
je dostupan ultrazvucnoj pretrazi, kao u arteritisu orijaskih
stanica koji naj¢esce zahvaca grane luka aorte, u kranijskom
arteritisu i Takayasuovu arteritisu. Takayasuov arteritis
zahvaca grane luka aorte, trunkus brahiocefalikus, usée
zajednicke karotidne arterije, potklju¢ne ili bubrezne ar-
terije ($to dovodi do hipertenzije). U skladu s lokalizaci-
jom ocekuje se dobar prikaz lezije obojenim doplerom.
Katkada se ne moze izravno vidjeti znacajna stenoza bra-
hiocefali¢nog trunkusa, ali se biljezi promijenjeni, atenui-
rani hemodinamski spektar u karotidnoj 1 potklju¢noj ar-
teriji. Zadebljanje stijenke zajednicke karotidne arterije se
lagano vidi. Znacajna stenoza ili okluzija potklju¢ne arte-
rije se katkada dobro prikazuje, a dodatne informacije se
dodatno postizu prikazom vertebralnih arterija. Znacajna
okluzivna bolest potklju¢ne arterije ispod polazista verte-
bralne arterije dovodi do kompenzacijskih promjena hemo-
dinamike vertebralne arterije, pojave koja se naziva djelo-
mican ili potpun sindrom krade krvi potklju¢ne arterije.
Perfuzija ruke je potpomognuta iz suprotne potkljuéne
arterije preko kontralateralne u ipsilateralnu vertebralnu
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vanced occlusive disease of subclavian artery before the
origin of vertebral artery lead to compensatory changed
hemodynamics in vertebral artery, the phenomenon being
known as partial or complete subclavian steal syndrome.
Arm perfusion is supported from the other subclavian ar-
tery via contralateral and then ipsilateral vertebral artery.
Therefore, the hemodynamics is partially or completely
inversed in ipsilateral vertebral artery and accelerated in
the contralateral one.

Vasculitis affecting smaller arteries may alter intracra-
nial hemodynamics, which can be measured as impaired
vasoreactivity as a marker of smaller vessel involvement.

Moyamoya disease is a clinical entity of unknown eti-
ology, occurring mainly in Japanese children, rarely in Cau-
casians, and characterized by angiographic findings of bi-
lateral occlusion at the terminal portions of the internal
carotid artery together with a vascular network at the base
of the brain. As a syndrome in other disease it leads to slow-
ly progressive basal cerebral artery stenosis. In extracrani-
al carotid arteries indirect signs of intracranial occlusive
disease can be detected.

Fibromuscular dysplasia is a nonatheromatous arterial
disease of unknown etiology characterized by segmental
narrowing of intermediate-sized arteries in many areas of
the body. Proliferations of different artery layers are lead-
ing to narrowing, dissections and aneurysm formation.
Complete occlusion of the internal carotid or vertebral
artery may develop, leading to stroke. Color-coded Dop-
pler sonography reveals the same findings as angiography,
as a string-pearl formation, unifocal or multifocal tubular
stenosis, diverticulum-like or aneurysmal dilatation. As-
ymptomatic stenotic process is usually localized in C2
portion, while the symptomatic is usually found at bifur-
cation, leading to ischemic symptoms. Such vessels are
candidates for dissection, although dissection may appear
in trauma, or without known risk factors.

Dissections may appear as different findings in color-
coded Doppler mode. When extending from the aortic
arch, double lumina can be seen. Bifurcation stenosis may
dissect leading to the formation of color-coded flow in the
plaque base. In younger persons dissections are usually
affecting distal parts of the internal carotid arteries or ver-
tebral arteries. Hypoechoic stenosis of the vessels in dis-
tal parts can be seen, or when located intracranially and
leading to complete occlusion, then indirect signs of dis-
tal occlusions are present. Such signs include dampened
flow with a high resistance pattern, and possible inversed
hemodynamics during diastole.

"Transcranial Doppler (TCD) was introduced in clini-
cal use in 1982, and proved to be a noninvasive, fast and
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arteriju. Stoga se hemodinamika djelomice ili potpuno
okrece u ipsilateralnoj vertebralnoj arteriji, dok je u kon-
tralateralnoj ubrzana.

Vaskulitis koji zahva¢a manje arterije moze utjecati na
intrakranijsku hemodinamiku koja moze biti promijenjene
vazoreaktivnosti kao biljeg zahvacanja manjih Zzila.

Bolest moyamoya je klinicki entitet nepoznate etiologije
koji se javlja ¢e$ée u djece u Japanu, rjede u bijelaca, a
obiljezena je angiografskim nalazom bilateralnih okluzija
terminalnih dijelova unutarnje karotidne arterije uz razvoj
kolateralne vaskularne mreze baze mozga. Kao sindrom u
drugim bolestima dovodi do sporo progresivne stenoze
bazalnih mozdanih arterija. U ekstrakranijskim karotidnim
arterijama se biljeZe neizravni znaci intrakranijske ok-
luzivne bolesti.

Fibromuskularna displazija je neateromska arterijska
bolest nepoznate etiologije koja je obiljeZena segmentnim
suzavanjima arterija srednje velicine u razlicitim dijelovi-
ma tijela. Proliferacija razlicitih arterijskih slojeva dovodi
do suzavanja, disekcije 1 stvaranja aneurizme. MozZe nas-
tati potpuna okluzija unutarnje karotidne ili vertebralnih
arterija, $to dovodi do nastanka mozdanog udara. Bojom
kodirana doplerska sonografija pokazuje isti nalaz kao an-
giografija, vidljiva je formacija poput Zice ili niske bisera,
unifokalne ili multifokalne tubularne stenoze ili prosire-
nja poput divertikula ili aneurizme. Asimptomatski steno-
ticki proces obicno je lokaliziran u segmentu C2, a ako je
bolest lokalizirana u bifurkaciji ¢es¢e dovodi do pojave
ishemijske simptomatologjje. Takve krvne Zile su podlozne
diseketiji, iako se disekcija moze javiti tijekom traume s ili
bez poznatih ¢imbenika rizika.

Disekcija moze razlicito izgledati na slikama obojenog
doplera. Kada se protezZe iz luka aorte moze se vidjeti dvo-
struki lumen. Stenoze u podrudju bifurkacije mogu diseci-
rati 1 tvoriti bojom kodirani protok u bazi plaka. U mladih
osoba disekcija obi¢no zahvada distalne dijelove unutarn-
jih karotidnih ili vertebralnih arterija. Tada se mogu vidje-
ti suzavanja lumena Zzila hipoehogenom masom u distal-
nom dijelu, a ako se protezu intrakranijski i dovode do pot-
pune okluzije, tada su prisutni neizravni znaci distalne
okluzije. Takvi znakovi ukljucuju izrazitu atenuaciju pro-
toka, odgodene sistoli¢ne akceleracije protoka, visoku re-
zistenciju u hemodinamskom spektru 1 katkad obrnutu
hemodinamiku tijekom dijastole.

Godine 1982. uveden je u klinicku uporabu transk-
ranijski dopler (TCD) 1 pokazao se je neinvazivnom, br-
zom 1 to¢nom dijagnostickom metodom u procjeni moz-
dane hemodinamike. Glavna je prednost TCD moguénost
vremenske rezolucije mjerenja. Takva tehnika omogucava
pradenje 1 razumijevanje promjena mozdane cirkulacije u
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exact diagnostic tool for the evaluation of cerebral hemo-
dynamics. One of the advantages of TCD is the possibil-
ity of time resolution of the measurements. This technique
allows for monitoring and thus understanding changes in
the cerebral circulation under normal and pathologic con-
ditions. Relative changes in cerebral hemodynamics can be
measured objectively, and as long and often as necessary.
"This quality makes TCD irreplaceable in the clinical fol-
low-up of patients and an attractive tool for dealing with
scientific issues. The first application was detection and
monitoring of cerebral vasospasam, invented by Rune
Aaslid, and ever since it has been extensively employed in
avariety of clinical settings. The major advantage of TCD
application is the revealing and screening patients with
acute vascular pathology such as intracranial blood vessel
occlusive disease, to monitor and enhance rt-T'PA throm-
bolysis recanalization, evaluation of intracranial collateral
capacity and redistribution of hemodynamics in extra- or
intracranial occlusive disease, hemodynamic evaluation of
tandem lesions, screening for vascular malformations, and
evaluation of feeding arteries, monitoring of vasospasm,
brain edema and brain death, intraoprative monitoring, etc.
Recent TCD modalities enable estimation of cerebral
vasoreactivity, “brain stress test” and cerebral autoregula-
tion by analyzing cerebral microcirculatory responses after
stimulation test such as COZ reactivity, acetazolamide or
functional tests by cognitive tasks. Introduction of new
software has enabled detection of cerebral microembolic
signals. The union of duplex scan image and pulsed Dop-
pler has enabled imaging of the brain parenchyma with
superposition of color-coded Doppler flow. By this appli-
cation the brain hemodynamic evaluation has become
more reliable than before. Yet, TCD requires operator’s
skill, experience and good mental imaging of the brain
vessels.

Various physiologic conditions may influence TCD
findings, e.g., common anatomic variations of the circle of
Willis and vertebrobasilar system. Therefore the missing
signal (especially Al or P1), asymmetry should not be in-
terpreted as abnormal. The blood flow velocities decrease
with age, hypertension increases mean flow velocities with
increased flow pulsatility. Hypercapnia increases mean flow
velocities and decreases flow pulsatility, whereas hyperven-
tilation decreases mean flow velocities and increases pul-
satility. Various factors including extra- or intracranial steno-
sis or occlusions, or changed downstream circulatory con-
ditions like increased intracranial pressure, or dilated or
spastic resistance vessels determine the waveform pat-
terns. Changes of blood parameters alter blood flow veloci-
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normalnim 1 patolo$kim uvjetima. Relativne promjene
mozdane hemodinamike mogu se objektivno mjeriti koli-
ko je god dugo potrebno. Ova kvaliteta ¢ini TCD neza-
mjenjivom metodom u klinickom praéenju bolesnika i pri-
mamljivom tehnikom u znanstvenim istraZivanjima. Prva
je primjena bila otkrivanje 1 praéenje mozdanog vazospaz-
ma, a prvi ju je primijenio Rune Aaslid i otada se nasiroko
primjenjuje u razli¢itim klinickim uvjetima. Glavna primje-
na T'CD je u otkrivanju i praéenju bolesnika s akutnom
vaskularnom patologijom kao okluzivnom bolesti intra-
kranijskih krvnih Zila, pracenju 1 pospjesivanju rekanaliza-
cije upotrebom tkivnog aktivatora plazminogena, procje-
na intrakranijskog kolateralnog kapaciteta i redistribucije
hemodinamike u ekstra- ili intrakranijskoj okluzivnoj boles-
ti, hemodinamska procjena tandemskih lezija, potraga za
vaskularnim malformacijama i evaluacija Zila hraniteljica,
pradenje vazospazma, mozdanog edema i mozdane smrti,
intraoperacijsko pracenje itd. Novije moguénosti TCD
omogucavaju procjenu mozdane vazoreaktivnosti, “stres
testovi mozga” 1 mozdana autoregulacija analizom cerebral-
nog mikrocirkulacijskog odgovora na podrazaje kao reak-
tivnost na uglji¢ni dioksid, acetazolamid ili funkcijske te-
stove kognitivnom stimulacijom. Primjena novih programa
omogucava otkrivanje cerebralnih mikroembolijskih signa-
la. Sustavi koji imaju ujedinjeni dupleks prikaz i pulsni
dopler omogucavaju prikaz mozdanog parenhima uza su-
perpoziciju bojom kodiranog protoka. Na taj je na¢in procje-
na mozdane hemodinamike pouzdanija nego ranije. Ipak
T'CD zahtijeva spretnost i iskustvo izvodaca i dobru men-
talnu orijentaciju o mozdanom krvozilju.

Brojni fizioloski uvjeti mogu utjecati na nalaz TCD, kao
Ceste anatomske varijacije Willisova kruga i vertebrobazilar-
nog sustava. Stoga, ako nedostaje neki signal (osobito Al
ili P1), asimetrija se ne tumaci kao abnormalna. Brzine
strujanja krvi se smanjuju s dobi, hipertenzija povisuje sred-
nje brzine strujanja uz porast pulsatilnosti protoka. Hip-
erkapnija povisuje srednje brzine protoka i smanjuje pul-
satilnost, dok hiperventilacija snizuje srednje brzine pro-
toka 1 povisuje pulsatilnost. Razli¢iti ¢imbenici utjeCu na
izgled signature vala, a ukljucuju ekstra- ili intrakranijsku
stenozu ili okluziju, promijenjene cirkulacijske uvjete niz-
vodno kao porast intrakranijskog tlaka ili prosirene ili
spasti¢ne rezistentne Zile. Promjene krvnih parametara
utjecu na brzine te tako anemija povisuje brzine strujanja
krvi, dok porast viskoznosti u policitemiji ili povisenim
razinama fibrinogena snizuje brzine strujanja krvi.

Uz procjenu intrakranijskih fizioloskih uvjeta mogu se
ustanoviti i locirati patoloski uvjeti kao stenoza ili okluzi-
ja. TCD moZe predvidjeti ishod mozdanog udara ovisno o
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ties, anemia increases blood flow velocities, whereas in-
creased viscosity in polycythemia or increased fibrinogen
levels lowers blood flow velocities.

Besides evaluation of intracranial physiologic condi-
tions, pathologic conditions like stenosis or occlusion can
be seen and located. TCD may predict stroke outcome
depending on the localization of the intracranial vessel
occlusion. Recanalization of the occluded or stenosed ves-
sel can be monitored. Diagnostic ultrasound in combina-
tion with the tissue plasminogen activator (tPA) enhanc-
es tPA-induced recanalization thus improving outcome.

In hemorrhagic stroke TCD provides information on
intracranial pathology like vascular malformations or devel-
opment of vasospasm. Due to transportability and nonin-
vasiveness it can be repeated many times, thus enabling
monitoring of the time course of vasospasm or intracranial
pressure increase. The development of cerebral circulatory
arrest can be monitored as part of brain death protocol.

Likewise the evaluation of normal hemodynamics,
transcranial color-coded Doppler (TCCD) sonography
provides more reliable information in the assessment of
intracranial pathology. The color-coded flow is superim-
posed on gray scale image of the brain parenchyma using
several brain markers for orientation. Switching the color
on, the color-coded flow images through the vessels of the
circle of Willis are displayed. Placing the sample volume
on a defined color-coded signal, the hemodynamics of the
desired segment is displayed. The accuracy of the intrac-
ranial hemodynamic analysis is more reliable. By placing
the transducer suboccipitally, under the foramen magnus,
the vertebrobasilar system is displayed. Due to the tortu-
osity of the vessels, an adequate image of the basilar artery
origin and course is rarely obtained.

Vascular malformation can be visualized by means of
TCCD, and brain-feeding arteries can be assessed. Aneu-
rysms can be displayed as an additional color-coded struc-
ture adjacent to the artery, with a characteristic color-cod-
ed flow pattern. In subarachnoid hemorrhage the vessels
will be thinny due to vasospasm. Vasospasm of the cere-
bral vessels refers to a transient contraction of the intrac-
ranial arteries, which can occur in a variety of disorders
affecting the central nervous system and can produce tran-
sient or permanent neurologic dysfunction by inducing
cerebral ischemia. The most common clinical setting is
following spontaneous subarachnoid hemorrhage, fre-
quently secondary to rupture of intracranial aneurysms, but
may also follow brain trauma, meningitis and preeclamp-
sia. Vasospasm is the primary cause of delayed ischemic
neurologic deficit and mortality. Therefore it is important
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lokalizaciji intrakranijske okluzije Zile. MoZe se pratiti re-
kanalizacija okludirane ili stenozirane Zile. Dijagnosticki
ultrazvuk u kombinaciji s tkivnim aktivatorom plazmino-
gena (tPA) pospjesuje tPA-om izazvanu rekanalizaciju i
poboljsava ishod u bolesnika.

U hemoragi¢nom mozdanom udaru TCD pruza infor-
macije o intrakranijskoj patologiji, kao o prisutnosti vasku-
larnih malformacija ili razvoju vazospazma. Budu¢i da je
prijenosan 1 neinvazivan, moze se vise puta ponavljati, $to
omogucava praéenje tijeka vazospazma ili porasta intra-
kranijskog tlaka. Moguce je pratiti razvoj cerebralnog cir-
kulacijskog aresta u dijagnostici mozdane smrti.

Transkranijska bojom kodirana doplerska (TCCD)
sonografija pruza pouzdanije informacije u procjeni intra-
kranijske normalne i patoloske hemodinamike. Bojom ko-
dirani protok se superponira na sivu skalu prikaza mozda-
nog parenhima, gdje se rabe dijelovi mozga kao orijen-
tacijske tocke. Uklju¢ivanjem boje prikazuje se bojom kodi-
rani protok u zilama Willisova kruga. Kada se osjetljiv uzorak
postavi na definirani bojom kodirani signal, prikazuje se
hemodinamika u Zeljenom segmentu. To¢nost analize
prikazane intrakranijske hemodinamike je veca. Postavlja-
njem sonde subokcipitalno, ispod velikog otvora, prikazuje
se vertebrobazilarni sustav. Zbog vijugavosti Zila rijetko se
primjereno prikaze polaziSte 1 tijek bazilarne arterije.

Upotrebom TCCD mogu se prikazati vaskularne mal-
formacije i procijeniti Zile hraniteljice. Aneurizme se prika-
zuju kao dodatna struktura boje uz arteriju, uz znakovito
bojenje kolorom kodiranog protoka. U subarahnoidnom
krvarenju Zile su uske zbog vazospazma. Vazospazam je
prolazna kontrakcija mozdanih krvnih Zila koja nastaje u
razli¢itim bolestima koje zahvacaju sredi$nji Ziv¢ani sustay,
uzrokuje mozdanu ishemiju i moze dovesti do prolazne ili
trajne neuroloske disfunkcije. Naj¢esce nastaje nakon
spontanog subarahnoidnog krvarenja, ¢esto nakon rupture
intrakranijske aneurizme, ali moZe nastati i nakon mozdane
traume, u sklopu meningitisa ili eklampsije. Vazospazam
je primarni uzrok odgodenih ishemijskih neuroloskih de-
ficita i smrtnosti. Stoga je vazno imati mogucnost njegova
neinvazivnog otkrivanja i praéenja kako bi se moglo primi-
jeniti u¢inkovito lije¢enje. TCD je pouzdana metoda u
dijagnostici mozdanog vazospazma mjerenjem porasta brzi-
na strujanja krvi u bazalnih mozdanim arterijama. Odnos
ACM/ACI se moZe izracunati kako bi se iskljucila hiper-
perfuzija.

Doplerski spektar sadrzi informacije koje se odnose na
intenzitet ili koli¢inu zvuka koja se reflektira prema son-
di. To je odnos broja crvenih krvnih stanica i oznacava
koli¢inu krvi unutar osjetljivog uzroka. Intenzitet reflek-

Acta Clin Croat, Vol. 43, Suppl. 1, 2004



Second Congress of Croatian Society for Neurovascular Disorders of Croatian Medical Association
Drugi kongres Hrvatskoga drustva za neurovaskularne poremecaje Hrvatskoga lije¢ni¢kog zbora

to have a noninvasive possibility for its detection and
monitoring, so that effective treatment can be used. TCD
is a reliable method for detecting cerebral vasospasm by
measuring the increased blood flow velocities in basal ce-
rebral arteries. The MCA/ICA ratio can be calculated to
exclude hyperperfusion.

Doppler spectrum contains information regarding the
intensity or amount of sound that is reflected back to the
transducer. It is in proportion to the number of red blood
cells and indicates the amount of blood in the sample vol-
ume. The intensity of the reflected sound at a particular
frequency depends on the number of red blood cells mov-
ing at a particular velocity. The signal power of each ve-
locity component can be coded in a color or gray scale on a
computer display using the spectrum analysis technique.
An embolus moving through the sample volume increases
the amount of ultrasound being reflected back to the trans-
ducer, so this hyperintensive transient signal increase
(HITS) in the Doppler spectrum corresponds to the mi-
croembolic signal (MES) as the embolic particle passes
through the cerebral circulation. MES are more frequent-
ly detected when retesting a suspected individual on dif-
ferent days, or on prolonged monitoring. The accurate and
reliable characterization of embolus size and composition
is not yet possible using current technology. The ability to
detect emboli is hampered by several factors including
equipment characteristics. Embolus size and echogenici-
ty determine the intensity of the signal. MES can be found
more frequently in patients with symptomatic than in
those with asymptomatic carotid stenosis. Most MES are
asymptomatic, but are still believed to be a marker of the
risk of ischemic events. Similar are data for patients with
atrial fibrillation, prosthetic heart valves, and mural throm-
bus in the left atrium. MES detection can be used to lo-
calize an embolic source and to identify high-risk patients
with carotid or arterial sources of embolism, to monitor
patients during invasive procedures or operations, and to
assess the effect of antithrombotic or anticoagulant treat-
ment. The standardization of the equipment, methodol-
ogy, and methods for analysis and interpretation (to less-
en inter- and intraobserver variability and semi-automatic
embolus detection algorithms) is required to obtain high
report sensitivity and specificity.

Paradoxical embolism may occur viz a patent foramen
ovale or presence of an atrial septal aneurysm. Bubble test
is performed by injection of saline containing air bubbles
or echo-contrast enhancing agents into the cubital vein.
TCD registers the HI'TS appearing in the left MCA. They
may appear as single emboli, multiple emboli, shower with-
out curtain, and curtain of emboli. The sensitivity of con-
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tiranog zvuka na odredenoj frekvenciji ovisi o broju crvenih
krvnih stanica koje se krec¢u odredenom brzinom. Signal
snage svake komponente brzine se mozZe kodirati u boji ili
intenzitetom sive skale na zaslonu racunala, upotrebom
tehnike spektralne analize. Embolus koji prolazi kroz os-
jetljiv uzorak povecava koli¢inu ultrazvuka koji se reflek-
tira prema sondi, tako da hiperintenzivno prolazno po-
vecanje signala (/gh intensity transient signal, HI'TS) dople-
rovog spektra odgovara mikroembolijskom signalu (MES)
kada Cestica embolijskog materijala prolazi kroz mozdanu
cirkulaciju. Veéa je vjerojatnost otkrivanja MES kada se
ponavljano, u vise dana, testira pojedinac kod kojeg se
oc¢ekuje njegova pojava ili kod produzenog snimanja. Pri-
mjenom sadasnje tehnologije zasad nije moguce tocno i
pouzdano odrediti veli¢inu embolusa i njegov sastav. Neko-
liko ¢imbenika, ukljucujuéi znacajke opreme, utjecu na
mogucnost otkrivanja embolija. Veli¢ina embolusa 1 eho-
genost odreduju intenzitet signala. Cedée se otkrivaju MES
u bolesnika sa simptomatskom nego u bolesnika s asim-
ptomatskom karotidnom stenozom. Ve¢inom su MES
asimptomatski, ali se ipak vjeruje da predstavljaju biljeg
rizika za nastanak ishemijskih dogadaja. Sli¢ni su podaci za
bolesnike s atrijskom fibrilacijom, umjetnim sr¢anim val-
vulama, muralnim trombom u lijevom atriju. Otkrivanje
MES se moze upotrijebiti kako bi se lokalizirao izvor em-
bolija i identificirali visoko rizi¢ni bolesnici s karotidnim
ili arterijskim izvorom embolija, pratilo bolesnike za vrijeme
invazivnih postupaka ili operacije 1 procijenio ucinak anti-
trombotske ili antikoagulantne terapije. Potrebna je stan-
dardizacija opreme, metodologije i metode za analizu i
interpretaciju (i u manjoj mjeri varijabilnost unutar i izme-
du ispitivaca i algoritam poluautomatskog otkrivanja em-
bolija), kako bi se postigla visoka osjetljivost i specifi¢nost
nalaza.

Paradoksi¢ni embolizam moZe nastati preko otvorenog
foramena ovale ili prisutnosti atrijske septalne aneurizme.
Primjenjuje se test mjehurica tako da se injicira fizioloska
otopina koja sadrzi zratne mjehuriée ili eho-kontrastno
sredstvo u kubitalnu venu. Pomocéu TCD biljeze se HITS
koji se pojavljuju u lijevoj srednjoj mozdanoj arteriji. Moze
se javiti jedan embolus, vise embolija, tu§ emoblija bez
zastora ili zastor pun embolusa. Senzitivnost kontrastnog
TCD se kreée od 70% do 100% uza specifi¢nost koja prelazi
95% u otkrivanju desno-lijevih sr¢anih ili pluénih arterio-
venskih komunikacija. Rutinsko izvodenje Valsalvina
manevra za vrijeme testa povecava osjetljivost 1 speci-
ficnost.

Mozdana vazoreaktivnost je fizioloski zastitni mehani-
zam koji cuva mozak od oSteéenja tako Sto odrzava njego-
vu opskrbu krvlju stalnom. Cerebralna arterijska autoreg-
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trast TCD ranges between 70% and 100%, with the spec-
ificity exceeding 95% in detecting right to left cardiac or
pulmonary arteriovenous shunts. The routine performance
of Valsalva maneuver during the test can improve sensitiv-
ity and specificity.

Cerebral vasoreactivity is a psychological protective
mechanism that prevents brain damage by keeping stable
blood flow supply. Cerebral arterial autoregulation is ac-
complished by resistance changes that occur at the level
of smaller cerebral arteries, while the basal cerebral arter-
ies remain constant in diameter during moderate pressure
fluctuations. Cerebral vasoreactivity could be estimated by
measuring mean blood flow velocity changes during cere-
bral vessel stimulation tests by TCD. They all are based
on the biophysiology of vessel wall responsiveness. The
best known are CO2 and acetazolamide tests, which can
be combined with TCD. These tests provoke changes in
cerebral arteriolar diameters, influencing cerebral blood
flow changes. Induced hypercapnia strongly stimulates
vasodilatation of cerebral arterioles, lowers peripheral blood
pressure, and increases blood flow velocities. In patients
with exhausted cerebral vasomotor reaction, the resistance
bed is dilated at baseline and no further dilatation is pos-
sible. They express impaired cerebral vasoreactivity to
vasodilator stimuli. Such patients are at an increased risk
of development of cerebrovascular ischemic event. In pa-
tients with severe extracranial internal carotid disease,
diminished vasomotor reactivity has been associated with
an increased risk of stroke, and spontaneously improved
following endarterectomy.

Cerebrovascular ultrasonography has shown an almost
exponential growth over the last decades. Many ultrasound
techniques are available for routine noninvasive examina-
tion of extracranial arteries in the detection and quantifi-
cation of stenosis, evaluation of plaque stability, diagnosis
and follow up of dissections, evaluation of intracranial
hemodynamics and redistribution in the presence of col-
lateral flow. Applied with rt-T'PA, it enhances thromboly-
sis. New software enables noninvasive embolus detection
and functional imaging. All this enables complete diagno-
sis of stroke patients and of individuals at stroke risk. The
great advantage is that the methods are easy, reliable, non-
invasive, and can be repeated as much as needed. The
equipment is small and transportable, enabling evaluation
at patient bedside.
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NEUROPHYSIOLOGIC METHODS IN STROKE DIAGNOSIS
NEUROFIZIOLOSKE METODE U DIJAGNOSTICI MOZDANOG UDARA

Ivan Bielen

Department of Neurology, Sveti Duh General Hospital, Zagreb, Croatia

Odjel za neurologiju, Opca bolnica “Sveti Duh”, Zagreb

Clinical neurophysiology methods are commonly de-
fined as methods for recording the bioelectrical cellular
activity. In case of cerebral pathology, electroencephalog-
raphy (EEG) and methods derived from it have so far been
dominant techniques. With the same purpose different
variations of evoked potentials (EP), sensory and motor,
can be applied. A common feature of all of these techniques
is visual presentation of the spatially and temporarily
summed neuronal activity, which is enabled by specific
structural and functional organization of the brain. Con-
cerning the origin of EEG activity, great populations of
parallelly-oriented neurons make possible the formation
of transient electrical gradients, their voltages being suf-
ficient to be recorded on the scalp surface. In comparison
to neuroimaging methods, the main advantage of the neu-
rophysiologic methods is their high temporal resolution
that cannot be reached even by the last generations of the
functional magnetic resonance imaging (fMRI), as well as
their promptness by which the electrophysiologic param-
eters appear during the pathophysiologic brain processes.
However, the common characteristic of the registered
neurophysiologic parameters is that they are the result of
a complex cerebral integration of the spatially remote neu-
ral networks. Consequently, the implication of this is a
considerably weaker spatial resolution if compared to the
standard neuroimaging techniques.

In the routine diagnosis of stroke, which can be defined
by a sudden appearance of the neurologic deficit that may
be attributable to focal vascular pathology', in the majori-
ty of cases the neurophysiologic methods are not indicat-
ed. Neither by the localization value, nor by the specifity
of the findings can they replace contemporary neuroimag-
ing techniques. In addition to this, no direct conclusion
regarding vascular pathology can be made. Nevertheless,
there are situations in the stroke diagnosis when neuro-
physiologic methods have the advantage over the neuroim-
aging ones. For instance, this is the situation when the is-
chemic lesion has not yet become apparent on the com-
puterized tomography images (CT). In contrast to this,
EEG shows abnormalities almost simultaneously with the
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Klini¢ke neurofizioloske metode ¢esto se definiraju kao
metode za registriranje bioelektri¢ne stani¢ne aktivnosti.
U slu¢aju mozdane patologije dosad su prevladavale elek-
troencefalografija (EEG) 11z nje izvedene metode. Za istu
namjenu mogu se rabiti razlicite inacice evociranih poten-
cijala (EP), senzornih i motornih. Zajednicko obiljezje svih
ovih tehnika je vizualni prikaz prostorno i viemenski sum-
irane neuronske aktivnosti, §to je omoguéeno specificnom
strukturnom 1 funkcijskom organizacijom mozga. Glede
podrijetla EEG aktivnosti, velike populacije usporedno
orijentiranih neurona omogucavaju stvaranje prolaznih ele-
keri¢nih gradijenata napona kojih su dostatni da bi se zabi-
ljezili na povrsini vlasista. U usporedbi s metodama neu-
roprikazivanja, glavna prednost neurofizioloskih metoda je
njihova visoka vremenska rezolucija kakvu nije moguce
postiéi niti posljednjim generacijama funkcijskog prikazi-
vanja magnetskom rezonancom (fMRI), kao 1 brzina ko-
jom se elektrofizioloski parametri pojavljuju tijekom pato-
fizioloskih procesa u mozgu. Medutim, zajednicko obiljezje
zabiljezenih neurofizioloskih parametara je to $to su oni
rezultat sloZene mozgovne integracije prostorno udaljenih
neuralnih mreza. To pak za sobom povlaci znatno slabiju
prostornu rezoluciju u usporedbi sa standardnim tehnika-
ma slikovnog prikazivanja.

U rutinskoj dijagnostici mozdanog udara koji se moze
definirati kao iznenadna pojava neuroloskog deficita koji
se moze pripisati Zari$noj vaskularnoj patologiji', neurofi-
zioloske metode u vedini slucajeva nisu indicirane. One ne
mogu zamijeniti suvremene tehnike slikovnog prikazivanja
niti po vrijednosti u lokalizaciji niti specificnos$¢u nalaza.
Uz to, ne moZe se donijeti nikakav izravan zakljucak u svezi
s vaskularnom patologijom. Ipak, postoje situacije u dijag-
nostici mozdanog udara kad neurofizioloske metode ima-
ju prednost pred onima neuroprikazivanja. Primjerice, tak-
va je situacija kad ishemijsko ostecenje jos nije postalo vid-
ljivo na prikazima kompjutorizirane tomografije (CT). Za
razliku od CT; EEG ¢e nenormalnosti prikazati gotovo
istodobno s poremecajem krvnog protoka. Obi¢no se moze
razlikovati supratentorijalno od infratentorijalnog ostecenja
ili od manjih hemisfernih ostecenja u subkortikalnim
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blood flow failure. It is commonly possible to differenti-
ate cortical supratentorial from infratentorial lesion, or from
minor hemispheric lesions in the subcortical structures.
Cortical lesions are characterized by the slow activity with
maximal changes in parietotemporal regions. The period-
ical lateralized epileptiform discharges (PLEDs) can be
seen less frequently. This pattern is not nosologically spe-
cific, but in the context of stroke diagnosis the possibility
of the watershed infarction that has some diagnostic and
therapeutic implications should be kept in mind. In mi-
nor subcortical hemispheric lesions, except those affect-
ing mesencephalic tegmentum and thalamic structures,
EEG is normal or shows only slight abnormalities. Also,
EEG can be useful in the diagnosis of the infarcts in the
inferior part of the brainstem. In some patients with this
syndrome EEG pattern is characterized by the normal al-
pha rhythm that does not show expected desynchroniza-
tion after sensory stimulation. In some centers EEG re-
cording is part of the operative monitoring during the ca-
rotid surgery. During these procedures arterial clamping
is promptly followed by EEG changes that can be visually
and digitally analyzed, and the information thus obtained
can be helpful in further operative decisions, especially
regarding shunting.

The application of digital processing of the recorded
bioelectrical potentials can significantly increase diagnos-
tic sensitivity of the EEG. In terms of frequency spectra
and the potential amplitude, the EEG signal can by ana-
lyzed in the chosen sequence of time. The data obtained
in this way can be displayed as a quantitative analysis and/
or topographic map on the scalp projection. These tech-
niques are sometimes referred to as brain mapping, al-
though some authors think that this term should be used
more restrictively, only for topographic displays® By the use
of quantitative analysis, it is possible to reveal discrete
changes in EEG records that are very difficult to diagnose
only by visual analysis. During the acute phase of stroke
lateralized abnormalities can be found by visual analysis in
40%-70% of patients®. This percentage can be increased
to up to 90% by the use of quantitative EEG**. The local-
izational value can also be increased, as in terms of projec-
tion of pathologic electrogenerator on the scalp surface’,
so in relation to deeper structures®. However, even by use
of the mentioned technical progress, it has not been pos-
sible to increase the nosologic specificity that is necessary
to differentiate cerebral infarcts from hemorrhage and
other expansive processes.

Quantitative analysis confirmed the high sensitivity of
EEG for changes of the cerebral blood flow. The EEG
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strukturama. Kortikalne lezije su obiljeZene polaganom ak-
tivnos¢u s maksimalnim promjenama u parietotempo-
ralnim podrué¢jima. Rjede se mogu vidjeti periodi¢ni la-
teralizirani epileptiformni izboji (PLED). Ovakva situacija
nije nozoloski specifi¢na, ali u kontekstu mozdanog udara
valja imati na umu moguénost infarkt sliva (wazershed in-
Jarction) s dijagnostickim i terapijskim implikacijama. Kod
manjih subkortikalnih hemisfernih o$tecenja, osim onih
koja zahvacaju mezencefalni tegment i strukture talamusa,
EEG je normalna ili pokazuje samo blaze nenormalnosti.
EEG mozZe isto tako biti korisna u dijagnostici infarkta
donjeg dijela mozdanog debla. U nekih bolesnika s ovim
sindromom EEG zapis je obiljeZen normalnim alfa ritmom
koji ne pokazuje o¢ekivanu desinkronizaciju nakon osjetil-
ne stimulacije. U nekim centrima je zapis EEG dio opera-
cijskog pracenja tijekom zahvata na karotidama. Tijekom
ovih zahvata promjene u EEG slijede odmah nakon po-
stavljanja stezaljka na karotidu 1 mogu se vizualno 1 digi-
talno analizirati, a tako dobiveni podaci mogu pomo¢i u
daljnjim operacijskim odlukama, poglavito glede postav-
ljanja meduspoja (shunting).

Digitalnom obradom zabiljezenih bioelektri¢nih poten-
cijala moZe se znacajno povecati dijagnosticka osjetljivost
EEG. Sto se tice frekvencijskih spektara i amplitude po-
tencijala, EEG signal se moZe analizirati u odabranom vre-
menskom slijedu. Tako dobiveni podaci mogu se prikazati
kao kvantitativna analiza i/ili topografska karta na projekciji
vlasista. Ove tehnike ponekad se nazivaju “mapiranjem”
mozga, iako neki autori smatraju kako ovaj izraz treba stroze
primjenjivati i to samo za topografske prikaze?. Uz primjenu
kvantitativne analize mogu se otkriti fine promjene u EEG
zapisima koje je tesko dijagnosticirati samo vizualnom
analizom. Za vrijeme akutne faze mozdanog udara latera-
lizirane nenormalnosti mogu se naci vizualnom analizom
u 40%-70% bolesnika®. Ovaj se postotak moze povisiti do
90% primjenom kvantitativne EEG**. MozZe se poveéati i
lokalizacijska vrijednost, kako u smislu projekcije patolos-
kog elektrogeneratora na povrsini vlasiSta®, tako i glede
dubljih struktura®. Medutim, ¢ak ni uporabom spomenu-
tog tehnickog napretka nije se mogla povecati nozoloska
specificnost koja je potrebna za razlikovanje mozdanih
infarkta od krvarenja i drugih ekspanzivnih procesa.

Kvantitativna analiza je potvrdila visoku osjetljivost
EEG za promjene mozdanog krvotoka. Spektri EEG,
poglavito oni delta-frekvencije, pokazali su visoke koefi-
cijente korelacije (oko 90%) s regionalnim krvotokom i me-
tabolizmom kisika mjerenim tomografijom s emitiranjem
pozitrona (PET)’. Klini¢ka primjena analize frekvencija
ponovno je potvrdila potencijal EEG da biljezi promjene
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spectra, especially those of delta-frequency, showed high
correlation coefficients (~90%) with regional blood flow
and oxygen metabolism measured by positron emission
tomography (PET)’. Clinical applications of frequency
analysis reaffirmed the EEG potential to be able to record
changes of bioelectrical potentials caused by cerebral hy-
poperfusion even before they could be demonstrated by
CT. Besides, by use of these methods it was demonstrat-
ed that it could be sometimes possible to reveal the ab-
normalities that could not, even later on, be shown by brain
C'T, which is the case in some transient and reversible is-
chemic episodes®. Based on these and similar studies, it
can be concluded that EEG is a sensitive and adequate
method in the detection of cerebral dysfunction caused by
hypoperfusion and hypometabolism. The spectral analy-
sis of EEG records increased the sensitivity and reliability
of monitoring during carotid endarterectomies™'’. Despite
these advantages, EEG is relatively rarely used in standard
stroke diagnosis. The main reason is that, after a complete
neurologic examination supplemented by neuroimaging
and neurosonologic investigations, there are only a few
relevant clinical questions left. There is no doubt that
quantitative EEG and related techniques have a great
value in the scientific studies, but its clinical use is to some
extent limited by the problems related to the correct in-
terpretation of finding that is not rarely further aggravat-
ed by several exogenous and endogenous artefacts.

"The clinical usefulness of the remaining neurophysio-
logic techniques in the stroke diagnosis has similar limita-
tions as EEG. For instance, the findings of sensory evoked
potentials in the clinical context of the acute stroke diag-
nosis do not show a specificity of changes that is evident
in some other diseases. Moreover, the localizational value
of evoked potentials is far behind the neuroimaging find-
ings. However, there are clinical questions that cannot be
answered even by modern MR studies, but by use of ad-
ditional electrophysiologic examinations useful informa-
tion can still be obtained. An example is the pontine inf-
arct that can be followed by the cochlear infarct, too. Af-
fection or nonaffection of cochlea in this clinical picture
can be detected by brainstem auditory evoked potentials
(BAEP)!'. The neurophysiologic techniques can also be
used in localization of other brainstem syndromes, espe-
cially if MRI is not available. The example for such applica-
tions of BAEP is a locked-in syndrome'. Similarly; local-
ization of the infarct in Wallenberg’s syndrome can by fa-
cilitated by the analysis of blink-reflex'?. Visual and soma-
tosensory evoked potentials can also be used in objectify-
ing the lesions caused by stroke, but in the routine diag-
nosis they are commonly not indicated.
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bioelektri¢nih potencijala uzrokovane mozdanom hipop-
erfuzijom ¢ak i prije nego $to se oni mogu dokazati na C'T.
Uz to, uporabom ovih metoda dokazano je kako se ponekad
mogu otkriti nenormalnosti koje se ne mogu, ¢ak ni kas-
nije, prikazati pomoéu CT mozga, $to je slucaj u nekim
prolaznim i reverzibilnim ishemijskim ispadima®. Na osnovi
ovih 1 sli¢nih ispitivanja moze se zakljuciti kako je EEG
osjetljiva i odgovarajuca metoda u otkrivanju mozdane dis-
funkeije uzrokovane hipoperfuzijom i hipometabolizmom.
Spektralna analiza EEG zapisa povecala je osjetljivost 1
pouzdanost pracenja tijekom karotidnih endarterektomi-
ja*'% Usprkos ovim prednostima EEG se relativno rijetko
rabi u standardnoj dijagnostici mozdanog udara. Glavni
razlog tome je to $to nakon potpunog neuroloskog pregle-
da dopunjenog pregledima pomocu neuroprikazivanja i
neurosonologije preostaje malo vaznijih klinic¢kih pitanja.
Nema sumnje da kvantitativna EEG 1 s njom povezane
tehnike imaju veliku vrijednost u znanstvenim istrazZiva-
njima, no njihova klinicka primjena je donekle ogranic¢ena
problemima povezanim s ispravnim tumacenjem nalaza
koji se nerijetko i dalje pogorsava nekolicinom egzogenih i
endogenih artefakata.

Klinicka korisnost preostalih neurofizioloskih tehnika
u dijagnostici mozdanog udara ima sli¢na ogranicenja kao
EEG. Na primjer, nalazi senzornih evociranih potencijala
u klinickom kontekstu dijagnostike akutnog mozdanog
udara ne pokazuju specificnost promjena koja je ocita kod
nekih drugih bolesti. Stovise, lokalizacijska vrijednost evo-
ciranih potencijala daleko zaostaje za onom kod nalaza
neuroprikazivanja. Medutim, postoje klinicka pitanja na
koja ne mogu odgovoriti niti ispitivanja suvremenom MR,
dok se primjenom dodatnih elektrofizioloskih pregleda
ipak mogu dobiti korisni podaci. Primjer za to je pontinski
infarkt nakon kojega moze uslijediti i kohlearni infarke.
Zahvacenost ili nezahvacenost kohleje kod ovakve klinicke
slike moze se otkriti pomocu slusnih evociranih potenci-
jala mozdanog debla (BAEP)!'. Neurofizioloske tehnike
mogu se isto tako rabiti u lokaliziranju drugih sindroma
mozdanog debla, osobito ako MRI nije dostupno. Primjer
za takvu primjenu BAEP je sindrom “zabravljenosti”
(locked-in syndrome)'*. Sli¢no tome, lokalizaciju infarkta kod
Wallenbergova sindroma olaksati ¢e analiza refleksa zmir-
kanja®. Vidni i somatosenzorni evocirani potencijali mogu
se isto tako primijeniti u objektiviranju ostecenja uzroko-
vanih mozdanim udarom, no u rutinskoj dijagnostici oni
obi¢no nisu indicirani.

Kako je gore naglaseno, neurofizioloske metode danas
kod vecine bolesnika imaju dopunsku ulogu u standardnoj
dijagnostici moZzdanog udara'*. Medutim, ako se pojam
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As emphasized above, neurophysiologic methods have
nowadays a supplemental role in the standard stroke di-
agnosis for the majority of patients!*. However, if the term
stroke diagnosis is considered more widely and if it includes
the process of diagnosing clinical consequences of the ini-
tial accident, and also the follow-up of the neurologic im-
pairment, the neurophysiologic methods will be in quite
different position. In that case they are complementary or
leading in comparison to neuroimaging and neuropsycho-
logic methods. In this context, it can be expected from the
neurophysiologic methods to bring information with a pri-
marily functional value. So, the quantitative EEG proved
to be a valuable tool for monitoring effects of antiedemic
therapy in patients with stroke!!®, and in some prognos-
tic evaluations'”®. Among evoked potentials, the priority
could be given to the endogenous evoked potentials. The
endogenous EPs are less dependent on the characteristics
of peripheral stimulations. They are in principle an expres-
sion of cortical and/or subcortical processing. The synon-
ymously used term is the Event Related Potentials (ERP),
and the best known technique is P 300 or P3 wave. This
method may also be referred to as “cognitive potential”
because it is a potential that is evoked by active process-
ing of the perceived stimulus in the state of complete alert-
ness. The ERP methods are aimed to define the neuro-
physiologic correlates of some language functions'**, and
some studies of the applicability in neurorchabilitation
after stroke are conducted?" .

All of these methods are still developing, and their role
in stroke diagnosis and in the follow-up of its consequences
must yet be defined by well designed clinical studies.

The transcranial magnetic stimulation (TMS) is prob-
ably the most valuable technique among the motor evoked
potentials. By this method it is possible to detect cerebral
regions that are engaged in the performing of various mo-
tor patterns. It is particularly helpful in studies investigat-
ing cerebral plasticity that implies processes of cerebral
reorganization. Using TMS, it is possible to block certain
transitory neural networks, which can also lead to detec-
tion of cortical structures participating in the activities that
are of interest. According to its capacities TMS might be
an important tool in diagnosing functional and structural
changes that occur during the stroke rehabilitation®#.
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In the diagnosis of stroke, computed tomography (CT)
has an advantage over other neuroimaging techniques. CT
is based on the measurement of tissue structural density
expressed in Hounsfield units (HU). Over the last few
years, sophisticated advancements have been achieved in
C'T; so that spiral CT devices with continuously rotating
x-ray tube with simultaneous continuous movement of x-
ray table, thus reducing the examination to only a few
minutes. The use of ever better detectors has also entailed
improved image resolution. Technologic advances have
enabled CT imaging of blood vessels (CT angiography),
thus greatly reducing the use of invasive methods such as
digital subtraction angiography (DSA).

Magnetic resonance (MR) operates on the principle of
recording H ions in the electromagnetic field. As differen-
tiated from C'T, MR allows for a multiplanar image in three
projections and because of higher resolution enables bet-
ter visualization of anatomic intracranial structures and
earlier diagnosis of many intracranial pathologic changes.
With the use of sophisticated computer elements, im-
proved software and hardware, magnetic field enhance-
ment, and specific imaging sequences MR is currently an
ideal, noninvasive method for the diagnosis of various types
of stroke. Also, MR enables visualization of intracranial and
extracranial arteries (MRA) as well as of the venous sys-
tem with venous sinuses (MRV). Thus, MR has reduced
indications for DSA on screening for intracranial vascular
disease of the brain, offering an opportunity for noninva-
sive multiplanar study of cerebral blood vessels. A disad-
vantage of the method is inadequate visualization of small,
distal vascular branches, inadequate information on flow
direction, dependence on blood flow and on patient’s com-
pliance, as the patient must stay still during the imaging
process. As stroke patients are quite restless in the acute
stage of the disease, C'T is preferred in this stage.

MR and MRA are recommended for evaluation of in-
tracranial vascular pathology, e.g., stroke, arterial stenosis
and obliteration, aneurysm, arteriovenous malformations,
then on diagnosis of various entities of vascular pathology,
especially venous diseases, vague clinical cases, on differ-
ential diagnosis, etc.
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Kompjutorizirana tomografija (C'T) ima prednost pred
drugim tehnikama neuroprikazivanja u dijagnostici
mozdanog udara. Metoda se zasniva na mjerenju gustoce
strukture tkiva izraZzene u Hounsfieldovim jedinicama
(HU), a posljednjih je godina usavrsena te su u upotrebi
spiralni CT uredaji s kontinuiranom rotacijom rentgenske
cijevi uz istodobno neprekidno pomicanje rentgenskog
stola. Na taj nacin se ubrzava pretraga na samo nekoliko
minuta. Uporabom sve boljih detektora poboljsava se i
rezolucija slike. Napredak u tehnologiji omogucio je i prikaz
krvnih zila pomoc¢u CT (CT angiografija), te se uvelike
smanjuje uporaba invazivnih metoda kao Sto je digitalna
subtrakcijska angiografija (DSA).

Magnetska rezonanca (MR) radi na nacelu egistriran-
jaHionau elektromagnetskom polju. Za razliku od CT ona
omogucuje multiplanarni prikaz u tri ravnine, a s obzirom
na postizanje bolje rezolucije omogucuje bolji prikaz ana-
tomskih intrakranijskih struktura, te raniju dijagnostiku
mnogih intrakranijskih patoloskih promjena. Primjenom
sofisticiranih kompjutorskih elemenata, poboljasnjem pro-
grama i samih uredaja, pojaCanjem magnetskog polja i upo-
trebom specificnih sekvenca snimanja MR zasad Cini ide-
alnu neinvazivnu metodu u dijagnostici razlicitih oblika
mozdanog udara. MR omoguduje 1 prikaz intrakranijskih
te ekstrakranijskih arterija (MRA), ali 1 prikaz venskog su-
stava s venskim sinusima (MRV).Tako MRA i MRV sma-
njuju indikacije za DSA u probiru intrakranijskih vasku-
larnih bolesti mozga zbog moguc¢nosti neinvazivnog mul-
tiplanarnog pregleda krvnih Zila mozga. Nedostatak ove
metode je nedostatan prikaz malih distalnih ogranaka
krvnih Zila, nedostatni podaci o smjeru protoka, ovisnost o
protoku krvi te o bolesnikovoj suradnji — bolesnik mora biti
miran za vrijeme snimanja, a s obzirom na to da su bolesnici
s cerebrovaskularnim inzultom u akutnoj fazi nemirni, u
toj fazi prednost ima C'I.

MR i MRA se preporucuju u procjeni intrakranijske
vaskularne patologije: cerebrovaskularnog inzulta, arte-
rijskih stenoza i obliteracija, aneurizma, arterijsko-venskih
malformacija, u dijagnostici razliitih entiteta vaskularne
patologije, narocito u dijagnostici venskih bolesti, u nejas-
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Stroke

Stroke is an acute or subacute occurrence of symptoms
caused by localized impairment of cerebral arterial circu-
lation. Stroke morbidity and mortality rise with age, espe-
cially after the age of 50. The risk factors for stroke include
arterial hypertension, cardiac diseases (especially arrhyth-
mias), hypercholesterolemia, diabetes mellitus, etc.

Ischemic infarction or infarction due to decreased cere-
brovascular flow caused by thrombotic or embolic occlu-
sion of cerebral arteries underlie 85% of stroke cases,
whereas hemorrhagic infarction is found in the rest of 15%.
Ischemic infarction is visualized on CT as a hypodense
zone, which reflects a necrotic process and follows its own
course of development. The image density varies as the
necrotic process passes through various stages. These al-
terations can be followed by C'T and especially by MR.

"Tivo areas are differentiated in every focal ischemia of
the brain, i.e. central ischemic area and peripheral area of
so-called ischemic penumbra. The central area is an area
of total ischemia where complete interruption of the blood
supply has occurred, i.e. center of the lesion. The meta-
bolic and morphological alterations occurring in this area
are progressive and irreversible. In the peripheral area,
however, some circulation has yet been preserved but is
characterized by hypoperfusion. Either reparable or irrep-
arable lesions may develop in this area, depending on fur-
ther course of the process. In case of reparable lesions, the
clinical picture will improve and a regression pattern is seen
on CT or MR in the marginal region in the subacute stage
of the disease. In case of irreparable lesions, in contrast,
the process in the central and peripheral areas is unified
and they cannot be differentiated anymore.

Cerebral edema has a very important role in the evalu-
ation of ischemic lesion and its outcome. Cerebral edema
develops consequentially to ischemia, and also stimulates
further expansion of ischemic lesion due to its mechani-
cal action. Colliquative necrosis will demarcate the process,
so that the infarcted area becomes wedge shaped. Pro-
longed duration of colliquative necrosis leads to the occur-
rence of cysic/pseudocystic formations that are clearly vi-
sualized on CT and MR.

CT finding in the acute stage of stroke is characterized
by homogeneous, subtle hypodensity resembling mist. In
this stage, the lesion appears oval, unsharply delineated
from the surrounding intact tissue. In the peripheral is-
chemic area, CT shows slight hyperdense shadow that
corresponds to an attempt at forming collateral circulation
and blood-brain barrier failure.
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nim klini¢kim slu¢ajevima, u diferencijalnoj dijagnostici i
sl.

Mozdani udar je akutni ili subakutni nastanak simpto-
ma uzrokovanih lokaliziranim poremecajem arterijske cir-
kulacije mozga. Pobol i smrtnost rastu s porastom Zivotne
dobi, osobito iznad 50. godine. Rizi¢ni ¢imbenici za razvoj
mozdanog udara su arterijska hipertenzija, sr¢ane bolesti
(osobito aritmije), hiperkolesterolemija, Secerna bolest i sl.

U 85% slucajeva cerebrovaskularnog inzulta nalazi se
ishemijski infarkt ili onaj nastao smanjenjem mozdanog
protoka zbog tromboti¢ne ili embolijske okluzije mozdanih
arterija, a u 15% hemoragijski infarkt.

Ishemijski infarke prikazuje se na C'T kao zona sniZene
gustoce (hipodenzna zona) koja je odraz nekroti¢nog pro-
cesa koji pak ima svoj tijek razvoja. Kako nekroti¢ni proces
prolazi kroz razli¢ite faze, tako se mijenja i gustoca slike.
"Te se promjene mogu pratiti pomoéu CT; a osobito pomocu
MR.

Kod svake zarisne ishemije u mozgu razlikuju se dvije
zone: sredi$nja zona ishemije 1 periferna zona, tj. “zona
penumbre”. Sredis$nja zona je podrudje potpune ishemije
u kojem je doslo do potpunog prekida dotoka krvi, odnos-
no srediste lezije. Metaboli¢ne i morfoloske promjene koje
nastaju u ovoj zoni progresivno se razvijaju i ireverzibilne
su. U perifernoj zoni, medutim, jo$ uvijek postoji cirkulaci-
ja, ali hipoperfuzijske naravi. Ovisno o daljnjem razvoju
procesa u ovom podruéju mogu se razviti popravljive ili
nepopravljive promjene. U slucaju popravljivih promjena
dolazi do poboljsanja u klinic¢koj slici, a na nalazima CT i
MR vide se regresivne promjene u rubnom podrudju u
subakutnoj fazi. Kod nepopravljivih promjena, medutim,
dolazi do izjednacavanja procesa u srediSnjem i rubnom
podrucju koja se vise ne mogu razlikovati.

Vrlo vaznu ulogu u procjeni ishemijske lezije i njezinog
ishoda ima cerebralni edem. Cerebralni edem se razvija kao
posljedica ishemije, ali isto tako potice daljnje povecanje
ishemijske lezije zbog svog mehanickog djelovanja. Kolik-
vacijska nekroza tijekom procesa demarkira proces pa in-
farktom zahvaéeno podruéje poprima oblik klina. Dulje
trajanje kolikvacijske nekroze uzrokuje stvaranje cisticnih/
pseudocisti¢nih formacija jasno prikazanih na C'T 1 MR.

Nalaz CT u akutnoj fazi je obiljezen hipodenzitetom
homogenije, njeznije naravi, nalik na maglu. Oblik
promjene je u ovoj fazi ovalan, neostro ogranic¢en od okol-
nog zdravog tkiva. U perifernom podrucju ishemije CT
pokazuje blagu hiperdenznu sjenu koja odgovara pokusa-
ju stvarnja kolateralne cirkulacije i popustanju hematoence-
falne barijere.

CT nam omogucuje preciznu lokalizaciju ne samo
promjena na samom mozgu, nego 1 posredno otkrivanje
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CT allows for precise localization of not only brain le-
sions but indirectly also detection of the occluded vessel.
Detection of lesions depends on the size and age, local-
ization, shape and relation of the brain lesion to the sur-
rounding structures. The regions rather difficult for CT
analysis because of numerous artifacts from the adjacent
osseous structures are medulla oblongata, pons and hip-
pocampal structures. However, with the introduction of
spiral CT for diagnostic purpose, some problems such as
restless patients with difficult breathing, seriously ill pa-
tients, comatose patients, etc., have been eliminated.

Ischemic Infarction

Ischemic disease of the brain is a necrotic or necrotiz-
ing process that develops due to the loss or reduction of
blood flow through cerebral circulation, evolving through
a number of morphological stages, from initial edema and
tissue disintegration through demarcation, incapsulation
and possible cicatricial reparation. Ischemic infarcts are
largely involved by colliquative necrosis that ultimately
leads to encephalomalacia. The evolution of ischemic in-
farction can be followed on C'T; by measuring the density
of absorption coefficients of the affected region. A hy-
podense zone in the particular vessel irrigation area points
toa recent onset of ischemia (within few hours); its quan-
titative value varies during the course of the disease and
shows progressive decrease to form a cystic structure con-
taining CSF resembling fluid after three weeks.

The superacute stage (up to 24 h) is characterized by
hypodensity of the infarcted area due to water absorption
to the necrotic tissue and formation of a cytotoxic edema
of not only neurons but also of other infarcted cells. CT
shows an extensive hypodense area in the supply region
of the occluded artery as well as hemorrhages.

In the acute stage (24 h — day 7) a vasogenous edema
becomes apparent due to the blood-brain barrier failure
consequential to extravasal edema, especially in the white
matter. CT shows progressive density decrease and ever
clearer demarcation of the involved area. The mass effect
increases over the first 3 days and C'T shows a wedge
shaped, hypodense area involving both white and gray
matter.

In the subacute stage (day 8-21), especially in case of
embolic incidents, hemorrhage (transformation) to the
infarcted area may occur. The blood is shed to the periph-
eral parts of the involved area secondary to the abrupt onset
of blood vessel occlusion along with undeveloped collat-
eral flow, which results in rupture of small blood vessels
and hemorrhages due to high pressure and large amount

Acta Clin Croat, Vol. 43, Suppl. 1, 2004

okludirane krvne zile. Otkrivanje lezija ovisi o veli¢ini i
starosti lezije, lokalizaciji, obliku 1 odnosu promjene u
mozgu prema okolnim strukturama. Problemati¢na po-
drucja za analizu pomocu CT, gdje se pojavljuje Citav niz
artefakata zbog okolnih kos$tanih struktura, su medula
oblongata, pons i hipokampusne strukture. Medutim,
uvodenjem u dijagnostiku spiralnog CT uklonjeni su neki
od problema, kao $to su nemirni bolesnik s otezanim dis-
anjem, teski bolesnici, npr. oni u komi i sl.

Ishemijski infarkt

Ishemijska bolest mozga je nekroti¢ni ili nekrotizira-
judi proces nastao gubitkom ili smanjenjem protoka kroz
mozdanu cirkulaciju, koji prolazi kroz ¢itav niz morfolosk-
ih stadija razvoja: od pocetnog edema i dezintegracije tki-
va do demarkacije, inkapsulacije i moguéeg oziljkastog
popravljanja. Velik dio ishemijskih infarkata zauzima ko-
likvacijska nekroza koja kao krajnji rezultat ima encefalo-
malaciju. Evolucija ishemijskog infarkta moze se pratiti
pomocu C'T mjerenjem gustoce koeficijenata apsorpcije
oStec¢enog podrucja. Podrugje snizene gustoée (hipoden-
zitet) u irigacijskom podrucju odredene krvne zile ukazuje
na nedavni nastup ishemije (traje unatrag nekoliko sati).
Njegova se kvantitativna vrijednost mijenja tijekom bolesti,
tako da se progresivno snizuje te nakon tri tjedna dolazi do
stvaranja cisti¢ne strukture koja sadrzi tekucinu gustoce
likvora.

U superakutnoj fazi (do 24 h) dolazi do hipodenziteta
infarciranog podrucja zbog uvlacenja vode u nekroti¢no
tkivo i nastanka citotoksi¢nog edema ne samo neurona,
nego 1 ostalih infarciranih stanica. C'T pokazuje eksten-
zivno podrucje niske gustoce u opskrbnom podrucju zace-
pljene arterije, kao i zone krvarenja.

U akutnoj fazi (24 h do 7. dan) postaje ocit vazogeni
edem zbog kraha krvnomozdane barijere kao posljedica
ekstravazalnog edema, osobito u bijeloj tvari. CT pokazuje
progresivno smanjenje gustoée 1 sve jasniju demarkaciju
zahvacenog podrucja. U¢inak mase se povecava tijekom
prva 3 dana i CT pokazuje klinasto oblikovano podrucje
niske gustoce koje obuhvada i sivu i bijelu tvar.

U subakutnoj fazi (8.-21. dan), osobito kod embolijskih
incidenata, moZe se pojaviti krvarenje (transformacije) u
infarcirano podrucje. Zbog naglog nastupa okluzije krvne
zile 1 nerazvijenog kolateralnog krvotoka krv naglo navre u
periferne dijelove zahvaéenog podrucja, te zbog visokog
tlaka 1 velike koli¢ine dolazi do pucanja sitnih krvnih Zila
1 krvarenja. U slucajevima pomicanja tromba distalno od
mjesta gdje je nastupilo zacepljenje krvne Zile dolazi do
ekstravazacije kroz osteceni dio sada oslobodene krvne Zile
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of blood. In case of thrombus migration distally from the
site of blood vessel occlusion, extravasation through the
damaged segment of the now released blood vessel occurs,
again with hemorrhage to the infarcted area. These factors
are responsible for the variegated picture of ischemic inf-
arction at this stage of the disease, which may mimic tu-
morous process in some cases. C'T" image with a contrast
showing pathologic, ‘luxury’ perfusion of cortical areas of
the cerebral artery supply is used for further evaluation.

In this period, an expansive pattern may be observed
in the infarcted area due to the development of consider-
able edema, thus the course and prognosis of the disease
depend just on the intensity of this event as well as on the
possible transtentorial herniation.

In the chronic state (from day 21 on), partial sharp
demarcation or cicatrization of the process occur, and C'T'
density will change according to these alterations.

In most cases, native CT proves adequate to make the
diagnosis of stroke, especially in the acute and superacute
stage when complications may occur. However, in case of
uncertain diagnosis or unusual localization of lesions, a MR
scan should be obtained.

Contrast medium should not be used in the acute
stage; in the subacute stage, complete imbibition or gyral
imbibition may be observed (the finding is not pathogno-
monic and causes difficulties on differential diagnosis from
other vascular diseases).

Hemorrhagic Infarction

"The incidence of hemorrhagic infarctions in all strokes
ranges from 5% to 21%. Hemorrhagic infarction occurs due
to secondary hemorrhage into the ischemically altered
cerebral region, mostly due to embolism. The hemorrhage
occurs during ischemia or consequentially to infarction
within 24 h, however, hemorrhagic transformation is only
visible 24 h from the onset of hemorrhage.

Hemorrhagic infarction is easily differentiated from
cerebral hemorrhage of some other etiology by clinical pic-
ture and CT finding. In case of hemorrhagic infarction, the
clinical picture develops immediately in full intensity,
without signs of intracranial pressure elevation, as differ-
entiated from cerebral hemorrhage which shows signs of
intracranial pressure increase along with an abrupt devel-
opment of clinical picture. Hemorrhagic infarction is most
common in embolism and large infarcts.

The hemorrhagic infarction density on C'T' image is
determined by blood density and is between 40 and 80
HU. It is characterized by unsharply delineated margins
demarcated by a hypodense area corresponding to the
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1 ponovno do krvarenja u infarcirano podrucje. Navedeni
¢imbenici odgovorni su za to §to je slika ishemijskog infark-
ta u ovoj fazi bolesti Sarolika te u pojedinim slucajevima slici
tumorskom procesu. Za daljnju procjenu rabi se C'T prikaz
s kontrastom koji pokazuje patolosko nakupljanje (“/uxury
perfusion”) Kortikalnih zona podrucja opskrbe mozdane ar-
terije.

U ovom razdoblju zbog razvoja jakog edema moze doci
do ekspanzivnog ponasanja infarciranog podrucja, tako da
tijek 1 prognoza bolesti ovise upravo o intenzitetu ovog
dogadaja te o mogucoj transtentorijalnoj hernijaciji.

U kroni¢noj fazi (nakon 21. dana) dolazi do djelo-
mi¢nog ostrog demarkiranja ili oZiljavanja procesa, te ¢e
ovisno o promjeni biti i razli¢ita gustoca na CT.

U vedéini slu¢ajeva nativni CT je dovoljan za postavljanje
dijagnoze mozdanog udara, osobito u akutnoj i superakut-
noj fazi kada su moguce i komplikacije. Medutim, u sluca-
jevima nesigurne dijagnoze ili neuobicajene lokalizacije
promjena potrebno je uciniti pretragu na uredaju MR.

Kontrastno sredstvo se ne primjenuje u akutnoj fazi, a
u subakutnoj fazi oblik imbibicije moZe biti potpun ili pak
moze pokazati imbibiciju u obliku giralnog crteza (nalaz
nije patognomonican i stvara poteskoce u diferencijalnoj
dijagnozi u odnosu na druge krvnozilne bolesti).

Hemoragijski infarkt

Incidencija hemoragijskih infarkata unutar svih mozda-
nih udara je 5%-21%. Nastaje kao posljedica sekundarnog
krvarenja u ishemijski promijenjeno podrud¢je mozga koje
je naj¢esce nastalo embolijom. Krvarenje nastaje za vrijeme
ishemije ili kao posljedica infarkta unutar 24 h, medutim,
hemoragijska transformacija je vidljiva tek 24 h nakon nas-
tupa krvarenja.

Prema klinickoj slici 1 nalazu CT lako se razlikuje od
mozdanog krvarenja druge etiologije. Hemoragijski infarkt
razvija klini¢ku sliku odmah u punom intenzitetu bez zna-
kova povecanja intrakranijskog tlaka, za razliku od mozda-
nog krvarenja koje uz nagli razvoj klinicke slike pokazuje 1
znakove povisenja intrakranijskog tlaka. Hemoragjjski in-
farkt je najéeci kod embolije 1 velikih infarkata.

Gustoca hemoragijskog infarkta na CT slici je odrede-
na gustocom krvi 1 iznosi 40 do 80 HU; obiljezen je neo-
$trim rubom, omeden zonom sniZene gustoce koja odgo-
vara ishemijskom dijelu infarkta ili edemu. Daljnji izgled
infarkta ovisi o ponasanju krvnih komponenata u ishemi-
jom zahva¢enom podrudju. S vremenom se gustoca tako
mijenja da nakon nekoliko tjedana postaje izodenzna u
odnosu na okolne strukture.

U 25% slucajeva CT nalaz mozZe biti potpuno norma-
lan kod jasnih klinickih slu¢ajeva cerebrovaskularnog inzul-
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ischemic part of infarction or edema. Further infarct ap-
pearance depends on the behavior of blood components
in the ischemic area. Density changes with time and the
area becomes isodense with the adjacent structures with-
in a few weeks.

CT finding can be completely normal in 25% of clear
cases of stroke. In these cases, MR scanning should be
performed. Some 80% of acute infarctions can be detect-
ed by MR in the initial stage within 24 h. The earliest
change detectable on MR occurs at 2 h of the onset of
infarction, is characterized by the sign of intravascular MR
signal enhancement, and is caused by slow and decreased
intracranial blood flow through the vessel. Cortical edema
(hyperintensity, increased thickness and vague border
between the cortex and the white matter) is earliest de-
tectable at 3 h of the infarction onset, especially on spe-
cific images such as DWI sequence.

MR has multiple role in the diagnosis of stroke; the fast
spin echo image shows the extent of ischemic lesion,
whereas MRA shows extensive changes in the cerebrovas-
cular system. The diffusion weight image (DWI) based on
the change in the content of water in the intracellular and
extracellular area is used for early ischemia visualization.
As cytotoxic edema is one of the first characteristics of is-
chemia, these lesions can be very early detected by MR.
Thus, MR enables easy differentiation between previous
vascular lesions and recent changes. MR has an important
role in the detection of ischemic lesions immediately upon
the onset of stroke and leads to the cause of stroke.

MRA is used to visualize occluded vessels of the brain,
mostly internal carotid artery, antrior cerebral artery, mid-
dle cerebral artery, and vertebral artery.

Venous Infarction

Venous infarction (ischemic or hemorrhagic) occurs
due to thrombophlebitis or thrombosis of dural arterio-
venous fistulas, thus localization of the process depend-
ing on the cause (cortical structures or structures along the
intracranial sinuses). Morphologically, the infarct resem-
bles arterial infarct. MR is the method of choice.

Specific forms of infarction: borderline infarcts are
ischemic lesions at the border of irrigation systems of large
cerebral arteries. They account for 10% of cerebral infarcts,
and usually are ischemic, less frequently hemorrhagic or
mixed. They are well visualized by C'T and MR.

Lacunae are small cystic cavities that can be ascribed
to primary arterial diseases of deep penetrant branches of
large cerebral arteries. The predilection sites are lentiform
nucleus, thalamus, caudate nucleus, and internal capsule.
Lacunae are better visualized by MR.
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ta. U tim slucajevima potrebno je udiniti snimanje mag-
netskom rezonanacom (MR).

MR moze otkriti 80% akutnih infarkata u pocetnoj fazi
do 24 h. Najranija promjena vidljiva na MR je 2 h od nas-
tupa infarkta; obiljeZava ju znak intravaskularnog pojaca-
nja MR signala, a uzrokovana je sporim i smanjenim intra-
kranijskim protokom krvi kroz krvnu Zilu. Kortikalni edem
(hiperintenzitet, povecana debljina i nejasna granica kor-
teksa i bijele tvaari) vidljiv je najranije 3 h od nastupa in-
farkta, osobito na specificnim snimakama kao $to je sekven-
ca DWIL.

Vaznost MR u dijagnostici mozdanog udara je viSestru-
ka: tzv. fast spin echo prikaz pokazuje opseg ishemijske
promjene, a MRA pokazuje opseZzne promjene na
krvozilnom sustavu mozga. Za rani prikaz ishemije rabe se
tzv. diffusion weight prikaz (DWI) koji se temelji na promje-
ni sastava vode u unutarstani¢nom i izvanstani¢nom po-
drucju. S obzirom na to da je citotoksi¢ni edem jedan od
prvih znacajka ishemije, ove promjene se na MR mogu vrlo
rano otkriti. Ova znacajka MR omogucuje lako razlikova-
nje starih vaskularnih lezija od novih promjena. MR igra
vaznu ulogu u otkrivanju ishemijskih promjena neposred-
no nakon nastupa mozdanog udara te nas vodi k uzroku
mozdanog udara.

MRA se rabi za prikaz okludiranih krvnih Zila mozga,
najcesce a. carotis interna, a. cerebri anterior, a. cerebri me-
dia i a. vertebralis.

Venski infarkt (ishemijski ili hemoragi¢ni) nastaje zbog
tromboflebitisa ili tromboze duralnih arteriovenskih fistula,
pa ¢e lokalizacija procesa ovisiti o uzroku (kortikalne struk-
ture ili pak strukture uz intrakranijske sinuse). Morfolos-
ki izgled infarkta slican arterijskom. MR je metoda izbora.

Posebni oblici infarkta: grani¢ni infarkti su ishemijske
lezije na granici irigacijskih sustava ve¢ih mozdanih arte-
rija. Cine 10% mozdanih infarkra, a obi¢no su ishemijski,
rjede hemoragi¢ni ili mijesani. Dobro se vizualiziraju po-
mocu CT odnosno MR.

Lakune su male cisti¢ne Supljine koje se mogu pripi-
sati primarnim arterijskim bolestima dubokih penetrant-
nih ogranaka velikih cerebralnih arterija. Predilekcijska
podrudja su n. lentiformis, talamus, n.caudatus, capsula
interna. Bolje se vizualiziraju pomo¢u MR.

Multiinfarktne lezije istodobno se javljaju u oko 4%
slucajeva, dok se u oko 30% slucajeva nalaze visestruke
infarktne lezije razlicitih irigacijskih podrucja koje su ra-
zlicite starosti. Ovakove lezije se u oko 20% slucajeva nalaze
kod dementnih osoba s progresivnom klinickom slikom i
visokom smrtnoscu.

Razni klini¢ki entiteti mogu uzrokovati sliku cere-
brovaskularnog inzulta:
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Multiinfarct lesions occur simultaneously in some 4%
of cases, whereas multiple infarct lesions of various irriga-
tion systems and different age occur in in 30% of cases. In
20% of cases, these lesions are found in demented persons
with a progressive clinical picture and high mortality.

Various clinical entities may cause the picture of stroke,
e.g:

Hypertensive encephalopathy is a sequel of significant
elevation of blood pressure with fluid and protein escape
through blood vessel walls, which causes diffuse or local
edema. Hypertensive encephalopathy is a chronic compli-
cation of hypertension irrespective of etiology. It is com-
mon in renal insufficiency, hemolytic-uremic syndrome, in
the stage of toxemia in pregnancy, and in thrombotic
thrombocytopenic purpura.

"The pathohistologic changes occurring consequentially
to longterm blood pressure elevation include fibrinoid
necrosis, cerebral arterial thrombosis, microinfarcts and
petechial hemorrhages. These changes frequently proceed
unnoticed and are found accidentally on CT or MR. Ce-
rebral edema is found in the acute stage and resolves with
therapy, whereas in chronic stage lacunar infarcts of CSF
density are detected on CT or of CSF signal on MR.

Fibromuscular dysplasia is a rare anomaly with 90%
of cases recorded in women aged 40-60. It involves the high
segment of internal carotid artery (95%) and/or vertebral
artery (25%), with bilateral involvement in 60% of cases.
Fibromuscular dysplasia is frequently associated with in-
tracranial aneurysms (20%-50%), arteriovenous fistulas,
and renal fibromuscular dysplasia. It frequently assumes
asilent course clinically, however, occasionally it may cause
focal neurologic deficits with headaches.

Cerebral vasculitis is characterized by inflammation
and fibroid necrosis of the arterial media and intima, caus-
ing occlusions, infarcts and hemorrhages. The causes may
be infective (bacterial, viral, etc.) or noninfective (pol-
yarteritis nodosa, temporal arteritis, granulomatous angii-
tis, sarcoidosis, etc.).

Spontaneous cerebral hemorrhages occur consequen-
tially to hypertension, atherosclerosis, ruptured aneurysm,
A-V malformation, amyloid angiopathy; anticoagulant ther-
apy, tumor hemorrhage, etc. CT is valuable for appropri-
ate and early detection of blood components expressed in
HU units. The process density decreases with the dura-
tion of hemorrhage from 60 HU down. Men aged 60-80
with a history of hypertension are most commonly affect-
ed. The most common localizations are basal ganglia (60%-
70%), thalamus (10%-20%), pons (5%), dentate nucleus
(1%-5%) and hemispheres (1%-2%).
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Hipertenzivna encefalopatija je posljedica znacajnog
povisenja krvnog tlaka s bijegom tekucine i proteina kroz
stijenke krvnih Zila, Sto uzrokuje difuzni ili lokalni edem.
Hipertenzivna encefalopatija predstavlja kroni¢nu kom-
plikaciju hipertenzije bez obzira na etiologjju. Cestose jav-
lja kod bubrezne insuficijnecije, hemoliti¢no-uremicnog
sindroma, u fazi toksemije u trudno¢i, kod tromboti¢ne
trombocitopeni¢ne purpure.

Patohistoloske promjene koje nastaju kao posljedica
dugotrajno povisenog krvnog tlaka su fibrinoidna nekroza,
tromboza mozdanih arterija, mikroinfarkti i petehijska
krvarenja. Cesto ove promjene produ klini¢ki nezapazene
pa se nalaze kao slucajan nalaz na C'T'1t MR. U akutnoj fazi
nalazi se mozdani edem koji se povlaci uz terapiju, a u kro-
ni¢noj fazi lakunarni infarkti gustoce likvora na C'T; odnos-
no na MR signala likvora.

Fibromuskularna displazija je rijetka anomalija koja
u 90% slucajeva zahvaca Zene od 40-60 godina starosti.
Zahvaca visoko podrucje unutarnje karotidne arterije (95%)
i/ili vertebralne arterije (25%). U 60% slucajeva je bilate-
ralna. Cesto je udruzena s intrakranijskim aneurizmama
(20%-50%), arterijskovenskim fistulama i bubreznom fi-
bromuskularnom displazijom. Cesto je klini¢ki mukla, no
ponekad izaziva zariSne neuroloske deficite s glavobolja-
ma.

Cerebralni vaskulitis je obiljeZen upalom i fibroid-
nom nekrozom medije i intime arterija uzrokujuci okluzije,
infarkte ili krvarenja. Uzro¢nici mogu biti infektivni (bak-
terijski, virusni 1 dr.) ili neinfektivni (poliarteritis nodosa,
temporalni arteritis, granulomatozni angiitis, sarkoidoze 1
dr.).

Spontana mogdana krvarenja posljedica su hiper-
tonije, ateroskleroze, rupture aneurizme ili A-V malfor-
macije, posljedica amiloidne angiopatije, antikoagulantne
terapije, krvarenja u tumoru i sl. Vrijednost CT je u dobrom
i ranom otkrivanju krvnih elemenata pomo¢u HU. S
duzinom trajanja krvarenja opada gustoca procesa od 60
HU nanize. Naj¢esce obolijevaju muskarci od 60-80 godi-
na starosti s anamnezom hipertenzije. Najéesca lokaliza-
cija su bazalni gangliji (60%-70%), talamus (10%-20%),
pons (5%), n. dentatus (1%-5%) te hemisfere (1%-2%).

MR omogucduje razlikovanje razlicitih faza intracere-
bralnih krvarenja te se na taj naCin moze prili¢no to¢no
odrediti starost krvarenja. Promjenom MR signala razlikuje
se faza oksihemoglobina (unutar 12 sati), deoksihemoglo-
bina (1-7 dana), unutarstani¢nog methemoglobina (3-7
dana), izvanstani¢nog methemoglobina (poslije 5 dana).
Hemosiderin koji nastaje nakon nekoliko tjedana posjeduje
paramagnetska svojstva s razlicitim signalima u razli¢itim
tehnikama snimanja.
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MR allows for different stage of intracerebral hemor-
rhage to visualize, thus being able to quite precisely de-
termine the age of hemorrhage. By changing MR signal,
the stages of oxyhemoglobin (within 12 h), deoxyhemo-
globin (day 1-7), intracellular methemoglobin (day 3-7)
and extracellular methemoglobin (day 5 on) can be distin-
guished. Hemosiderin, formed after a few weeks, possesses
paramagnetic properties with different signals on differ-
ent imaging techniques.
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THE ROLE OF ACUTE STROKE UNIT
ULOGA JEDINICE ZA LIJECENJE MOZDANOG UDARA

Vesna Vargek-Solter

University Department of Neurology, Sestre milosrdnice University Hospital, Zagreb, Croatia

Klinika za neurologiju, Klini¢ka bolnica “Sestre milosrdnice”, Zagreb

Treatment of patients with ischemic stroke at a stroke
unit significantly reduces mortality, disability and need of
institutional care compared with treatment at general
medical wards.

Stroke unit is a hospital unit that exclusively takes care
of stroke patients. Stroke units are characterized by spe-
cifically trained staff and a multidisciplinary approach to
treatment and care. The multidisciplinary core team at
stroke unit consists of a neurologist, an internist, nurses
and physiotherapists, whereas the extended multidisci-
plinary team includes speech therapists, occupational ther-
apists and social workers.

There are different types of stroke units: intenisive care
units, acute stroke unit, combined acute and rehabilitation
stroke unit, and mobile stroke team.

Intensive care units: dedicated stroke units with facilities
like ventilators and intensive and nonintensive monitor-
ing. The units are focused on very acute care for a select-
ed group of acute stroke patients and have little focus on
rehabilitation.
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Lijecenje bolesnika s ishemijskim mozdanim udarom
u jedinicama za lijeCenje mozdanog udara (JLMU) doka-
zano znacajno snizava smrtnost, invaliditet i potrebu za
trajnim smjestajem u usporedbi s lijeCenjem bolesnika na
op¢im odjelima. Jedinica za lije¢enje mozdanog udara je
bolnicki odjel koji se isklju¢ivo skrbi o bolesnicima s
mozdanim udarom, a obiljeZena je primjereno obrazovanim
i multidisciplinskim timom. Multidisciplinski uzi tim ¢ine
neurolog obrazovan za lije¢enje bolesnika s mozdanim
udarom, internist, primjereno obrazovane medicinske
sestre 1 fizioterapeut, a u Sirem timu su jos logoped, radni
terapeut i socijalni radnik.

Organizacijski su mogudi razni modeli JLMU: inten-
zivna skrb, jedinica za akutno lijecenje moZzdanog udara,
kombinirane akutno-rehabilitacijske jedinice, te mobilni
timovi.

Intenzivna skrb: specijalni odjel s opremom (respirator,
intenzivno 1 neinvazivno monitoriranje) za hitno zbrinja-
vanje bolesnika s teskom klinickom slikom mozdanog
udara (komatozni bolesnici, bulbarna paraliza). Slaba ili
nikakva rehabilitacija.
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Acute stroke units: stroke units that provide acute care for
patients but discharge them early (usually within 7 days)
and have no or at best a modest focus on rehabilitation. The
units do not have intensive care facilities but usually facil-
ities for noninvasive monitoring of vital signs.

Combined acute-rehabilitation stroke units: dedicated stroke
units which accept stroke patients for acute treatment
combined with early mobilization and rehabilitation for a
period of at least 1-2 weeks.

Mobile stroke team: established for hospitals where stroke
units are not available. This is a team consisting of differ-
net professionals who treat stroke patients throughout the
hospital wherever the patients may be.

The combined acute-rehabilitation stroke units have
shown best results. In 23 trials with 4911 patients a sig-
nificant (18%) mortality reduction, 23% reduction in de-
pendence on other people’s help and 25% reduction in the
need of institutional care were recorded in comparison with
patients treated at general wards.

The main indications for admission to acute stroke unit
are:

— acute stroke with symptoms manifesting for less than
24 hours

— unstable or progressive neurologic deficit

— need of specific therapy (thrombolysis)

— need of early rehabilitation

"The favorable results recorded at stroke unit probably
are due to the fact that the needs of acute stroke patients
can be met across different phases of the disease. A well
organized stroke unit should meet all stroke patient needs
during the emergency, acute and subacute phases of the
disease.

During the emergency phase within the first 6-12 h of
stroke onset, focus should be on the diagnosis and reduc-
tion of brain injury. In the acute phase from 12 to 72 h, focus
should be on complication prevention, early mobilization,
and start of rehabilitation. In the subacute phase from day
3 to day 14, the care is focused on rehabilitation combined
with prevention of complications as well as prevention of
new strokes and other vascular events.

The processes of Care in Stroke Units (evidence
based)

Acute care and monitoring

Medical assessment

Medical history and examination
* biochemistry
* hemathology
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JLMU: Odjeli koji primaju akutne bolesnike, ali ih i rano
otpustaju (unutar 7 dana); bez respiratora i invazivhog mo-
nitoriranja, opremljeni uredajima za stalno kardijalno mo-
nitoriranje. Mali naglasak na rehabilitaciji.

Kombinirane akutno-rehabilitacijske jedinice: Specijalni odjel
koji prihvaca bolesnike za akutno lijecenje. Rano se zapo-
¢inje s mobilizacijom i rehabilitacijom, boravak 1-2 tjedna.

Mobilni timovi: Multidisciplinski timovi organizirani su
za bolesnika s mozdanim udarom za ustanove u kojima nije
moguce organizirati JLMU.

Najbolje rezultate pokazale su kombinirane akutno-re-
habilitacijske jedinice. Ukupno je bilo ispitano 4911 bole-
snika u 23 randomizirane studije. Rezultati studija poka-
zali su smanjenje smrtnosti prema opéim odjelima za 18%,
potrebe za tudom pomoci za 29%, potrebe za trajnim smje-
Stajem za 25%, dok je duzina lijecenja skraéena za 30%.

Indikacije za lijecenje u JLMU su slijedece:

akutni mozdani udar sa simptomima ne duzim od 24 h
nestabilni ili progresivni neuroloski deficit

potreba za specificnim lijeCenjem (tromboliza)
potreba za ranom rehabilitacijom

Dobri rezultati lije¢enja bolesnika u JLMU vjerojatno
su u tome $to ispunjavaju sve potrebe bolesnika s
mozdanim udarom u raznim fazama lijeCenja.

Dobro organizirana JLLMU mora zadovoljiti sve potrebe
bolesnika za vrijeme hitne, akutne 1 subakutne faze. Za
vrijeme hitne faze (izmedu 6 1 12 sati od nastanka mozda-
nog udara) teziSte je na dijagnozi i smanjenju mozdanog
ostecenja. U akutnoj fazi od 12 do 72 sata od pocetka bolesti
prioritet je sprjeCavanje komplikacija, rana mobilizacija i
pocetak rehabilitacije. U subakutnoj fazi od 3. do 14. dana
bolesti provodi se rehabilitacija i prevencija komplikacija,
kao 1 prevencija recidiva cerebrovaskularnog inzulta i drugih
vaskularnih zbivanja.

Zbrinjavanje bolesnika u JLMU (zasnovano na
dokazima)

Akutno sbrinjavanje i monitoriranje
Medicinsko zbrinjavanje

Anamneza i klini¢ki pregled
* biokemijski testovi

* hematoloski testovi

* EKG

e CT

Selektivne pretrage

e UZV karotida
e UZV srca
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* ECG
e (T scanning

Selective examinations

e carotid doppler US
* echocardiography

Nursing assessment

e vital signs

* care needs

e swallowing testing

¢ fluid balance

* pressure area risks

* monitoring of neurologic deficit
¢ therapy assesssment

¢ deterioration

e disablity

Early Managment

Medical assessment

e careful management of fluid/food (often i. v. saline so-
lutions over first 12-24 h)

* antibiotics for suspected infection

* paracetamol for pyrexia

e oxygen (if hypoxia, drowsiness, cardiorespiratory dis-
ease)

* insulin (if hyperglycemia)

* blood pressure control in selected patients

* ongoing rehabilitation

Nursing assessment

¢ carly mobilization

e careful positioning and handling
* pressure area care

e avoid urinary catheters

Ongoing rehabilitation

e carly goal setting

e carly involvement in rehabilitation

* provision of information

¢ close linking of nursing and rehabilitation

¢ discharge plans — cooperation with primary health care
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Pracenje i njega

e vitalni znakovi

* njega

* test gutanja

* unos i iznos tekudine

e prevencija dekubitusa

* praenje neuroloskog deficita
* procjena lije¢enja

* pogorsanje

* neuroloski deficit

Rano zbrinjavanje
Medicinsko zbrinjavanje

e pazljivo praéenje unosa tekuéine/hrane (Cesto i.v. otopi-
na soli u prvih 12-24 sata)

¢ antibiotici (infekcija)

e paracetamol kod povisene tjelesne temperature

¢ kisik (hipoksija, omaglice, kardiorespiracijska bolest)

* inzulin (hiperglikemija)

e pracenje krvnog tlaka

¢ rehabilitacija

* rana mobilizacija

* pazljivo namjestanje bolesnika

e (Cesta promjena poloZaja

¢ prevencija dekubitusa

* izbjegavati urinarni kateter

Rehabilitacija

* rano postavljanje ciljeva

* rano ukljucivanje u proces rehabilitacije

¢ ucinkovita razmjena informacija

* povezanost njege i rehabilitacije

* planiranje otpusta — suradnja s primarnom zdravstve-
nom zastitom
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TREATMENT OF ELEVATED BLOOD PRESSURE IN ACUTE STROKE
LIJECEN]JE POVISENOG KRVNOG TLAKA U AKUTNOM MOZDANOM UDARU

"Tomislav Breitenfeld

University Department of Neurology, Sestre milosrdnice University Hospital, Zagreb, Croatia

Klinika za neurologiju, Klini¢ka bolnica “Sestre milosrdnice”, Zagreb

Elevated blood pressure takes the unenviable leading
position at all lists of risk factors for either ischemic or
hemorrhagic stroke. It was just the successful treatment
of arterial hypertension that probably contributed most to
reduction in the incidence of stroke.

Definition of Hypertension (WHO)

Optimal blood pressure systolic <120 mm Hg,
diastolic <80 mm Hg
systolic <130 mm Hg,
diastolic <85 mm Hg
systolic <140 mm Hg,

diastolic <90 mm Hg

Normal blood pressure

Elevated blood pressure
— hypertension

Treatment of Hypertension (WHO)
Lifestyle modifications

e diuretics, beta blockers, ACE inhibitors, calcium chan-
nel blockers, angiotensin receptor blockers, vasodila-
tators

Currently, antihypertensive therapy implies specific
and individualized therapy adjusted to each individual
patient, taking into account age and presence of other risk
factors (lipids, diabetes mellitus, atrial fibrillation, left
ventricular hypertrophy) as well as previous vascular dis-
eases (stroke, myocardial infarction) and other comorbid-
ities (renal artery stenosis, asthma).

How to Treat Hypertension?

Nonpharmacologic Management — Lifestyle Modifications

* quit smoking

e weight loss

* reduced alcohol intake

* reduced salt intake

* increase in physical activity

* other dietary measures (greater intake of fish and veg-
etables, reduced intake of saturated fat)
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Na svim listama ¢imbenika rizika za nastanak ishe-
mijskog 1 hemoragijskog mozdanog udara (MU) povisen
tlak uvijek zauzima nezahvalno prvo mjesto. Upravo je us-
pjesno lijecenje arterijske hipertenzije bilo vjerojatno jedan
od vodecih razloga za smanjenu incidenciju MU.

Definicija poviSenog krvnog tlaka (SZO)

Optimalni tlak sistolicki <120 mm Hg,
dijastoli¢ki <80 mm Hg
sistolicki <130 mm Hg,
dijastolicki <85 mm Hg
Povisen tlak — hipertenzija sistoli¢ki >140 mm Hg,

dijastolicki >90 mm Hg

Normalni tlak

Lije¢enje povisenog krvnog tlaka (SZO)
Mijenjanje givotnih navika
* smanjenje tjelesne tezine, prestanak pusenja, tjelo-

vjezba, smanjen unos soli, odrzavanje odgovarajuceg
unosa kalija, kalcija 1 magnezija

Farmakolosko lijecenje

e diuretici, beta blokatori, inhibitori ACE, blokatori kal-
cijevih kanala, antagonisti angiotenzinskih receptora,
vazodilatatori
Suvremeno poimanje antihipertenzivne terapije odnosi

se na specificnu 1 individualnu terapiju prilagodenu svakom

bolesniku, uzimajuci pritom u obzir dob i prisutnost drugih
¢imbenika rizika (lipidi, Secerna bolest, atrijska fibrilacija,
hipertrofija lijeve klijetke), ali 1 ranijih vaskularnih bolesti

(MU, sr¢ant infarkt) te napokon i drugih komorbidnih ¢im-

benika (stenoza bubrezne arterije, astma).

Kako lijeciti povisen krvni tlak?

Nefarmakolosko lije¢enje — promjena Zivotnih navika
* prestanak pusenja
* smanjenje tjelesne tezine
* smanjenje unosa alkohola
* smanjenje unosa soli
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Pharmacologic Therapy

¢ all 6 classes of antihypertensive agents are efficient in
blood pressure lowering and can be used as first choice
medication

* dual combinations of antihypertensives from different
classes have been recommended and found wide ap-
plication in clinical practice

* AB/CD protocol

Blood Pressure Lowering Drugs

1) Alfa-adrenergic receptor blockers — a-blockers

There are no randomized data for drugs like prazosin
and doxazosin, labetalol was investigated in a small study,
and only doxazosin ("Tonocardin) is commercially available
in Croatia.

2)  Angiotensin convertase enzyme inhibitors — ACE infubitors

A'small randomized trial has shown perindopril to lower
elevated blood pressure by 11% without affecting general
cerebral flow or MBFV in the middle cerebral artery. This
group of antihypertensives is now one of the most com-
monly prescribed drug classes because of their relatively
good effects and low rate of adverse events. The Croatian
Institute of Health Insurance (CIHI) list of drugs includes
enalapril (Enazil, Enap, Olivin), lisinopril (Irumed), per-
indopril (Prexanil), ramipril ('Tritace), cilazapril (Cilazil),
fosinopril (Monopril) and trandolapril (Gopten).

3) Angiotensin receptor antagonists — AT1 antagonists

ACCESS, a randomized study (unpublished, discon-
tinued), showed candesartan to influence stroke outcome
in terms of lower mortality and disability. The CIHI list
includes losartan (Cozaar), valsartan (Diovan) and telm-
isartan (Pritor).

4) Beta-adrenergic receptor blockers — b-blockers

There is only one study demonstrating a tendency of
the disease and outcome deterioration in patients admin-
istered atenolol or propranolol. Earlier, these drugs were
considered a gold standard in the management of hyper-
tension. In Croatia, oxprenolol ('Trasicor), propranolol (Pro-
pranolol), atenolol (Ormidol, Atenolol, Tenormin), biso-
prolol (Concor) and carvedilol (Carvetrend, Carvelol) are
commercially available.

5) Calcium antagonists

Calcium antagonists are definitely the most common-
ly prescribed group of antihypertensives. Studies have
shown calcium antagonists administered in the initial stage
of stroke or later during stroke management failed to pro-
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* povecana tjelesna aktivnost
¢ ostale prehrambene mjere (vise ribe i povréa, manje
zasi¢enih masnoca)

Farmakolosko lijecenje

¢ svih 6 skupina antihipertenziva u¢inkovito sniZavaju
krvni tlak 1 mogu biti prvi lijek izbora

e preporucene su i u klini¢koj praksi “uhodane” mnoge
dvojne kombinacije antihipertenziva iz razli¢itih skupi-
na

¢ protokol AB/CD

Lijekovi za sniZavanje krvnog tlaka

1) Blokatori alfa adrenergicnih receptora (alfa blokatori)

Nema randomiziranih podataka za lijekove poput pra-
zosina i doksazosina, labetalol je istrazen u maloj studiji, a
u Hrvatskoj na trzistu je samo doksazosin (Tonocardin).

2) Inhibitori enzima angiotenzin konvertaze (inhibitori

ACE)

Malo randomizirano istrazivanje pokazalo je da perin-
dopril snizava povisen krvni tlak za 11%, ali bez mijenjanja
globalnog cerebralnog protoka ili SBSK u srednjoj mozdanoj
arteriji. Ova skupina antihipertenziva danas spada medu
one koje se najvise primjenjuju zbog razmjerno dobrog
ucinka 1 niskog postotka nezeljenog djelovanja. Na listi
lijekova HZZO-a nalaze se enalapril (Enazil, Enap, Oli-
vin), lizinopril (Irumed), perindopril (Prexanil), ramipril
('Tritace), cilazapril (Cilazil), fosinopril (Monopril), tran-
dolapril (Gopten).

3) Blokatori angiotenzinskih receptora (AT1 antagonisti)

Jedno randomizirano istrazivanje (neobjavljeno, preki-
nuto) pokazalo je utjecaj kandesartana na ishod mozdanog
udara u smislu manje smrtnosti i invaliditeta (studija
ACCESS).

Na listi lijekova HZZO-a nalaze se losartan (Cozaar),
valsartan (Diovan), telmisartan (Pritor).

4) Blokatori beta adrenergicnih receptora (beta bloka-
tori)

Postoji tek jedno istrazivanje koje je pokazalo trend
pogorsanju stanja i ishoda bolesnika koji uzimaju atenolol
ili propranolol. Ranije su predstavljali zlatni standard u
lijeCenju hipertenzije. Na nasem trzistu nalaze se okspre-
nolol (Trasicor), propranolol (Propranolol), atenolol (Or-
midol, Atenolol, Tenormin), bisoprolol (Concor), karvedilol
(Carvetrend, Carvelol).
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duce any change in the patient functional outcome. The
CIHI list includes amlodipine (Norvasc, Amlopin, Amon-
ex), nifedipine (Nifedipin, Cordipin), lacidipine (Lacip-
il), verapamil (Isoptin) and diltiazem (Diltiazem, Al-
dizem).
6) Diuretics

These are inexpensive and efficacious antihyperten-
sives, however, as yet without appropriate randomized clin-
ical trials of their efficacy in terms of stroke outcome. In
Croatia, furosemide (Fursemid, Edemid), spironolactone
(Aldactone, Priul), chlorthalidone (Hygroton), indapam-
ide (Tertensif, Amoron), triamteren with hydrochlorothi-
azide (Tiaren) and amyloride with hydrochlorothiazide
(Moduretic) are available.

7) Vasodilatators — nitrates

These agents are rarely used for the treatment of ele-
vated blood pressure in stroke. In Croatia, glyceryl trini-
trate (Angised, Nitrolingual, Trinitrosan, Nitronal), isos-
orbide dinitrate ('Tinidil) and isosorbide mononitrate (Ol-
icard, manufactured by ISMN Genericon or Jadran) are
commercially available. Tio small randomized trials have
shown the transdermally applied glyceryl trinitrate to de-
crease blood pressure by 6%-8% without affecting BFV.

AB/CD Rule
(Dickerson ¢z al., University of Cambridge, UK; Lancet
1999)

A — ACE inhibitors,
C — Ca antagonists,

B — Beta blockers,
D - Diuretics

1) monotherapy: age £55Aor B
age £55 Cor D
2) dual combination: A+ BorC+ D

3) triple combination: A+ C+ DorB+ C+ D
add alfa blocker to A + Bor C +
D combination
4) consider specialist consultation for arterial hyperten-
sion
Shortcoming: angiotensin receptor blockers (AT'1 an-
tagonists) are ignored.

Treatment of Hypertension in Acute Stroke

"The majority of patients have elevated blood pressure
during the first few hours of stroke onset. Blood pressure
may be elevated for a number of reasons such as:

* pre-existing arterial hypertension
* neuroendocrine system activation
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5) Antagonisti kalcija

Medu antihipertenzivnim lijekovima zasigurno skupi-
na koja se najéesce propisuje. Provedena istrazivanja poka-
zala su pak kako antagonisti kalcija primjenjivani odmah
na pocetku MU ili kasnije tijekom lijeCenja nisu promije-
nili funkcionalni ishod kod bolesnika. Na listi HZZO-a
nalaze se amlodipin (Norvasc, Amlopin, Amonex), nife-
dipin (Nifedipin, Cordipin), lacidipin (Lacipil), verapamil
(Isoptin) i diltiazem (Diltiazem, Aldizem).
6) Diuretici

Ovo su jeftini 1 uc¢inkoviti antihipertenzivi zasad bez
odgovaraju¢ih randomiziranih klinic¢kih ispitivanja Sto se
ti¢e ucinkovitosti za ishod lije¢enja MU. Na nasem trzistu
nalaze se furosemid (Fursemid, Edemid), spironolakton
(Aldactone, Priul), klortalidon (Hygroton), indapamid
(Tertensif, Amoron), triamteren sa hidroklortiazidom
('Tiaren), amilorid s hidroklortiazidom (Moduretic).

7) Vazodilatatori - nitrati

Owi lijekovi se rijetko rabe u lije¢enju povisenog krvnog
tlaka u MU. Na trzistu u Hrvatskoj nalazimo gliceril tri-
nitrat (Angised, Nitrolingual, Trinitrosan, Nitronal), zatim
izosorbid dinitrat ('Tinidil) te izosorbid mononitrat (Oli-
card, ISMN Genericon ili Jadran). Dva mala randomdi-
zirana ispitivanja pokazala su kako transdermalno aplici-ran
gliceril trinitrat smanjuje krvni tlak za 6%-8% bez mije-
njanja BSK.

Pravilo AB/CD (Dickerson ¢z a/., University of Cam-

bridge, UK, Lancet 1999.)

Primjena antihipertenzivne terapije 1 kombinacije antihi-

pertenziva u 4 stupnja:
A - ACE inhibitori,
C — Ca antagonisti,

B — Beta blokatori,
D - Diuretici

1) monoterapija: mladi od 55 godina A ili B
stariji od 55 godina C ili D
2) dvostruka kombinacija: A+ BiliC + D

A+C+DiiB+C+D
dodati alfa blokator kombina-
cijiA+BiliC+ D
4) razmisliti o konzultiranju specijalista za arterijsku hi-
pertenziju
Nedostatak: ignoriranje blokatora angiotenzisnskih re-
ceptora, AT'1 antagonista.

3) trostruka kombinacija:

Lijecenje povisenog krvnog tlaka u mozdanom
udaru

Najveci broj bolesnika imaju povisen krvi tlak tijekom
prvih sati nakon mozdanog udara. Tlak moze biti povisen
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* pain

* nausea, vomiting

¢ clevated intracranial pressure (Cushing’s reflex)
¢ restlessness and disorientation

* anxiety

e stress due to stroke

e full bladder

* physiologic response to hypoxia

Also, elevated blood pressure may act as a compensa-
tory mechanism to maintain adequate cerebral perfusion.

In ischemic stroke, cerebral autoregulation is impaired.
In this case, the brain needs elevated blood pressure, and
abrupt blood pressure reduction may result in deteriora-
tion of the neurologic deficit. Elevated blood pressure is
present in more than 75%-80% of stroke patients (Inter-
national Stroke Trial — IST, Lancet 1997).

Blood pressure is generally higher in patients with pri-
mary cerebral hemorrhage in comparison with ischemic
stroke patients.

Blood pressure will usually spontaneously resume pre-
stroke values in about a week, however, it may remain el-
evated in one third of stroke patients.

The value of blood pressure at the onset of stroke may
be directly connected to stroke outcome. Greatly elevat-
ed or decreased blood pressure increases the risk of death
and disability, as demonstrated in a number of small stud-
ies as well as in meta-analyses. Small studies point to the
fact that Ca blockers, ACE inhibitors and nitrates but not
thiazide diuretics cause acute blood pressure decrease.

On the other hand, subsequent longterm antihyperten-
sive therapy as a secondary prevention of stroke should be
taken in consideration in all patients with hypertension.

Scientific research and clinical trials on stroke treat-
ment are now primarily focused on reperfusion and neu-
roprotection, while neglecting the need of homeostasis
regulation, which firstly refers to the management of hy-
pertension, hyperglycemia, hyperpyrexia and cerebral ede-
ma. Each of these factors is associated with aggravated
outcome of stroke.

Large studies to investigate the rationale for blood
pressure lowering in the acute stage of stroke are expect-
ed to be launched or are just under way.

Main dilemma: to treat or not to treat hypertension
in acute stroke?

The physicians managing acute stroke patients are
daily faced with this serious dilemma.

Unfortunately, definite evidence to help them decide
are greatly lacking,
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zbog mnogo razloga, na primjer:

* od ranije postojeca arterijska hipertenzija
¢ aktiviranje neuroendokrinog sustava

*  bol

* mucnina, povraanje

* povecan intrakranijski tlak (Cushingov refleks)
* nemir i dezorijentacija

* tjeskoba

¢ stres od mozdanog udara

* pun mokraéni mjehur

* fizioloski odgovor na hipoksiju

Isto tako povisen krvni tlak moZze biti kompenzacijski
mehanizam za odrzavanje odgovaraju¢e mozdane perfu-
zije.

Prilikom ishemijskog mozdanog udara dolazi do pore-
mecaja mozdane autoregulacije. U tim slucajevima mozgu
je potreban povisen krvni tlak i naglo snizavanje tlaka moze
rezultirati pogorsanjem neuroloskog deficita. Povisen krv-
ni tlak prisutan je kod vise od 75%-80% bolesnika s MU
(International Stroke Trial — IST, Lancet 1997.).

Krvni tlak pretezno je visi kod bolesnika s primarnim
mozdanim krvarenjem u usporedbi s ishemijskim MU.

Obicno se tlak spontano regulira nakon prvog tjedna,
iako kod trecine bolesnika i dalje ostaje povisen.

Vrijednost krvnog tlaka pri nastupu mozdanog udara
moze biti izravno povezana s njegovim ishodom. Izrazito
povisen ili pak nizak krvni tlak povecava rizik od smrti i
invalidnosti, $to je pokazano u mnogim manjim studijama
ali 1 u meta-analizama.

Manje studije ukazuju na Cinjenicu da blokatori Ca,
inhibitori ACE i nitrati akutno sniZavaju krvni tlak, ali ne
1 tijazidski diuretici.

S druge strane, za sve bolesnike s povisenim tlakom
treba uzeti u obzir potrebu za kasnijom dugotrajnom anti-
hipertenzivnom terapijom u smislu sekundarne prevencije
MU.

Znanstvena istrazivanja i klinicki pokusi u lije¢enju
mozdanog udara danas su prvenstveno usredotoceni na
reperfuziju i neurozastitu, a zanemaruje se potreba regu-
lacije homeostaze, $to se prvenstveno odnosi na lije¢enje
povisenog krvnog tlaka, hiperglikemije, hiperpireksije,
mozdanog edema. Svaki taj cimbenik povezan je s pogor-
$anjem ishoda MU.

Ocekuju se ili su u tijeku velike studije koje istrazuju
ima li smisla snizavati krvni tlak u akutnoj fazi MU.

Glavna dvojba: treba li lijeciti poviSen krvni tlak u
akutnom MU ili ne?

Lijecnici koji lijece bolesnike u akutnoj fazi MU sva-
kodnevno su suoceni s tom ozbiljnom dvojbom. Nazalost,
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In the absence of evidence to rely on, it is no surprise
that there are quite controversial opinions on how to man-
age blood pressure in acute stroke.

Most common questions:

* introduction of antihypertensive therapy

* continuation or discontinuation of antihypertensive
therapy the patient was taking prior to stroke

* blood pressure increase

"Those advocating blood pressure reduction are prima-
rily influenced by the evidence indicating that blood pres-
sure lowering is the most efficient strategy in both prima-
ry prevention and in secondary prevention in patients with
cerebrovascular disease.

On the other hand, those giving preference to discon-
tinuation of antihypertensive therapy and recommending
blood pressure increase explain it by the need to maintain
cerebral perfusion thus to reduce cerebral ischemia.

A useful contribution to this debate is found in the
report on ACCESS (Acute Candesartan Citexetil Thera-
py in Stroke Survivors, Stroke 2003), a randomized, dou-
ble blind, placebo controlled study designed so as to in-
vestigate the safety of moderate blood pressure lowering
by the administration of candesartan to patients with hy-
pertension (BP >180-200/105-110 mm Hg) over the first
36 hours of acute ischemic stroke. The primary ACCESS
end-points (death and disability at 3 months) showed no
difference between the two patient groups, whereas sec-
ondary end-points (death, recurrent stroke, cardiac com-
plications, and disability at 12 months) showed a signifi-
cant, 48% reduction (odds ratio = 0.48) in the group of
patients administered candesartan. These results con-
firmed the drug efficacy in stroke, as previously also dem-
onstrated in myocardial ischemia, although the mechanism
of action has not yet been elucidated. The study was dis-
continued at that point.

There have been a number of small studies of blood
pressure lowering in acute stroke using all groups of hyper-
tensives. Some studies have shown a favorable effect in
ischemic stroke and cerebral hemorrhage, whereas others
point to unfavorable outcomes. Yet, these mostly were not
large, properly designed and randomized studies, thus the
data could not be considered relevant and reliable enough
to contribute to the assessment of the need of blood pres-
sure management in stroke.

Besides large clinical trials, additional pathophysiolo-
gy studies are also needed to investigate the effect of blood
pressure modification on cerebral circulation and hemo-
stasis in various types of stroke by use of, e.g., PET
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postoji izrazit manjak primjerenih dokaza koji bi utjecali
na njihove odluke.

U odsutnosti dokaza na koje se stru¢njak moze zasi-
gurno osloniti ne iznenaduje to Sto postoje potpuno razlici-
ta misljenja o tome kako postupati s krvnim tlakom u akut-
nom MU.

Najceséa pitanja:
* uvodenje antihipertenzivne terapije
* nastavak ili prekid antihipertenzivne terapije koju je

bolesnik uzimao prije MU
* pitanje podizanja krvnog tlaka

Oni koji zastupaju tezu spustanja krvnog tlaka pod
utjecajem su prvenstveno dokaza da je spustanje krvnog
tlaka najdjelotvornija strategija kako u primarnoj preven-
ciji tako 1 u sekundarnoj prevenciji u bolesnika s cere-
brovaskularnom bolescu.

S druge pak strane oni koji zagovaraju prestanak anti-
hipertenzivne terapije i preporucuju povisenje krvnog tla-
ka objasnjavaju to potrebom za odrzavanjem mozdane per-
fuzije 1 time smanjenjem mozdane ishemije.

Koristan doprinos ovoj raspravi mozemo naci u studiji
ACCESS (Acute Candesartan Citexetil Therapy in Stroke
Survivors — Stroke 2003), randomiziranoj, dvostruko slije-
poj, placebom kontroliranoj studiji zamisljenoj tako da se
ispita sigurnost umjerenog snizavanja krvnog tlaka dava-
njem kandesartana bolesnicima s hipertenzijom (RR >180
-200/105-110) u prvih 36 h od akutnog ishemijskog MU.
Studija ACCESS: primarni krajnji ishod (smrt 1 invaliditet,
nakon 3 mjeseca) nije pokazao razliku medu dvjema skupi-
nama, dok je sekundarni krajni ishod (smrt, recidiv MU,
sréane komplikacije, invaliditet, nakon 12 mjeseci) poka-
zao znacajno smanjenje za 48% (odds ratio = 0,48) u sku-
pini bolesnika koji su dobivali kandesartan. Time je potvr-
dena djelotvornost u MU koja je ranije za isti lijek dokaza-
naizaishemiju miokarda, iako mehanizam djelovanja nije
razjasnjen. U toj je fazi studija prekinuta.

Ucinjeno je i mnogo malih pokusa o sniZzavanju krvnog
tlaka u akutnoj fazi MU, a rabljene su sve skupine antihi-
pertenziva. Neke studije pokazale su povoljan u¢inak u
ishemijskom MU i mozdanom krvarenju, dok su druge
pokazale Skodljive ishode. Ipak, u vecini slucajeva ne radi
se o velikim, dobro dizajniranim i randomiziranim pokusi-
ma, dakle, niti o relevatnim podacima koji bi dali koristan
doprinos u procjeni potrebe lijeenja krvnog tlaka u MU.

Uz velike klini¢ke studije potrebne su 1 daljnje patofi-
zioloske studije koje ée istraziti ucinak promjena krvnog
tlaka na mozdani protok i hemostazu u razlicitim tipovi-
ma MU, na primjer, primjena PET (positron emission tomo-
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(positron emission tomography), SPECT (single photon
emission CT), TCD, perfusion and diffusion MR (with
evaluation of penumbra, mismatch), quantitative perfu-
sion C'T and xenon CT.

Recommendations for Blood Pressure
Management in Acute Stroke

1) International Society of Hypertension (ISH)
2) American Stroke Association (ASA)
3) European Stroke Initiative (EUSI)
4) Ministry of Health of the Republic of Croatia

1) International Society of Hypertension (ISH)

Statement on the Management of Blood Pressure in
Acute Stroke (J Hypertens 2003)

Current clhinical practice: various published guidelines are
not evidence based and differ in recommendations for the
treatment of hypertension in patients with acute stroke
who have not received thrombolytic therapy. Although not
consistent with evidence based medicine, there is quite a
strong consensus suggesting that elevated blood pressure
should be lowered in patients with cerebral hemorrhage
in order to reduce the risk of hematoma increase or recur-
rent hemorrhage. It is suggested that extremely high blood
pressure (>200/120 mm Hg) in patients with cerebral
hemorrhage should be actively lowered. The latest guide-
lines emphasize the need of blood pressure relative mod-
ification (e.g., reduction by 20% in cerebral hemorrhage).

Proposal for future studies: considering the fact that for
the time being there are no completed large studies inves-
tigating the safety and efficacy of blood pressure modifi-
cation in acute stroke, the neurologists dealing with cere-
brovascular diseases ‘cry out’ for evidence based medicine
answers to the following questions:

* should blood pressure be lowered in acute ischemic
stroke? — this question is not only important per se but
also because the recommendations for thrombolytic
therapy suggest that blood pressure be monitored dur-
ing the treatment with alteplase;

* should blood pressure be increased in acute ischemic
stroke when there is evidence for hypoperfusion?

* should blood pressure be lowered in cerebral hemor-
rhage?

¢ should previous antihypertensive therapy be continued
or temporarily interrupted?

¢ what type or combination of antihypertensives should
be used?
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graphy), SPECT (single photon emission CT'), TCD, perfu-
zijske 1 difuzijske MR (s procjenom penumbre, mismatct),
kvantitativne perfuzijske CT i ksenon CT.

Preporuke za regulaciju krvnog tlaka u
akutnom mozdanom udaru

1) International Society of Hypertension (ISH)
2) American Stroke Association (ASA)

3) European Stroke Initiative (EUSI)

4) Ministarstvo zdravstva RH

1) International Society of Hypertension (ISH)

Statement on the Management of Blood Pressure in
Acute Stroke (J Hypertens, 2003.)

Sadasnja klinicka praksa: aktualne objavljene smjernice
nisu temeljene na dokazima i medusobno se razlikuju u
savjetima kako lijeciti povisen tlak u bolesnika s akutnim
MU koji nisu dobili tromboliti¢nu terapiju. Iako se ovdje
ne radi o medicini zasnovanoj na dokazima, postoji prili¢no
jak konsenzus o tome da povisen krvni tlak treba sniziti u
bolesnika s mozdanim krvarenjem radi smanjenja rizika od
povecanja hematoma ili ponovnog krvarenja. Savjetuje se
da bolesnicima s izrazito povisenim krvnim tlakom (>200/
120 mm Hg) u mozdanom krvarenju krvni tlak treba ak-
tivno snizavati. Posljednje smjernice naglasavaju potrebu
promjene krvnog tlaka u relativnim razmjerima (na primjer,
snizenje za 20% u mozdanom krvarenju).

Preporuke za buduca istragivanja: kako zasad nema zavr-
Senih velikih studija sigurnosti 1 djelotvornosti mijenjanja
krvnog tlaka u akutnom MU, tako i neurolozi koji se bave
cerebovaskularnim bolestima “vape” za slijede¢im odgo-
vorima temeljenim na medicini zasnovanoj na dokazima:

e treba li snizavati krvni tlak u akutnom ishemijskom
MU? - ovo pitanje nije vazno samo po sebi, nego i sto-
ga Sto preporuke za tromboliti¢nu terapiju navode kako
treba pratiti krvni tlak tijekom terapije pomocu al-
teplaze

e treba li povisivati krvni tlak u akutnom ishemijskom
MU kada postoji dokaz za hipoperfuziji?

e treba li snizavati krvni tlak u mozdanom krvarenju?

¢ treba li nastaviti prethodnu antihipertenzivnu terapi-
ju ili ju priviemeno obustaviti?

* koju vrstu ili kombinaciju antihipertenziva treba rabi-
ti?

e kada zapoceti s lije¢enjem?

* koliko mora krvni tlak biti povisen?

* koja je ekonomska opravdanost lije¢enja krvnog tlaka?
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* when to initiate antihypertensive therapy?
* to what level should blood pressure be increased?
* what is the cost effectiveness of blood pressure thera-

py?

Such future trials and research studies should include
representative patient groups selected according to the
following parameters:

* demographic characteristics

* blood pressure values

* pre-existence of arterial hypertension or coronary dis-
ease

e stroke type

* stroke severity

* size of brain lesion

Some studies of such a design are just under way or
planned to start:

*  COSSACS: Continue Or Stop post-Stroke Antihyper-
tensive Collaborative Study, launched in 2003

e CHHIPS: Hypotension Immediately Post-Stroke, on-
going

e ENOS: Efficacy of Nitric Oxide in Stroke, ongoing

* IMAGES: Intravenous Magnesium Efficacy in Stroke,
ongoing

ISH Conclusions:

* clevated blood pressure (>140/90 mm Hg) is very com-
mon (in ~75% of patients) early after ischemic stroke,
however, its possible effect on functional recovery has
not yet been definitely identified

* clevated blood pressure is very common (>80%) after
cerebral hemorrhage and is associated with a poor out-
come

* low blood pressure values (<120/80 mm Hg) are rare
(5%)

*  50% of stroke patients receive antihypertensive ther-
apy

* thelack of large studies entails general uncertainty con-
cerning blood pressure management in ischemic or
hemorrhagic stroke

e optimal treatment of blood pressure in acute stroke re-
mains obscure, therefore there is a great need of large,
randomized studies

2) Stroke Council of the American Stroke Associa-
tion (ASA)

Guidelines for Early Management of Patients with Is-
chemic Stroke
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"Takve buduce studije i istrazivanja morati ¢e sadrzavati
reprezentativne skupine bolesnika prema:

* demografskim znacajkama (dob, spol, narodnost)

* vrijednostima krvnog tlaka

* postojanju prethodne arterijske hipertenzije ili koronar-
ne bolesti

e vrsti MU

* tezini MU

e velicini lezije mozga

Nekoliko takvih istrazivanja su u tijeku ili se planiraju:

e COSSACS - Continue Or Stop post-Stroke Antihyper-
tensive Collaborative Study, zapocinje 2003.

e CHHIPS - Hypotension Immediately Post-Stroke, u
tijeku

e ENOS - Efficacy of Nitric Oxide in Stroke, u tijeku

e IMAGES - Intravenous Magnesium Efficacy in Stroke,
u tijeku

Zaklju¢cei ISH:

* povisen krvni tlak (>140/90) vrlo je Cest (otprilike u
75% bolesnika) rano nakon ishemijskog MU 1 zasad nije
sa sigurnosc¢u utvrdeno ima li utjecaja na funkcionalni
oporavak

* povisen krvni tlak je vrlo ¢est (>80%) nakon mozdanog
krvarenja i povezan je s losim ishodom

* niske vrijednosti krvnog tlaka (<120/80 mm Hg) su ri-
jetke (5%)

*  50% bolesnika s MU prima antihipertenzivnu terapiju

* nedostatak velikih pokusa dovodi do globalne nesi-
gurnosti glede stava o lije¢enju krvnog tlaka u ishe-
mijskom ili hemoragijskom MU

e optimalno lije¢enje krvnog tlaka u akutnom MU osta-
je nepoznato i postoji velika potreba za randomiziranim
1 velikim studijama

2) Smjernice za rano lije¢enje bolesnika s
ishemijskim mozdanim udarom

Vijeca za mozdani udar Ameri¢ke asocijacije za mozdani
udar (Stroke Council of the American Stroke Association, ASA)

Prve preporuke za lije¢enje ishemijskog MU ASA je
objavila 1994. godine. Nakon $to je Uprava za hranu i lije-
kove (Food and Drug Administration) odobrila primjenu re-
kombiniranog tkivnog aktivatora plazminogena (rtPA) iz-
dane su nove, uskladene preporuke 1996. godine.

(fz'njmim' nedostatak pouzdanih podataka i studija, dosa-
das$nji rezultati proturjecni, nema znanstvenog pokrica ni
klini¢ki dokazane koristi od snizavanja krvnog tlaka, kod
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The first ASA guidelines for the treatment of ischem-
ic stroke were published in 1994. The guidelines were
revised in 1996, upon FDA had issued approval for recom-
binant tissue plasminogen activator (rtPA).

Facts: lack of reliable data and studies; controversial
results reported to date; no scientific basis or clinically
demonstrated benefit of blood pressure reduction; in most
patients, blood pressure declines spontaneously without
any specific medical therapy; optimal treatment of blood
pressure in acute stroke has not been determined.

“... In most circumstances, the blood pressure should
generally not be lowered ...”

Although severe hypertension can be considered as an
indicator for treatment, there are no data on defined blood
pressure values that would require urgent treatment.

Yet, there is a consensus that antihypertensive agents
should be prescribed when systolic blood pressure is >220
mm Hg or diastolic blood pressure >120 mm Hg.

The following conditions may require urgent antihy-
pertensive therapy in acute stroke:

* hypertensive encephalopathy
e dissection of aorta

¢ acute renal insufficiency

e acute pulmonary edema

* acute myocardial infarction

Along with general therapeutic measures, the patient
should be placed in a quiet room, his bladder should be
voided, pain control should be introduced, and the possi-
bly elevated intracranial pressure should be lowered. May
an indication for antihypertensive therapy be made, blood
pressure should be lowered with caution. In patients treat-
ed with thrombolytic agents continuous blood pressure
monitoring and possibly due correction should be done
during rtPA administration and for the next 24 hours be-
cause of the risk of complications in terms of cerebral hem-
orrhage. Thrombolytic therapy should not be used if sys-
tolic pressure is >185 mm Hg or diastolic pressure >110
mm Hg.

Approach to elevated blood pressure in acute stroke

A) without thrombolytic therapy:

systolic BP <220 mm Hg or diastolic BP <120 mm Hg
* observation, monitoring
¢ treatment of other possible organ diseases
¢ treatment of other stroke symptoms (headache, vo-
miting, elevated intracranial pressure, epileptic se-
izures, hypoglycemia)
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vecine bolesnika krvni tlak se spontano snizava bez speci-
ficne medicinske terapije, optimalno lijecenje krvnog tla-
ka u akutnom MU nije utvrdeno,

“ ... u velini situacija krvni tlak uglavnom ne treba
snizavati ...”

Tako se teska hipertenzija moze smatrati indikacijom
za lijeCenje, nema podataka o definiranim vrijednostima
krvnog tlaka koji bi zahtijevali hitno lije¢enje.

Ipak postoji konsenzus o tome da antihipertenzivne
lijekove treba ordinirati onda kad je sistolicki tlak >220
mm Hg ili dijastolicki tlak 120 mm Hg.

Stanja koja takoder mogu zahtijevati hitnu antihiper-
tenzivnu terapiju u akutnom MU su

* hipertenzivna encefalopatija

e aortna disekcija

¢ akutna bubrezna insuficijencija
e akutni pluéni edem

e akutni infarkt miokarda

Takoder, uz op¢e mjere lije¢enja bolesnika treba smje-
stiti u tihu sobu, isprazniti mu mjehur, kontrolirati bol, sni-
ziti eventualno povisen intrakranijski tlak. Ako postavi in-
dikacija za antihipertenzivnu terapiju, spustanje krvnog
tlaka treba oprezno provoditi. Kod bolesnika koji se lijece
tromboliti¢nim sredstvima potrebno je stalno praenje tla-
kaieventualno ispravljanje i to tijekom davanja rtPA i kroz
prva 24 sata zbog opasnosti od komplikacija u smislu
mozdanog krvarenja. Tromboliti¢nu terapiju ne davati ako
jesistolicki RR >185 mm Hgili dijastolicki >110 mm Hg.

Pristup povisenom krvnom tlaku u akutnom MU

A) bez tromboliti¢ne terapije
sistolicki RR <220 ili dijastolicki <120
* opservacija, pracenje
e tretirati eventualne bolesti drugih organa
¢ ljjediti druge simptome MU (glavobolja, povracanje,
povisen intrakranijski tlak, epilepti¢ni napadaji, hi-
poglikemija)
sistolicki RR >220 ili dijastolicki >120
¢ labetalol 10-20 mg i.v. kroz 1-2 minute (moZe se
ponavljati svakih 10 minuta do maksimalne doze od
300 mg)
¢ nikardipin 5 mg/h i.v. kao pocetna doza (titrirati do
zeljenog ucinka povecavajuéi dozu za 2,5 mg/h sva-
kih 5 minuta do najvise 15 mg/h
dijastolicki >140
¢ nitroprusid 0,5 mg/kg/min i.v. infuzija kao pocetna
doza uza stalno pracenje RR
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systolic BP >220 mm Hg or diastolic BP >120 mm Hg
¢ labetalol 10-20 mg i.v. over 1-2 min (can be repeat-
ed every 10 minutes up to the maximal dose of 300
mg)
* nicardipine 5 mg/h i.v. as initial dose (titrated to the
desirable effect by increasing the dose by 2.5 mg/h
every 5 minutes up to the maximal dose of 15 mg/h)

diastolic BP >140 mm Hg
- nitroprusside 0.5 mg/kg/min i.v. infusion as initial dose
with continuous BP monitoring

B) with thrombolytic therapy:
systolic BP >185 mm Hg or diastolic BP >110 mm Hg
* labetalol 10-20 mgi.v. over 1-2 minutes, then repeat
itoradminister 1-2 inches of Nitropast (if blood pres-
sure does not fall to a satisfactory level, the use of
rtPA should be discontinued)
in case of elevated blood pressure values observed on
monitoring a patient who has received thrombolytic
therapy, labetalol or nicardipine should be adminis-
tered as described above, and nitroprusside should
be initiated as necessary

3) European Stroke Initiative (EUSI) Recommen-
dations for Stroke Management — Update 2003
(Cerebrovasc Dis 2003)

Blood pressure monitoring and treatment are impor-
tant because many patients with acute stroke have elevat-
ed blood pressure. Some data are in favor of blood pressure
treatment, however, there also is evidence against it. A
target systolic blood pressure of 180 mm Hg and diastolic
blood pressure of 100-105 mm Hg is advised in patients
with pre-existing hypertension. In other cases, desirable
blood pressure levels are 160-180/90-100 mm Hg. Clearly,
extremely high blood pressure values are not acceptable
(although values of up to 240/130 mm Hg are accepted in
the USA). A systolic blood pressure of >220 mm Hg or
diastolic blood pressure of >120 mm Hg is an indication
for early but cautious use of antihypertensives while avoid-
ing abrupt and massive blood pressure reduction.

In case of concomitant diseases such as acute myocar-
dial infarction, cardiac insufficiency, acute renal insufficien-
cy, aortic arch dissection, blood pressure reduction is also
desirable.

In patients receiving thrombolytic or heparin therapy
blood pressure levels higher than 180 mm Hg should be
avoided.

In intracerebral hematoma, subdural hematoma and
subdural hemorrhage, elevated blood pressure should also
be properly treated.

74

B) s tromboliti¢cnom terapijom
sistolicki >185 mm Hg ili dijastolicki >110 mm Hg

¢ labetalol 10-20 mg i.v. kroz 1-2 minute, ponoviti ili
Nitropasta 1-2 in¢a (ako krvni tlak ne padne na za-
dovoljavajuce vrijednosti, treba odustati od primje-
ne rtPA)

* tijekom pracenja bolesnika koji je primio tromboli-
ti¢nu terapiju u slucaju povisenih vrijednosti RR da
vati labetalol ili nikardipin kako je opisano, prema po-
trebi zapoceti 1 s nitroprusidom

3. European Stroke Initiative (EUSI) Recommen-
dations for Stroke Management — Update 2003
(Cerebrovascular Dis 2003.)

Pracenje 1 lije¢enje krvnog tlaka vazni su jer mnogi
bolesnici s akutnim MU imaju povisen krvni tlak. Neki
podaci govore u prilog tom lijecenju, ali postoje i dokazi
protiv njega. Ciljni sistolicki krvni tlak od 180 mm Hg i
dijastolic¢ki od 100-105 mm Hg preporucuju se kod bolesni-
ka s prethodnom hipertenzijom. U drugim sluc¢ajevima
pozeljne vrijednosti krvnog tlaka su 160-180/90-100 mm
Hg. Ocito ekstremno visoke vrijednosti nisu prihvatljive
(iako se u SAD prihvacaju i vrijednosti do 240-130 mm Hg).
Sistolicki krvni tlak >220 mm Hg ili dijastoli¢ki >120 mm
Hg predstavljaju indikaciju za ranu ali opreznu upotrebu
antihipertenziva, izbjegavajuéi naglo i jako rusenje vrijed-
nosti krvnog tlaka.

U slucaju supostojecih bolesti, npr. akutni infarkt mi-
okarda, sr¢ana insuficijencija, akutna bubrezna insuficijen-
cija, disekeija luka aorte, poZeljno je takoder spustanje vri-
jednosti krvnog tlaka.

Kod bolesnika koji primaju tromboliti¢nu ili heparin-
sku terapiju trebalo bi izbjegavati krvni tlak visi od 180 mm
Hg.

Kod intracerebralnih hematoma, subduralnih hemato-
ma, kao 1 kod subarahnoidnih krvarenja takoder se lijece
povisene vrijednosti krvnog tlaka.

Antihipertenzivi koji se mogu rabiti u akutnom MU:
inhibitor ACE - kaptopril 6-12,5 mg s.c.
sredisnji simpatikolitik —klonidin 0,075 mgs.c. ili 0,2 mg
in. i potom 0,1 mg/h (do 0,8 mg)
LV
vazodilatatori — nitroprusid 0,25-10 mg/kg min. i.v.
— nitroglicerin 5-100 mg/kg min. i.v.
— dihidralazin 6,5-20 mg i.v. bolus i.v.
Beta blokator — propranolol 1-10 mg i.v.
Alfa blokator —labetalol 20-80 mg bolus i.v. i potom 2 mg/

min. i.v. infuzija
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The following antihypertensives can be used in stroke
patients:
ACE inhibitor — captopril 6-12.5 mg s.c.
central sympaticolytic — clonidine 0.075 mg s.c. or 0.2 mg
in., then 0.1 mg/h (up to 0.8 mg) i.v.
vasodilatators ~ — nitroprusside 0.25-10 mg/kg/min i.v.
— nitroglycerin 5-100 mg/kg/min i.v.
— dihydralazine 6.5-20 mg bolus i.v.
— propranolol 1-10 mg i.v.
— labetalol 20-80 mg bolus i.v., then 2
mg/min i.v. infusion
—urapidil 10-50 mg bolus i.v., then 9-30
mg/h i.v. infusion

beta-blocker
alfa-blockers

4. Ministry of Health of the Republic of Croatia
Guidelines for Stroke Treatment

Developed by the expert team headed by Professor
Vida Demarin, M.D., Ph.D.; available at the Ministry of
Health web sites.

Considering elevated blood pressure management,
these guidelines are consistent with EUSI guidelines.
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NEW MODALITIES IN THE TREATMENT OF STROKE
NOVOSTI U LIJECENJU MOZDANOG UDARA
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Odjel za neurologiju, Klini¢ka bolnica Split, Medicinski fakultet SveuciliSta u Splitu, Split

Introduction

Any report on stroke treatment modalities should start
with listing the following major risk factors for stroke that
are liable to modification:

* arterial hypertension

* diabetes mellitus

* dyslipidemia

* nonvalvular atrial fibrillation
* carotid stenosis

* smoking

* obesity

* physical inactivity

The possibilities of acute stroke treatment are still
quite limited. Taking the term of treatment in a broad
sense, preventive approach remains the most efficient
method of treatment, i.e. elimination or modification of
the above listed risk factors. A rise in diastolic arterial pres-
sure by 7 mm Hg or systolic pressure by 12 mm Hg has
been demonstrated to increase the risk of stroke by 50%!
Thus, the number of strokes in the USA could theoreti-
cally be reduced by 360,000 cases per year with efficacious
treatment of arterial hypertension'.

A number of large clinical studies have recently been
completed which have in part or completely changed some
concepts of the treatment and prevention of stroke, espe-
cially considering anticoagulation and antiaggregation ther-
apy as well as the use of particular procedures of interven-
tional radiology. Some of these studies have enabled bet-
ter understanding and more efficacious management of the
above listed risk factors. In addition, a number of clinical
studies that have just been under way have already pro-
duced some guidelines for the treatment and prevention
of stroke.

Anticoagulation (Antithrombotic) Agents in Stroke
Prevention

A meta-analysis of five large randomized clinical stud-
ies of the use of coumarin in nonvalvular atrial fibrillation
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Uvod

Svako izlaganje o modalitetima lije¢enja mozdanog
udara moralo bi zapoceti nabrajanjem osnovnih rizi¢nih
¢imbenika mozdanog udara podloznih modifikaciji, a to su:

* arterijska hipertenzija

* Secerna bolest

e dislipidemija

* nevalvularna atrijska fibrilacija
* karotidna stenoza

* pusenje

* debljina

* tjelesna neaktivnost

Naime, moguénosti lije¢enja akutnog mozdanog udara
jo$ uvijek su znacajno ograni¢ene. Shvatimo li pojam
lijeCenja u Sirem smislu, onda mozemo kazati da je zasad
najucinkovitija metoda lije¢enja mozdanog udara preven-
tivni pristup — tj. uklanjanje ili modificiranje prije nabro-
jenih ¢imbenika rizika. Dokazano je da porast dijastolnog
arterijskog tlaka za 7 mm Hg—ili sistolnog tlaka za 12 mm
Hg — podizZe rizik mozdanog udara za 50%! "Tako bi se —
teoretski — ucinkovitim lijeCenjem arterijske hipertenzije
broj mozdanih udara u SAD mogao umanjiti za 360.000
slu¢ajeva na godinu'.

Nedavno je zavr$en niz velikih klini¢kih studija koje su
dijelom ili u cijelosti promijenile odredena stajaliSta u
lijeCenju 1 prevenciji mozdanog udara, osobito u pogledu
antikoagulacijskog 1 antiagregacijskog lije¢enja, kao i
primjene odredenih postupaka intevencijske radiologjje.
Neke od tih studija omogucile su bolje razumijevanje 1
ucinkovitije lijeenje prije nabrojenih ¢imbenika rizika.
Konac¢no, niz klini¢kih istrazivanja koja su trenutno u tijeku
ve¢ sada daju odredene smjernice za lije¢enje i prevenciju
mozdanog udara.

Antikoagulantna (antitrombotska) sredstva u
prevenciji mozdanog udara

Metaanaliza pet velikih randomiziranih klinickih
istrazivanja primjene kumarina u nevalvularnoj atrijskoj
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(NVAF) has led to a conclusion that the use of coumarin
for NVAF resulted in 68% stroke risk reduction as com-
pared with the control group. Although the same meta-
analysis confirmed the efficacy of acetylsalicylic acid (ASA)
in the prevention of stroke in NVAF patients, the risk re-
duction with the use of ASA for this indication did not
exceed 20%. Coumaring is obviously the most efficacious
agent for prevention of stroke in patients with NVAE

It has been generally accepted that coumarin is indi-
cated for all NVAF patients if exhibiting some of the fol-
lowing stroke risk factors:

* previous history of stroke, transient ischemic attack
(TIA) or systemic embolism

e arterial hypertension

* congestive cardiomyopathy

* age 275 years

¢ impaired function of the left chamber

Considering efficacious daily dose of coumarin, it is
variably determined for various indications. The target
INR values are as follows:

¢ nonvalvular atrial fibrillation
¢ left chamber thrombus

* acute myocardial infarction
e artificial valve

INR 2-3, lifelong
INR 2-3, 3-6 months
INR 2-3, 6 months
INR 3-4, lifelong

In the meantime, ximelagatran, a new peroral direct
thrombin inhibitor, has appeared on the market. This drug
has some advantages over coumarin:

e greater therapeutic range

* no need of dose calibration or INR control

* interactions of ximelagatran with food or other drugs
are very rare

Comparison of the efficacy of ximelagatran and cou-
marin in NVAF was investigated in two clinical studies,
SPORTTIF HI and SPORTTF V. These were randomized
clinical trials comparing adapted doses of warfarin (target
INR 2-3) and fixed dose of ximelagatran (2x36 mg/day)
in risk patients with NVAF2 SPORTTF III was an open-
label study, whereas SPORTTF V was designed as a dou-
ble-blind study. The primary study endpoint was stroke or
systemic embolism. In brief, the studies produced the
following results (note: negative value — better ximelagat-
ran):

e SPORTIF III: - 0.66%
e SPORTIFV:  +0.45%
* meta-analysis: —0.03%

(95% CI, -1.4% to 0.1%)
(95% CI, —0.1% to 1.1%)
(95% CI, —0.6% to 0.6%)

As for possible complications, the rate of hemorrhage
was lower with the administration of ximelagatran (SPOR-
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fibrilaciji (NVAF) rezultirala je zakljuc¢kom da se primje-
nom kumarina u NVAF postize 68%-tno sniZenje rizika za
mozdani udar u odnosu na kontrolnu skupinu. Premda je
ista metaanaliza potvrdila da je acetilsalicilna kiselina
(ASK) takoder u¢inkovita u prevenciji mozdanog udara u
bolesnika s NVAE postignuto smanjenje rizika uz primjenu
ASK za tu indikaciju dostizalo je najvise 20%. Kumarin je
ocito najucinkovitije sredstvo prevencije mozdanog udara
u osoba s NVAE

Prema opce prihvaéenom stajalistu kumarin je indici-
ran za sve bolesnike s NVAF ako iskazuju jo$ jedan od
slijedecih ¢imbenika rizika za mozdani udar:

e prethodni mozdani udar, TTA ili sistemska embolija
e arterijska hipertenzija

* kongestivna kardiomiopatija

e 7Zivotna dob 275 godina

¢ oslabljena funkcija lijeve komore

Ucinkovita dnevna doze kumarina odreduje se drukéije
zarazliCite indikacije. Ciljne vrijednosti INR-a su slijedeée:

INR 2-3, dozivotno
INR 2-3, 3-6 mjeseci
INR 2-3, 6 mjeseci
INR 3-4, dozZivotno

U meduvremenu na trzistu se je pojavio novi peroralni
izravni inhibitor trombina, ksimelagatran. U odnosu na
kumarin, ovaj lijek posjeduje odredene prednosti:

* nevalvularna AF

e tromb lijeve komore

¢ akutni infarkt miokarda
* umjetna valvula

e vecu terapijsku Sirinu

* nema potrebe za bazdarenjem doze ili za nadzorom
INR

* interakcije ksimelagatrana s hranom ili drugim lijekovi-
ma vrlo su rijetke

Usporedba ucinkovitosti ksimelagatrana i kumarina u
NVAF bila je tema dviju klini¢kih studija, SPORTIF I11. i
SPORTTF V. o su bili randomizirani klini¢ki pokusi us-
poredbe prilagodene doze varfarina (ciljna vrijednost INR-
a 2-3) 1 fiksne doze ksimelagatrana (2x36 mg na dan) u
rizi¢nih bolesnika s NVAF?. SPORTIF III. bila je tzv.
otvorena studija, dok je SPORTTF V. zamisljena kao dvo-
struko slijepo ispitivanje. Primarni cilj studije bio je moz-
dani udar ili sistemska embolija.

Rezultati studija bili su slijede¢i (napomena: negativ-
na vrijednost — bolji ksimelagatran):

SPORTIF II1.: - 0,66%  (95% CI, — 1,4% do 0,1%)
e SPORTIFV: +0,45% (95% CI, —-0,1% do 1,1%)
e Metaanaliza: -0,03% (95% CI, - 0,6% do 0,6%)

U pogledu moguéih komplikacija, u¢estalost krvaren-
jabilaje niza kod primjene ksimelagatrana (SPORTTF IIL.:
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TTF II1: 25.5% vs. 29.5%; SPORTIF V: 37% vs. 47%),
whereas liver function tests showed greater deviation with
the use of ximelagatran (6.1% vs. 0.8%).

If we accept that coumarin is the most efficacious agent
available for patients at a high risk of cardioembolic stroke,
it appears logical to pose the following question: How to
treat patients with stroke due to microvascular disease or
patients with atherothrombotic stroke as part of aortic arch
macrovascular disease or those with cryptogenic stroke, i.e.
a stroke without clear etiology? Is anticoagulation therapy
also indicated for prevention of these stroke types?

The WARSS (Warfarin zs. Aspirin Recurrent Stroke
Study) trial was so designed as to address this goal, i.e. to
answer the question of anticoagulation therapy efficacy in
patients with noncardioembolic stroke®. It was a multi-
center, double-blind, randomized, clinical study of second-
ary prevention of stroke. The study included 2206 patients
with noncardioembolic ischemic stroke, randomized into
two groups. One group received coumarin (adapted dose,
INR 1.4-2.8), and the other group received ASA 325 mg/
day for 2 years. The primary endpoint was stroke or death.
None of the study subgroups (lacunar stroke, atherothrom-
botic stroke, patients with antiphospholipid syndrome)
had better prognosis with warfarin. The stroke risk quo-
tient was 1.13 (coumarin vs. ASA), and the rate of hemor-
rhage was 2.22 and 1.49 per 100 patient-years for coumarin
and ASA, respectively. Thus, besides lower efficacy, cou-
marin was associated with a considerably higher rate of
complications.

Another interesting study related to the efficacy of
coumarin and ASA for this indication was WASID (Warfarin
Aspirin Symptomatic Intracranial Disease Trial)*. The cri-
terion for patient selection was symptomatic disease of
great intracranial arteries (>50% stenosis of [CA, MCA,
vertebral or basilar artery). A total of 569 study patients
were administered coumarin (target INR 2-3) orASAat a
dose of 1300 mg/day. The study was discontinued for safety
reasons, as no difference in the stroke risk reduction was
observed, whereas lethal outcome was recorded in 10% of
patients on coumarin os. 4% of patients administered ASA.
Major hemorrhage was observed in 8% and 3% of patients
on coumarin and ASA, respectively.

Antiaggregation Agents in Stroke Prevention

While the efficacy of antiaggregation agents in the pre-
vention and treatment of stroke is unquestionable, many
questions are still a matter of discussion and subject of
numerous clinical studies. ACE study (Aspirin for patients
undergoing Carotid Endarterectomy) appears to be of
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25,5% prema 29,5%, SPORTTF V: 37% prema 47%), dok
su testovi jetrenih funkcija pokazali znacajnija odstupanja
kod primjene ksimelagatrana (6,1% prema 0,8%).

Prihvatimo li tvrdnju da je kumarin najucinkovitije ras-
polozivo sredstvo za bolesnike s visokim rizikom od kar-
dioembolijskog mozdanog udara, postavlja se logi¢no pitanje:
Kako lijeciti bolesnike s mozdanim udarom uzrok kojega
je bolest malih krvnih Zila ili bolesnike s aterotrombotskim
mozdanim udarom u sklopu bolesti velikih krvnih Zila aort-
nog luka, kao 1 bolesnike s kriptogenim mozdanim udarom
— tj. mozdanim udarom bez jasne etiologije? Je li antiko-
agulantno lijecenje indicirano i za prevenciju ovih vidova
mozdanog udara?

S tim je ciljem zamisljena studija WARSS (Warfarin vs.
Aspirin Recurrent Stroke Study) koja je trebala odgovoriti na
pitanje u¢inkovitosti antikoagulacijskog lije¢enja u bolesni-
ka s s ne-kardioembolijskim moZzdanim udarom®. Radilo se
o multicenri¢nom, dvostruko slijepom randomiziranom
klinickom istrazivanju sekundarne prevencije mozdanog
udara. Bilo je uklju¢eno 2206 bolesnika s ne-kardioembo-
lijskim ishemijskim mozdanim udarom, koji su randomi-
zirani u dvije skupine. Jedna je skupina primala kumarin
(prilagodena doza, INR 1,4-2,8), a druga ASK 325 mg na
dan tijekom 2 godine. Primarni krajnji ishod studije bio je
mozdani udar ili smrt. Nijedna od ispitnih podskupina
(lakunarni mozdani udar, aterotrombotski mozdani udar,
bolesnici s antifosfolipidnim sindromom) nije imala bolju
prognozu s varfarinom. Kvocijent rizika za mozdani udar
iznosio je 1,13 (kumarin prema ASK), a uCestalost krvarenja
bila je 2,22 na 100 bolesnik-godina za kumarin prema 1,49
za ASK. Dakle, uz manju uéinkovitost kumarin je imao i
znatno veéu ucestalost komplikacija.

Slijedeca zanimljiva studija vezana za odnos ucinkovi-
tosti kumarina i ASK u ovoj indikaciji je WASID (Warfarin
Aspirin Sympromatic Intracranial Disease Trial)*. Kriterij izbora
ispitanika bila je simptomatska bolest velikih intrak-
ranijskih arterija (>50%-tno suzenje ICA, MCA, vertebral-
ne ili bazilarne arterije). Ukupno je bilo ukljuc¢eno 569 ispi-
tanika koji su primali kumarin (ciljna vrijednost INR-a 2-
3) ili ASK u dozi od 1300 mg na dan. Studija je prekinuta
zbog sigurnosnih razloga. Naime, nije utvrdena nikakva
razlika u smanjenju rizika za mozdani udar, no smrtni ishod
zabiljeZen je u 10% bolesnika na kumarinu u odnosu na isti
ishod u 4% bolesnika koji su primali ASK. Znacajnije
krvarenje opazeno je u 8% bolesnika na kumarinu u odno-
su na 3% bolesnika koji su primali ASK.
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special interest. It was a randomized clinical trial includ-
ing 3000 patients submitted to carotid endarterectomy®.
"This study has answered a question open for a long time
now, i.e. since the discovery of the antiaggregation prop-
erties of ASA: What is the optimal dose of ASA in the pre-
vention of stroke? Study subjects received one of the 4 ASA
doses during the perioperative period: 81 mg, 325 mg, 650
mg or 130 mg per day. As the results recorded in subjects
receiving lower doses (81 and 325 mg) and in those on
higher doses (650 and 1300 mg) of ASA were similar, the
original four groups were finally reduced to two groups.
Then, the subjects on either of the lower doses (81 or 325
mg) of ASA showed a significantly lower rate of complica-
tions including stroke, myocardial infarction and death.
Thus, the conclusion derived from the study was that ASA
doses higher than 325 mg/day for stroke prevention were
not justifiable.

The next study related to antiaggregation agents was
ESPS-2 (European Stroke Prevention Study 2), a multi-
center, randomized, double-blind, placebo controlled study
aimed at assessing the efficacy of ASA, dipyridamole, and
a combination of the two in the prevention of stroke®. The
study included subjects who had sustained TIA or ischemic
stroke within 3 months prior to inclusion in the study, with
a 2-year follow-up period. Study subjects were divided into
four groups randomized to any of the following treatment
protocols:

* 200 mgextended release dipyridamole (ER-DP) twice
daily

* 25 mg ASA twice daily

e 25 mgASA + 200 mg ER-DP twice daily

* placebo twice daily

Results of this study indicated that, although both ASA
and dipyridamole are efficacious antiaggregation agents in
stroke prevention, the combination of the two showed
additional efficacy, i.e. a synergistic action of these two
antiaggregation agents. This was the first clinical study
demonstrating the biologic value of the combination of
these two antiaggregation agents with different mecha-
nisms of action.

Clopidogrel, a novel antiaggregation drug, has recent-
ly appeared on the market. Comparison of the efficacy of
this drug with ASA as an established antiaggregation agent
was simply unavoidable. The topic was addressed in the
CAPRIE study (Clopidogrel versus Aspirin in Patients at
Risk of Ischemic Events)’, a prospective, randomized,
double-blind clinical study that included 19,185 patients
with atherosclerotic vascular disease from 304 hospital
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Antiagregacijska sredstva u prevenciji mozdanog
udara

Premda je ucinkovitost antiagregacijskih sredstava u
prevenciji 1 lije¢enju mozdanog udara nesporna, mnoga su
pitanja jo$ uvijek predmet rasprava i cilj brojnih klinickih
istrazivanja. Posebno je zanimljiva studija ACE (Aspirin for
patients undergoing Carotid Endarterectomy), randomizirano
klinicko istrazivanje kojim je bilo obuhvaceno 3000 bolesni-
ka koji su podvrgnuti karotidnoj endarterektomiji®. Naime,
ova nam je studija pruzila odgovor na pitanje koje se pro-
vlaci ve¢ dugi niz godina, tj. otkako su otkrivena antiagre-
gacijska svojstva acetilasilicilne kiseline: koja je optimalna