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Abstract

Background/Aim. Lateral branches of basilar artery most-
ly supply pons and cerebellum. The aim of this study was to
determine the morphological characteristics of lateral
branches and side branches of the individual lateral branch-
es of human basilar artery. Methods. The research was
done on 25 anatomical specimens of adult brainstems, both
sexes, previously fixed by immersion in a 10% formalin. Mi-
crodissection and precise measurements of caliber and
length of the basilar artery were done under the stereolupe
MBS-9 by the ocular micrometer. Results. A number of
lateral branches was 9 on both sides, and the number of side
branches of the individual lateral branch of basilar artery
ranged from O to 4. The average diameter of side branches
on both sides was 0.15 mm while the average length on the
left side was 4.31 mm and 4.06 mm on the right. Side
braches on the left side of the basilar artery most commonly
penetrated pons and postpontine fossa (29.82% each) and
rarely the area of middle cerebellar pedicle (1.74 %). On the
right side, side branches most commonly penetrated pons
(35.29%), and rarely the areas of inferior and middle cere-
bellar pedicle (1.96% each). Conclusion. Maintrunk of basi-
lar artery gives an equal number of lateral branches on both
sides. On average, every lateral branch gives 2 side branch-
es. The most common site of descent of the side branches
is pons, while the rarest one was cerebellar pedicle.
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Apstrakt

Uvod/Cilj. Bocne grane arteriae basilaris u najvisem procen-
tu vaskulatizuju pons i cerebellum. Cilj rada bio je odredivanje
morfoloskih karakteristika bo¢nih grana i boc¢nih ogranaka
pojedinac¢nih bocnih grana arteriae basilaris coveka. Metode.
Ispitavanje je obavljeno na 25 anatomskih preparata mozda-
nih stabala odraslih osoba, oba pola, prethodno imerziono
fiksiranih u 10% formalinu. Mikrodisekcija 1 precizno mere-
nje kalibra i duzine arteriae basilaris i njenih bocnih grana i
ogranaka radeno je pod stereolupom MBS-9, uz pomoé
okularnog mikrometra. Rezultati. Broj bocnih grana izno-
sio je 9 na obe strane, a broj bo¢nih ogranaka pojedinih
boc¢nih grana arteriae basilaris kretao se od 0 do 4. Prosecan
pre¢nik bocnih ogranaka na levoj i desnoj strani iznosio je
0,15 mm. Prosecna duzina bocnih ogranaka na levoj strani
bila je 4,31 mm, a na desnoj 4,06 mm. Bo¢ni ogranci na le-
voj strani bazilarne arterije najce$ce su ponirali u predelu
pons 1 fossa postpontina (po 29,82% slucajeva), a najrede u
podrucje pedunculus cerebellaris medins (1,74% slucajeva). Na
desnoj strani, boc¢ni ogranci najces¢e su ponirali u pons
(35,29% slucajeva), a najrede u podrucje pedunculus cerebellaris
inferior et medins (po 1,96% slucajeva). ZakljuCak. Od glav-
nog stabla arteriae basilaris obostrano se odvaja jednak broj
boc¢nih grana. Bo¢ne grane arteriae basilaris u najveéem broju
slucajeva davale su po dva boc¢na ogranka. Najc¢esée mesto
poniranja bo¢nih ogranaka pojedina¢nih bo¢nih grana arters-
ae basilaris obostrano je pons, a najrede obostrano, kraci ma-
log mozga.

Kljuéne reci:
a. basilaris; anatomija; moZdano stablo; pons.

Introduction

Basilar artery (BA) arises from the confluence of two
vertebral arteries at pontomedullary sulcus between the left

and right abducens nerve. It extends to the upper part of the
pontine cistern, lying in a shallow groove that limits pyrami-
dal eminence of the pons. Diameter of the BA is mostly con-
stant and below the origin of superior cerebellar artery
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(SCA) is around 4.1 mm. Length of the BA ranges from 15
to 40 mm (32 mm in average). In the caudal part of the inter-
peduncular cistern, the BA divides into 2 posterior cerebral
arteries ' °. Number of lateral branches of the BA is some-
what larger on the left side- ranging from 5 to 10 (an average
of 8) while on the right side ranges from 4 to 9 (7 in average)
* Lateral branches of the BA are: anterior inferior cerebellar
artery (AICA), SCA, labyrinthine artery (LA) and many
branches for medulla oblongata and pons (pontine arteries).
Variations in lateral branches were also seen. For example,
posterior inferior cerebellar artery (PICA) may rise from the
BA, while the LA may have origin from the SCA "*°. Some
authors categorize branches of the BA into paramedian and
short and long circumferential arteries. Paramedian arteries
originate from the dorsal side of the BA and supply the me-
dial area of the pons, including pontine nuclei, pyramidal and
corticonuclear tract, and part of the medial lemnisci. Teg-
mental, basal and tegmentobasal pontine infarctions are
caused by diseases of paramedian branches of the BA. About
60% of infarcts of the pons are paramedian infarctions " °.
Short circumferential branches supply the anterolateral area
of the pons. Some branches of these arteries can supply the
upper cerebellar pedicle. Long circumferential branches sup-
ply the lateral part of the pons, and form anastomoses with
branches of the AICAs and SCAs "*.

Detailed knowledge of the morphological characteris-
tics of the BA and its lateral branches significantly contrib-
utes to the understanding of the origin and consequences of
pathological conditions in areas supplied by these blood ves-
sels.

The aim of the study was to determine the following
morphological characteristics of lateral branches of human
BA: length, diameter and descending point of lateral branch-
es of the BA; the number of side branches of the individual
lateral branches of the BA, distance of their origin from the
main trunk of the BA, length, diameter and place of descent
of the side branches of the individual lateral branches of the
BA.

Methods

The study was approved by the Ethics Committee of the
University Clinical Center of the Republic of Srpska. The
study was carried out on 25 adult brains, both sexes, aged
from 35 to 85 years, who died without diagnosed neurologi-
cal disease. The material was collected at the Department of
Pathology, University Clinical Center of the Republic of
Srpska. Using conventional autopsy technique, brains were
extracted from the cranial cavity, 24—48 hours after death.
Out of the brain tissue were allocated brain stem and sub-
merged in 10% formalin solution for 30-day fixation. Fine
preparation of arteries was performed with microsurgical
forceps and microscissores under the stereoloupe (MBS-9,
Carl Zeiss, Germany) by the ocular micrometer with X8
magnification. Numbering of lateral branches of the BA was
carried out from the beginning of the BA (confluence of ver-
tebral arteries) to the bifurcation of the main tree of the BA.
The following parameters were measured: diameter at the
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starting point of lateral branches, their size and location of
descent. Accurate measurement of the distance separating the
side branches of the lateral branches in relation to the main
trunk of the BA and their caliber and length was done under
stereolupe and ocular micrometer with the same magnifica-
tion. One researcher made 3 independent measurements of
all analyzed parameters and these results were used to cal-
culate average values. The results were analyzed by the
methods of descriptive statistics. Statisical analysis was done
with SPSS software version 16 (SPSS Inc, Chicago, USA).

Results

In this study, we found 9 lateral branches of the BA on each
side. Figure 1 shows the BA and some of its lateral branches.

Fig. 1 — Lateral branches of basilar artery (BA):

1- BA, 2-vertebral artery, 3-anterior inferior cerebellar
artery (AICA), 4-pns, 5-medulla oblongata, 6-cerebellum.
The arrows: a-eighth left lateral branch; b —seventh left
lateral branch; c - sixth left lateral branch; d- fifth right
lateral branch; e - fourth right lateral branch; f - third
right lateral branch.

The average length of lateral branches of the BA in the
anatomic samples fixed in formalin was 9.98 mm on the left
side and 10.11 mm on the right side. The average diameter of
the starting points of lateral branches of the BA on the left
side WAs 0.41 mm, while on the right side was 0.42 mm.
Lateral branches of the BA in most cases both sides pene-
trated into the area between the midbrain and cerebellum.

The average values of morphological parameters of all 9
lateral branches of the BA, level of origin from the beginning of
the BA, length, diameter and place of descent are presented in
Table 1. Number of side branches of the individual lateral
branches of the BA ranged from 0 to 4, an average of 2 side
branch. The average diameter of the side branches on the left
and the right side was 0.15 mm. The average length of the side
branches on the left side was 4.31 mm, while on the right was
4.06 mm. Side branches on the left of the BA in 29.82% of cases
penetrated pons and postpontine fossa, in 14.03% prepontine
fossa, in 8.77% cerebellum and the basilar sulcus, in 7.01% root
of the trigeminal nerve and in 1.74% of cases area of the middle
cerebellar peduncle. Side branches on the right side of the BA
most commonly penetrated pons, in 35.29% of cases, followed



Page 600

VOIJNOSANITETSKI PREGLED

Vol. 75, No 6

by postpontine fossa in 25.49% of cases, prepontine fossa in
15.68% of cases, basilar sulcus in 9.8% of cases, cerebellum in
5.88% of cases, the root of the trigeminal nerve in 3.92% of cas-
es and areas of middle and inferior cerebellar peduncle in 1.96%
of cases each.

The first left lateral branch originated at the average
distance of 2.91 mm (range 0.5-6.7) from the beginning of
the BA. Its length was 7.4 mm on average (range 2.1-12.5),
and diameter 0.3 (average 0.1-1.2 mm). The first right side
branch originated somewhat nearer the beginning of the BA

— 2.77 mm (range 0.5-7.5); it was longer than the first left
side branch (8.38 mm, range 2.1-26.5) while the diameter
was pretty similar 0.29 mm (range 0.1-1.1). Bilaterally the
first branches of the BA penetrated the postpontine fossa.

Most commonly, lateral branches of the BA showed no
side branches. Eight lateral branch on the right side did not
give any side branches in all analyzed samples. Eight left and
ninth right lateral branches in 92% of each did not give side
branches. Second left lateral branch of the BA most com-
monly gave side branches (Table 2).

Table 1

Morphological characteristics of lateral branches of the basilar artery (BA)

Level of separation

Lateral branch- from the beginning

Length (mm)

Diameter of

lateral branches Place of descent

e of the BA (mm) origin point (mm)
1
left 2.91 (0.5-6.7) 7.41 (2.5-12.5) 0.3 (0.1-1.2) Postpontine fossa
right 2.77 (0.5-7.5) 8.38 (2.1-26.5) 0.29 (0.1-1.1)
11
left 5.86 (2.3-11.8) 12.75 (1-36.5) 0.44 (0.1-1) Cerebellum
right 5.42 (1.1-11.3) 15.95 (1.2-44.4) 0.55(0.2-1.1)
11
left 8.35(5.7-13.3) 10.02 (0.2-33.4) 0.43 (0.1-1.5) Pyramidal eminence
right 7.97 (2.6-15.4) 8.74 (0.7-32.4) 0.34 (0.1-0.9)
v
left 10.34 (6.2-14.5) 9(1-32.3) 0.25 (0.1-0.7)
right 10.45 (5.6-16.1) 7.63 (0.5-27.4) 0.23 (0.1-0.5)
\'
left 12.51 (8.6-16.7) 6.94 (0.2-13.5) 0.27 (0.1-0.8)
right 12.29 (7.1-17.8) 6.53 (0.5-13.6) 0.24 (0.1-0.5)
VI
left 13.37 (9.7-17.1) 8.79 (1.2-19.4) 0.33 (0.1-0.9) Between midbrain and cerebellum
right 13.47 (8.6-18.1) 10.45 (1.1-14.7) 0.28 (0.1-0.9) Lateral side of the pons
VII
left 13.71 (10.4-18.1) 10.79 (2.5-17.6) 0.43 (0.1-1) Between midbrain and cerebellum
right 14.34 (10.1-18.3) 9.55(7.1-18.5) 0.55(0.2-1)
VIII
left 14.86 (11.2-18.4) 11.79 (2.1-16.2) 0.53 (0.1-1)
right 1522 (11.2-18.3) 10.45 (5.1-17.1) 0.61 (0.2-0.9)
X
left 15.66 (13.4-18.6) 12.34 (7.4-16.2) 0.72 (0.3-0.9)
right 14.8 (12.2-18.5) 13.37 (13.1-13.6) 0.73 (0.6-0.9)

*Note: the values are given as mean values (minimum—-maximum).

Table 2
Percentage of cases in each lateral branch without side branches
Side Unbranched lateral branch (%)
1I v \ VI VII VIII IX
left 76 48 88 88 80 80 92 88
right 76 68 64 84 80 72 100 92

Note: I-IX — number of lateral branches.

Morphological characteristics of lateral branches of the
BA which gave only one side branch are presented in Table
3. The fourth right lateral branch most frequently (32%) gave
one side branch, while the ninth right and left lateral branch-
es rarely gave one side branch (4% each). The shortest dis-
tance of origin was seen in first left side branch (4.1 mm),
while the longest distance was seen in the second right side
branch (21.38 mm). Regarding the length, the shortest side

branch was the sixth on the right side (1.63 mm), while the
longest was the third right side branch (9.48 mm). The di-
ameter of side branches ranged from 0.1 to 0.3 mm.

Regarding the presence of 2 side branches, the fifth and the
eight lateral basilar branch showed no side branches on both
sides. Other arteries more commonly had side branches on the
left side. The second left and the third right lateral branches of
the BA, most commonly, gave two side branches (Table 4).
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Regarding the presence of 3 or 4 side branches, in most
studied samples they were absent. The second right and the
ninth left lateral branch gave three side branches in 8% of
each, while the fourth, sixth, seventh and eighth lateral

branch did not give three side branches at all. Second left
side branch gave four side branches in 8% of cases, third on
the left side in 4% of cases, while other lateral branches did
not give four side branches (Table 5).

Table 5

Presence (in percentages) of three and four side branches of individual lateral basilar artery (BA) branch

Individual lateral BA

Parameter

1 11 111 v \ VI VII VIII IX

Three side branches

left 0 4 4 0 0 0 0 0 8

right 4 8 4 0 4 0 0 0 0
Four side branches

left 0 8 4 0 0 0 0 0 0

right 0 0 0 0 0 0 0 0 0
Discussion which is somewhat similar to the results of Saeki and Rhoton

BA gives important perforating branches into the pons.
Cranial part of the BA is filled by internal carotid artery
through the posterior communicating arteries *. Demel and
Broderick °, divided the BA into 3 segments: the proximal,
middle and distal segment. The distal segment is divided into
posterior cerebral arteries that supply the occipital lobes, the
lower parts of the temporal and medial parts of parietal lobes
and thalamus. Other important branches of the BA are the
SCA and AICA. Dodevski et al. '°, reported that the SCA
separated from the distal segment of the BA in 96.33% of the
cases. The authors presented a possibility of unilateral dupli-
cation of the SCA in 1.83% of cases which was not con-
firmed in the results of our study.

In the current literature there is a little amount of data
about the morphology of lateral branches of the BA. Avail-
able information relates to the "rough" morphology of blood
vessels, without their detailed description ''. In our previous
study, we examined the morphological characteristics of the
main tree of the BA. We found that the average length of the
BA was 27.63 mm and the diameter 3.16 mm *. Saeki and
Rhoton ' published similar results: in their samples, the av-
erage length of the BA was 32 mm, diameter 4.1 mm and
number of lateral branches was 8 on average. In our samples
we described 9 lateral branches of the BA on the left and
right side. According to the place of descent and the level of
separation from the BA, 9 lateral branch could be marked as
the SCA. Marinkovi¢ et al. " analyzed the perforating
branches of the BA and divided them into 3 groups: caudal
(lateral branches which originate from the beginning of the
BA to the place of origin of the AICA), middle (lateral
branches which originate from the beginning of the AICA to
the rostral third of the BA) and rostral (branches from the
terminal part of the BA). They described 2 to 5 caudal perfo-
rating branches (out of which 1 or 2 originating from the
AICA), 5 to 9 perforating branches originating from the
middle group, while 1 to 5 originating from rostral part of the
BA (out of which 1 or 2 originating from the first part of the
SCA). Range of diameters was 0.08 to 0.9 mm . The aver-
age diameter of these branches in our study was 0.725 mm,

"2 who published the range of diameter of lateral branches

from 0.1 to 0.5 mm ", Dodevski et al. '’ had significantly
larger average diameter in their study of 1.42 mm. The dif-
ferences could be explained by the different number of sam-
ples and visualization technique.

Diseases of blood vessels are the most common causes
of death in human population. Changes in brain vessels are
not only caused by age, but also by an increasing number of
risk factors and a modern way of life ' '*. Patients with the
untreated BA stenosis have a bad prognosis, with the posi-
bility for infarction in 50% of patients within the first 2
years . Culafi¢ et al. ' showed a case of a patient with 85%
of the BA stenosis, located in the caudal segment of the BA,
3.27 mm in length. Knowledge of the morphological char-
acteristics of the BA, its lateral branches and side branches is
important in understanding the ischemic lesions of the cere-
bellum, pons and medulla oblongata. The incidence of is-
chemic diseases of the brain, caused by the occlusion of the
arteries of the posterior segment of Willis hexagon, is 15—
20% of cases and ischemia caused by the BA occlusion is
reported in 1-4% of cases in respect of all ischemic brain le-
sions ” . Distally from the place of occlusion, the BA can
be filled through the vertebral arteries '*. Paramedian pontine
infarction, caused by thrombosis and arterial perforation,
manifests as facial hemiparesis with dysarthria and somato-
sensory disorders. Motor damage in paramedian basal in-
farction follows the topographic distribution of the pyramid
tracts. Due to somatotophic organization of corticospinal
tract at the base of the pons, fibers in the upper part of the
pons are not affected by paramedian ischemia, and therefore
such patients have better prognosis than those with infarction
in the lower part of the pons '” *°. Park et al. > examined
morphological characteristics of talamoperforating arteries
and their clinical significance in the field of neurosurgery
and neurology. Their research emphasized the necessity of
precise knowledge of morphological characteristics of the
BA and its lateral branches.

Since formalin fixation might cause some retraction or
shrinkage of the tissue, samples used in this study do not rep-
licate completely the tissue response in vivo. Although we

Gajanin V, et al. Vojnosanit Pregl 2018; 75(6): 598—603.
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made every effort to avoid side effects of such fixation, it
was difficult to predict how they would influence the results.
It could be useful to compare the results of morphometric
studies made in vivo and on formalin-fixed samples in order
to determine the reproducibility and reliability of results in
cadaveric samples. Also, samples in this study were fixed
without previous perfusion and impregnation with omni-
paque and gelatine, which might have caused differences in
length and diameter of vessels compared to the other studies.

Conclusion

Number of lateral branches of the BA was 9 on the left
and the right side. The average length of lateral branches of
the BA in anatomic samples fixed in formalin on the left side

was 9.98 mm, and 10.11 mm on the right side. The average
diameter of the starting points of lateral branches of the BA
on the left side was 0.41 mm, while on the right was 0.42
mm. Lateral branches of the BA in most cases on both sides
penetrate into the area between the midbrain and cerebellum.

Number of side branches of the individual lateral
branches of the BA ranged from 0 to 4, an average of 2 side
branches.

The average diameter of the side branches on the left
and the right side was 0.15 mm. The average length of the
side branches on the left side was 4.31 mm, while on the
right side was 4.06 mm.

Side branches of the lateral branches on the left side of the
BA in most cases, plunged into the pons and fossa postpontina
and on the right side of the BA they plunged into the pons.

REFERENCES

1. Dmverngy HM, Delon S, Vannson JL. Cortical blood vessels of
the human brain. Brain Res Bull. 1981; 7(5): 519-79.

2. Marinkovié S, Milisavijevic M, Antunovié 1. Arterije mozga i
kicmene mozdine - anatomske i klinicke karakteristike. Beo-
grad: Bit inZenjering; 1990. (Serbian)

3. Duverngy HM. Human brain stem vessels. Berlin: Springer-Ver-
lag; 1978.

4. Gajanin V. Vaskularizacija pons-a ¢ovjeka [thesis|. Banjaluka:
Faculty of Medicine, University of Banjaluka; 2003. magistarski
rad. (Serbian)

5. Kryukov Al, Kunel'skaya NL, Krylov V'V, Vinokurov AG, Tsarap-
kin GY, Mishchenko 1717, et al. The specific features of the ana-
tomical structure of the artery of labyrinth (an anatomical and
topographical study). Vestn Otorinolaringol 2015; 80(5): 30-3.
(Russian)

6. Field TS, Benavente OR. Penetrating artery territory pontine in-
farction. Rev Neurol Dis 2011; 8(1-2): 30-8.

7. Duverngy HM. The human brainstem and cetebellum: sutface,
structure, vascularization, and three-dimensional sectional
anatomy with MRI. Austria, Vienna: Springer-Verlag; 1995.

8. Garca-Gonzalez U, Cavalcanti DD, Agrawal A, Spetzler RF, Prenl
MC. Anatomical study on the "perforator-free zone": Recon-
sidering the proximal superior cerebellar artery and basilar ar-
tery perforators. Neurosurgery 2012; 70(3): 764-72 ; discus-
sion 771-2.

9. Demel SI, Broderick JP. Basilar Occlusion Syndromes: An Up-
date. Neurohospitalist 2015; 5(3): 142-50.

10. Dodevski A, Tosovska-Lagarova D, Zbivadinovik ], Lazareska M,
Stojovska-Jovanovska E. Morphological characteristics of the su-
perior cerebellar artery. Sec Med Sci 2015; 36(1): 79-83.

11. Kwiatkowska M, Ciszek B. The anatomy of the median branches
of basilar artery. Folia Morphol (Warsz) 2000; 59(4): 323-5.

12. Saeki N, Rhoton AL. Microsurgical anatomy of the upper basi-
lar artery and the posterior circle of Willis. ] Neurosurg 1977;
46(5): 563-78.

Gajanin V, et al. Vojnosanit Pregl 2018; 75(6): 598—603.

13. Marinkovié SV, Gibo H, Hirohiko MD. The surgical anatomy of
the perforating branches of the basilar artery. Neurosurgery
1993; 33(1): 80-7.

14. Parent A. Carpentet's human neuroanathomy. 9th ed. Balti-
more: Williams and Wilkins; 1996.

15. de Rochemont RM, Turowski B, Buchkremer M, Sitzer M, Zanella
FE, Berkefeld J. Recurrent symptomatic high-grade intracranial
stenoses: Safety and efficacy of undersized stents-initial experi-
ence. Radiology 2004; 231(1): 45-9.

16. Cﬂ/ﬂﬁf’ S, Lakiteviéc N, Mibajloviéc M, Stefanovié D, Spaié M. Stent-
ing for symptomatic high-grade basilar artery stenosis. Vojno-
sanit Pregl 2009; 66(9): 744-8.

17. Knap D, Honkowicz M, Kirmes I, Koroiiski M, Kysiak M, Bukariski
M, et al. The use of mechanical thrombectomy in the treat-
ment of basilar artery occlusion: Case report. Neurol Neuro-
chir Pol 2015; 49(5): 332-8.

18. Sato S, lida H, Hirayama H, Endo M, Ohwada I, Fujii K. Trau-
matic basilar artery occlusion caused by a fracture of the cli-
vus-case report. Neurol Med Chir (Tokyo) 2001; 41(11):
541-4.

19. Richardson PG. Basilar artery thrombosis. Emerg Med (Freman-
tle) 2001; 13(3): 367-72.

20. Milisavljevié MM. Morfoloske i topografske karakteristike zadnje
mozdane arterije [thesis]. Belgrade : University of Belgrade;
1986.(Serbian)

21. Park SQ, Bae HG, Yoon SM, Shim ]J, Yun 1G, Choi SK. Morpho-
logical characteristics of the thalamoperforating arteries. | Ko-
rean Neurosurg Soc 2010; 47(1): 36—41.

Received on June 30, 2016.
Revised on October 2, 2016.
Accepted on October 4, 2016.
Online First December, 2016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'GoranCMYK2400'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


