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Abstract

The only method giving the possibility of a thorough assessment of plaques instability, is a histologic examination.
Three plaques categories were distinguished: unstable, potentially unstable and stable. The distribution of particular
types of plagues was similar in symptomatic and asymptomatic patients. Over three quarters of lesions which could
correspond to stable plaques in a macroscopic assessment, microscopically fulfilled the criteria for unstable or poten-
tially unstable ones (the number of confirmed stable lesions vs the number of unconfirmed ones, 13 vs. 51 respectively,
p < 0.0001). In a microscopic assessment made for all the plaques altogether, 52 plagues (58.4%) were considered unsta-
ble; 18 (20.2%) fulfilled the criteria for potentially unstable ones. The remaining 19 plaques (21.4%) were classified as
plaques of stable structure. Unstable plaques constituted a significant majority (unstable vs potentially unstable and
unstable vs. stable, p = 0.0006 and p = 0.0008 respectively).

Due to the fact that majority of carotid atheromatous plaques appear to be unstable or potentially unstable because
of the inflammation and related mechanisms, the role of the inflammatory-immunologic component of atheroscle-
rosis should be used in prophylaxis of stroke and the new therapeutic concepts worked out.
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to be very important from the point of view of stroke

Introduction prophylaxis [8,15]. Hence there have been many

In a majority of cases, an ischaemic stroke happens
as a result of arteriosclerosis in arteries supplying the
brain. Research conducted over the years shows that
not only the presence of plaques but also their char-
acter creates the risk of an acute cerebral episode
[5,6,8,24]. Carotid atheromatous plaques’ instability as
a predictor and risk factor of ischaemic stroke appears

attempts at establishing ultrasound criteria of carotid
plague instability. So far the suggested criteria and
results obtained have not been clear-cut. Hypoe-
chogenicity of atheromatous plaques in carotid arter-
jes seems to be a parameter which could indicate their
potential instability, referring to the lipid-necrotic
component or intra-plaque haemorrhages [7,9,18]. How-
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ever, research with the use of more advanced ultra-
sound analyses prove that broadly available ultrasound
techniques, used every day, do not give a full possi-
bility to assess this parameter [8]. Approximately
37 to 58% of ultrasonographically assessed carotid pla-
ques seem to be higher risk lesions [1,4,25]. It should
also be stressed that the above-mentioned features
are not the only or sufficient ones to distinguish unsta-
ble or potentially unstable atheromatous lesions [2].
A more accurate answer considering carotid plague
stability/instability can be obtained based on gross
examination of the lesion. It can be carried out only
in patients who undergo endarterectomy [12,26].
The aim of this paper was to estimate the frequency
of higher risk plaques, when we take into considera-
tion patients with advanced carotid disease, thinking
about appropriate treatment of this patient group.

Material and methods

Ninety-one atheromatous plaques collected from
91 patients who underwent endarterectomy of carotid
arteries were put through a morphological analysis.
The examination was carried out in 27 women (29.67%)
and in 64 men (70.33%), aged 44 to 85 years (average
age 67.7 years), with arterial hypertension and/or dia-
betes type 2, and/or ischaemic heart disease and/or
dyslipidaemia, and/or peripheral artery disease. Ex-
clusion criteria included pathologies with underlying
inflammatory or immune mechanisms (acute and
chronic infections, liver cirrhosis, systemic connective
tissue disease, multiple sclerosis, autoimmune neu-
ropathies, Crohn’s disease, ulcerative colitis, Hashimo-
to’s thyroiditis, Graves’ disease, neoplasms).

Every plaque was submitted to a morphological
assessment, comprising macroscopic and microscopic
examination. Conformity of the macroscopic and mi-
croscopic plaque evaluation was compared taking into
consideration indications of its instability.

Macroscopic evaluation

Intraoperatively the plaque surface (smooth, ulcer-
ated, with a parietal thrombus) and colour (white, yel-
low, coloured by a thrombus) were evaluated. A plaque
with a parietal thrombus and/or ruptures of the inte-
rior membrane and/or its exfoliation, unconnected with
the perioperative injury, was considered unstable.
A plague which showed ulceration on the surface and/
or was coloured by a thrombus, was yellow with soft
structure (a large lipid core), without a parietal throm-
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bus or ruptures of the intima, was described as
potentially unstable. A white plaque with a smooth sur-
face, without the features mentioned before, was con-
sidered stable.

Microscopic evaluation

Plagues collected intraoperatively were fixed in an
8% solution of formalin and then three parts were
taken from each of them, including from the most
pathologically significant place. The material was
embedded in paraffin and, having been cut into 3 um
thick slices, they were stained with haematoxylin and
eosin as well as with the use of PAS and van Gieson’s
methods. The evaluation included inflammatory infil-
trations, plaque vascularization, presence of intra-plaque
haemorrhages and a parietal thrombus, assessment
of elements of connective tissue, foam cells, and pre-
sence of cholesterol crystals. A plague with a parietal
thrombus, fibrous cap ruptures and also containing
a large lipid core and/or intra-plaque haemorrhages
and/or thrombi embedded in the structure of the
plague, massive/disseminated inflammatory infiltra-
tions, rich vascularization, many foam cells and a mi-
xed structure of fibres was considered microscopical-
ly unstable. A plaque was considered potentially
unstable if it lacked parietal thrombi and ruptures of
the fibrous cap, and showed coexistence of at least four
of the following features: cholesterol crystals, mas-
sive/disseminated inflammatory infiltrations, rich vas-
cularization, many foam cells, mixed structure of
fibres. A plague lacking the above-mentioned features,
without clearly disturbed integrity of the fibrous ele-
ments, was described as stable. The assessment was
made on the basis of the criteria established by the
American Heart Association and the analysis of the data
available from the literature, especially those which refer
to carotid arteries [2,8,13,19,22].

Both analyses (macroscopic and microscopic) were
blind in reference to each other and to clinical data.

Statistical analysis

In the analysis of measurable variables the following
ones were presented: median (Me), minimum value
(Min), maximum value (Max), standard deviation
(SD). The measurable variables showed distributions
significantly departing from a normal distribution
(Shapiro-Wilk test, p < 0.05), which is why non-para-
metric tests were used. To show the significance of dif-
ferences among more than two groups, Kruskal-Wal-
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lis ANOVA was used, and to compare two groups of
patients the Mann-Whitney U test was used. Nomi-
nal variables were compared using the chi-square test
or its modifications with Yates’ correction or the pre-
cise two-sided Fisher’s test (for 2 x 2 tables). For a one-
factor and then multi-factor analysis of an odds ratio
(OR) with 95% confidence interval (95% Cl), logistic
regression was applied. As a statistical significance
threshold p < 0.05 was assumed. Statistical calcula-
tions were performed using the program Statistica 7.1

The research was conducted on the basis of the con-
sent of the Local Bioethical Commission (resolution no.
BN-001/36/06). All subjects gave informed consent.

Results

In 51 cases plaques were collected from patients
after an ischaemic stroke or transient ischaemic
attack (TIA), corresponding to assessed lesions (symp-
tomatic plaques). In the remaining 38 cases an endar-
terectomy procedure was performed in patients with-
out a previous stroke episode (asymptomatic plagues).
Demographic data concerning the patients are shown
in Table I.

Macroscopic assessment
of atheromatous plaques

Among 89 assessed plaques, both symptomatic and
asymptomatic (in 2 patients description of macroscopic
lesions was not obtained) 13 (14.6%) were considered
unstable, and another 12 (13.5%) fulfilled the criteria
of potentially unstable plaques (p = 0.881). A majori-
ty (71.9%) of lesions assessed perioperatively corre-
sponded to plaques of a stable character (stable vs.
unstable and stable vs potentially unstable p < 0.0001).
The distribution of particular types of plaques in a ma-
croscopic evaluation taking into consideration the divi-
sion into symptomatic and asymptomatic plaques was
similar. In patients with a stroke, unstable plaques con-
stituted 15.7%, potentially unstable plaques 11.8%, and
stable plagues 72.5%. Among asymptomatic patients
this percentage was 13.3%, 15.6% and 71.1% respec-
tively (p = 0.8931).

Microscopic assessment
of atheromatous plaques

In a microscopic assessment made for all the pla-
ques altogether, 52 plaques (58.4%) were consider-
ed unstable; 18 (20.2%) fulfilled the criteria for poten-
tially unstable ones. The remaining 19 plaques (21.4%)
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Table I. Demographic data of patients qualified
for examinations, including symptomatic and
asymptomatic plaques

Symptomatic character of lesions! Yes No
Number of patients (n)? 52 39
Age (years)3 67.9 67.7
Sex (n /%)4:
Women 15 (28.85) 12 (30.77)
Men 37 (7115) 27 (69.23)
Coexisting diseases (%)°:
Arterial hypertension 90.2* 68.4
Diabetes type 2 29.4 26.3
Ischaemic heart disease 216 60.3*
PAD 235 28.9
Dyslipidaemia 28.9 13.2
Smoking (%) 70 65
Medications (%)7:
Antiaggregants 75 64.1
Statins 65.4 513
ACE inhibitors 53.8 513
Degree of stenosis (median)8 80% 80%

1Symptomatic character of lesions: yes — plaques collected from patients
after an ischaemic stroke or transient ischaemic attack (TIA); no — plaques
collected from patients without a previous stroke episode. 2Number of
patients (n) — number of patients assigned to particular groups (with symp-
tomatic and asymptomatic plaques). 3Age (years) — age, in years, of patients
assigned to particular groups (with symptomatic and asymptomatic
plaques. 4Sex (n/%) — sex of patients assigned to particular study groups
(number/percentage). *Coexisting diseases (%) — percentage of patients
with particular comorbidities in group with symptomatic and asymptomatic
plaques. °PAD — peripheral artery disease. ACE inhibitors — angiotensin-con-
verting enzyme inhibitors. $Degree of stenosis (median) — median stenosis of
operated carotid arteries, revealed by preoperative ultrasonography

* Significantly more frequently (p < 0.05)

were classified as plaques of stable structure
(Figs. 1A-C, 2). Unstable plaques constituted a signi-
ficant majority (unstable vs potentially unstable and
unstable vs. stable, p = 0.0006 and p = 0.0008 respec-
tively).

No significant difference between the group of
symptomatic and asymptomatic plaques for the
above-described features was found. In patients with
a stroke, unstable plagues constituted 54.9%, poten-
tially unstable 21.6%, and stable 23.5%. Among asymp-
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Fig. 2. Stable plaque with preserved integrity of
the fibrous elements and small calcifications;
Magn. 10x.
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Fig. L Unstable plaque. A) Visible parietal throm-
bus. Mass of thrombus (A); Magn. 10x. B) Visi-
ble intra-plague thrombus. Thrombus embed-
ded in the structure of the plaque (A); Magn.
10x. C) Unstable plaque — visible massive in-
flammatory infiltrations. Vessels surrounded by
inflammatory infiltrations (A); Magn. 10x.

tomatic patients the percentages were 63.2%, 18.4%
and 18.4% respectively (p = 0.7186).

Although individually none of the microscopical-
ly analysed plaque parameters determined a symp-
tomatic character of lesions (Table II), rich plaque vas-
cularization (vasc) and intensive inflammatory
infiltrations (inf) were revealed as features character-
izing potentially unstable and unstable lesions (stable
vs. potentially unstable, stable vs unstable, potential-
ly unstable vs unstable: p¥@s¢ = 0.02 and pf = 0.0003;
pYac = 0.001 and pf < 0.0000; pvasc = 0.8972 and
p'f = 0.1982 respectively).

Both these parameters significantly influenced the
occurrence of parietal coagulation (plaques with pa-
rietal thrombus vs plaques without thrombus: p¥asc =
0.0333, pi"f = 0.0000).

As it appears from the above, there were significant
differences in assessment of the plaque type in a ma-
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croscopic and a microscopic examination (the number
of consistent assessments vs the number of inconsis-
tent assessments, 26 vs. 63 respectively, p < 0.0001).
The divergence especially concerned classification to
the group of unstable plaques, and to a lesser degree
potentially unstable plagues. Over three quarters of
lesions, considered stable in a macroscopic examina-
tion, fulfilled microscopic criteria of instability or po-
tential instability (the number of confirmed stable
lesions vs the number of unconfirmed ones, 13 vs. 51
respectively, p < 0.0001). Conformity of macroscopic
and microscopic assessments of atheromatous plaques
of carotid arteries is presented in Table IIl.

Discussion

Due to the fact that endarterectomy was performed
in patients after a stroke as well as in individuals with-
out previous cerebral vascular episodes, the above
analysis considers both primary and secondary stroke
prophylaxis [10,11,27]. From a clinical point of view,
the unstable or potentially unstable character of pla-
ques is particularly important [6,18,24]. Criteria of insta-
bility of plaques comprise a number of lesions that are
visible only under microscopic examination. They are:
an active inflammatory process within atheromatous
lesions, rich vascularization of plaques, intra-plaque
haemorrhages, a large lipid-necrotic core, an injury of
the fibrous cap, and parietal coagulation [2,22].

Our microscopic examination revealed the intensive
inflammatory component within the analysed lesions.
It is accepted as a main factor for plaque instability. Con-
sidering data from the literature concerning patho-
genesis of atherosclerosis it also seemed justified to
include occurrence of cholesterol crystals in the crite-
ria of instability, and to evaluate the character of fibres
[21,22]. On the basis of the assumed microscopic cri-
teria, the percentage of unstable and potentially
unstable lesions in our material increased considerably,

Table Il. Parameters of microscopic assessment
of atheromatous plaques (logistic regression)

Microscopic parameter 0dds ratio (OR) p

Crystals! 1.5299 0.3913
Fibres2 1.8298 0.1811
Foam cells3 1.9427 0.1779
Inflammatory infiltrations* 0.6240 0.2745
Vessels> 0.8771 0.7347
Intraplague haemorrhages6é 0.5586 0.3472
Thrombus’ 0.8318 0.7278

ICrystals — cholesterol crystals within plaques. 2Fibres — plaque fibres. 3Foam
cells — foam cells within plaques. *Inflammatory infiltrations — inflammatory
component of assessed carotid plaques (infiltration by inflammatory cells).
Vessels — vascularization of assessed carotid plaques. éIntraplague haemor-
rhages — haemorrhages within assessed carotid plaques. “Thrombus — parie-
tal thrombus

from about 30% in a macroscopic evaluation to 80%
in a microscopic one. It should be noted that none
of the microscopic parameters of plaque instability
taken into consideration separately determined the
occurrence of a stroke episode, and so did not deter-
mine the symptomatic character of stenosis caused by
the plaque [3,24]. Hence, a single microscopic parameter
of lesion instability cannot be considered as a predic-
tor of potential stroke. It seems that coexistence of many
microscopic criteria leads to instability. Our results con-
firm the significant role of plaque vascularization and
inflammatory infiltrations [2,17,18,23]. Both these pa-
rameters influenced the occurrence of parietal throm-
bosis, an unquestionable sign of plaque instability.
Discussing the atherosclerotic process, systemic fac-
tors should also be taken into consideration. They may
influence changes in the arterial wall, leading to desta-
bilization of developing lesions [16]. Patients with dis-
orders where inflammatory and immune factors play

Table Ill. Conformity of macroscopic and microscopic assessments of atheromatous carotid plaques

Microscopically stable Microscopically potentially unstable Microscopically unstable

Macroscopically stable 13 14 37
Macroscopically potentially unstable 4 3 5
Macroscopically unstable 2 1 10

Microscopically stable — plaques classified as stable in microscopic assessment. Microscopically potentially unstable — plaques classified as potentially unstable
in microscopic assessment. Microscopically unstable — plaques classified as unstable in microscopic assessment. Macroscopically stable — plaques classified as
stable in macroscopic assessment. Macroscopically potentially unstable — plaques classified as potentially unstable in macroscopic assessment. Macroscopi-

cally unstable — plaques classified as unstable in macroscopic assessment
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a role were excluded from the study. Hence it can be
stated that plaque destabilization in our patients did
not result from involvement of such extravascular
inflammatory-immune factors. Nevertheless, our histo-
pathological study, taking into account the numerous
criteria of instability, revealed a significantly larger per-
centage of potentially unstable or unstable carotid
atheromatous plaques than might be expected based
on ultrasound analyses [1,4,25] or even gross exami-
nation after endarterectomy. It additionally justifies
the use of statins as pleiotropic drugs in stroke pro-
phylaxis. It also constitutes a significant reason for
intensification of anti-inflammatory components
[14,20,28].

Importantly, the distribution of plaque types in the
groups of symptomatic and asymptomatic plaques was
similar. It is possible that if endarterectomy had not
been performed, the appearance of neurological com-
plications in the patients would have only been a ma-
tter of time.

Summing up, each patient with advanced carotid
disease (including those not qualified for endarterec-
tomy) should be treated as a patient with potential-
ly higher risk plaques.

It should also be underlined that pathogenesis of
stroke connected with the potentially unstable plagques
and especially unstable ones seems to be more com-
plex.

While in the case of stable plaques antiaggregation
treatment can be sufficient, in the remaining two cas-
es one should consider using drugs with properties for
stabilizing a plaque, including those with an anti-inflam-
matory action.

Conclusions

Due to the fact that the majority of carotid athero-
matous plaques appear to be unstable or potentially
unstable because of the inflammation and related
mechanisms, apart from antiaggregants and antico-
agulants, inhibitors or agents limiting the role of the
inflammatory-immunological component of athero-
sclerosis should be used in prophylaxis of stroke, and
new therapeutic concepts should be developed.

References

1. AbuRahma AF, Wulu JT, Crotty B. Carotid plague ultrasonic hete-
rogeneity and severity of stenosis. Stroke 2002; 33: 1772-1775.

2. Alsheikh-Ali AA, Kitsios GD, Balk EM, Lau J, Ip S. The vulnerable
atherosclerotic plaque: scope of the literature. Ann Intern Med
2010; 153: 387-395.

164

w

. Baroncini LAV, Filho AP, Ramos SG, Martins AR, Murta LO. Histo-
logical composition and progression of carotid plague. Thromb )
2007; 5: 4.

4. Brevetti G, Sirico G, Giugliano G, Lanero S, De Maio JI, Luciano R,
Laurenzano E, Chiariello M. Prevalence of hypoechoic carotid
plaques in coronary artery disease: relationship with coexistent
peripheral arterial disease and leucocyte number. Vascular Medi-
cine 2009; 14: 13-19.

. Executive Committee for the Asymptomatic Carotid Atheroscle-
rosis Study (ACAS). Endarterectomy for asymptomatic carotid artery
stenosis. JAMA 1995; 273: 1421.

6. Golledge J, Greenhalgh RM, Davies AH. The symptomatic carotid
plague. Stroke 2000; 31: 774-781.

7. Gray-Weale AC, Graham GC, Burnett JR, Byrne K, Lusby RJ. Carotid
artery atheroma: comparison of preoperative B-mode ultra-
sound appearance with carotid endarterectomy specimen pathol-
ogy. ) Cardiovasc Surg 1998; 29: 676-681.

8. Grogan JK, Shaalan WE, Cheng H, Gewertz B, Desai T, Schwarze G,
Glagov S, Lozanski L, Griffin A, Castilla M, Bassiouny HS. B-mode
ultrasonographic characterization of carotid atherosclerotic
plagues in symptomatic and asymptomatic patients. ) Vasc Surg
2005; 42: 435-441.

9. Gronholdt M-LM. Ultrasound and lipoproteins as predictors of
lipidrich, rupture-prone plaques in the carotid artery. Arterioscler
Thromb Vasc Biol 1999; 19: 2-13.

10. Halliday A, Harrison M, Hayter E, Kong X, Mansfield A, Marro J,
Pan H, Peto R, Potter J, Rahimi K, Rau A, Robertson S, Streifler J,
Thomas D; Asymptomatic Carotid Surgery Trial (ACST) Collabo-
rative Group. 10-year stroke prevention after successful carotid
endarterectomy for asymptomatic stenosis (ACST-1): a multicentre
randomised trial. Lancet 2010; 376: 1074-1084.

11. Hellings WE, Moll FL, de Vries JP, Ackerstaff RGA, Seldenrijk KA,
Met R, Velema E, Derksen WJM, De Kleijn DPV, Pasterkamp G.
Atherosclerotic plaque composition and occurrence of restenosis
after carotid endarterectomy. JAMA 2008; 299: 547-554.

12. Hobson RW, Mackey WC, Ascher E, Murad MH, Calligaro KD, Com-
erota AJ, Montori VM, Eskandari MK, Massop DW, Bush RL, Lal BK,
Perler BA. Management of atherosclerotic carotid artery disease:
clinical practice guidelines of society for vascular surgery. J Vasc
Surg 2008; 48: 480-486.

13. Katsuda S, Kaji T. Atherosclerosis and extracellular matrix. J Ath-
eroscler Thromb 2003; 10: 267-274.

14. Kunte H, Amberger N, Bush MA, Ruckert RI, Meiners S, Harms S.
Markers of instability in high-risk carotid plaques are reduced by
statins. J Vasc Surg 2008; 47: 513-522.

15. Lovett JK, Gallagher PJ, Hands LJ, Walton J, Rothwell PM. Histologi-
cal correlates of carotid plaque surface morphology on lumen con-
trast imaging. Circulation 2004; 110: 2190-2197.

16. Lutgens E, Suylen R-J, Faber BC, Gijbels MJ, Eurlings PM, Bijnens AP,
Cleutjens KB, Heeneman S, Daemen MJAR Atherosclerotic plaque
rupture: local or systemic process? Arterioscler Thromb Vasc Biol
2003; 23: 2123-2130.

17. Mofidi R, Crotty TB, McCarthy P, Sheehan SJ, Mehigan D, Keave-

ny TV. Association between plaque instability, angiogenesis and

symptomatic carotid occlusive disease. B J Surg 2001; 88: 945-950.

i

Folia Neuropathologica 2012; 50/2



Carotid atheromatous plagues’ instability. Practical implication of morphologic assessment

18. Redgrave J-E, Lovett JK, Gallagher PJ, Rothwell PM. Histological
assessment of 526 symptomatic carotid plaques in relation to
the nature and timing of ischemic symptomes. Circulation 2006;
113: 2320-2328.

19. Redgrave JN, Gallagher P, Lovett J, Rothwell PM. Critical cap thick-
ness and rupture in symptomatic carotid plaques. The Oxford
Plaque Study. Stroke 2008; 39: 1722-1729.

20. Schélkens BA, Landgraf W. ACE inhibition and atherogenesis.
Can J Physiol Pharmacol 2002; 80: 354-359.

21. Shaalan WE, Cheng H, Gewertz B, McKinsey JF, Schwartz LB,
Katz B, Cao D, Desai T, Glagov S, Bassiouny HS. Degree of carotid
plaque calcification in relation to symptomatic outcome and plaque
inflammation. J Vasc Surg 2004; 40: 262-269.

. Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull W Jr,
Rosenfeld ME, Schwartz CJ, Wagner WD, Wissler RW. A definition
of advanced types of atherosclerotic lesions and a histological clas-

2

N

sification of atherosclerosis. A report from Committee on Vascular
Lesions of the Council on Atherosclerosis, American Heart Asso-
ciation. Circulation 1995; 92: 1355-1374.

23. Staub D, Patel MB, Tibrewala A, Ludden D, Johnson M, Espinosa P,
Jaeger KA, Feinstein SB. Vasa vasorum and plaque neovascula-
rization on contrast-enhanced carotid ultrasound imaging correlates
with cardiovascular disease and past cardiovascular events. Stroke
2010; 41: 41-47.

24. TegosT), Sohail M, Sabetai MM, Robless P, Akbar N, Pare G, Stans-
by G, Nicolaides AN. Echomorphologic and histopathologic char-
acteristics of unstable carotid plaques. Am J Neuroradiol 2000;
21:1937-1944.

. Topakian R, King A, Kwon SU, Schaafsma A, Shipley M, Markus HS.
Ultrasonic plague echolucency and emboli signals predict stroke
in asymptomatic carotid stenosis. Neurology 2011; 77: 751-758.

.Virmani R, Ladich ER, Burke AP, Kolodgie FD. Histopathology of
carotid atherosclerotic disease. Neurosurgery 2006; 59 (5 suppl 3):
219-227.

27. Xiong L, DengY, Bi X, ZHU Y, Shentu W, Yu F, Zhang Y. Evaluation
of carotid atherosclerotic plague stability with contrast-enhanced
ultrasonography. ) Huazhong Univ Sci Technol 2008; 28: 724-726.

28.Yamada K, Yoshimura S, Kawasaki M, Enomoto Y, Asano T, Mina-

2

vl

2

[e)}

toguchi S, lwama T. Effects of atorvastatin on carotid atherosclerotic
plagues: a randomized trial for quantitative tissue characteriza-
tion of carotid atherosclerotic plaques with integrated Backscatter
ultrasound. Cerebrovasc Dis 2009; 28: 417-424.

Folia Neuropathologica 2012; 50/2 165




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


