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ABSTRACT

There is scarce data in the contemporary literature regarding the correlation of the microanatomy of the
perforating arteries, their atherosclerosis, and the ischemia in their territory. In order to examine, at least
partially, those parameters, the perforating arteries of 12 brains were microdissected or their vascular casts
were obtained. In addition, 30 specimens of the perforators were used for a histological and immunohis-
tochemical study. Finally, radiological images of 14 patients with deep cerebral infarcts were examined
following a selection among 62 subjects. It was found out that certain groups of the perforators ranged
in number between 0 to 11 (1.1-8.4 on average). In addition to the origin from the parent vessels, some
of the perforators also arose from the leptomeningeal branches. Occlusion of such a branch may result in
both a superficial and a deep ischemic lesion. Besides, the common stems of certain perforators supplied
both right and left portions of the corresponding brain regions. Occlusion of such a common trunk leads
to bilateral infarction. The atherosclerosis of the perforating vessels, which was found in one third of the
specimens, is the basis for the ischemic lesions development on their territory. Among the 62 patients with
ischemic lesions, 14 had a deep cerebral infarcts, most often within the thalamus, as well as on the territory
of the middle cerebral and the anterior choroidal artery perforators of the hemispheres. Our study showed
that a strong correlation exists between certain microanatomical features, atherosclerosis, and region of
supply of the perforating arteries, on the one hand, and location of the ischemic lesions on the other hand.
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INTRODUCTION

The largest cerebral arteries, that is, the ver-
tebral artery (VA), basilar (BA), posterior cere-
bral (PCA), posterior communicating (PComA),
internal carotid (ICA), anterior communicating
(AComA), anterior cerebral (ACA) and middle
cerebral artery (MCA), give rise to two main
groups of branches, i.e. the superficial or leptome-
ningeal (pial), and the deep or perforating vessels

(perforators) [1-4]. The former branches perfuse
the peripheral parts of the cerebral and cerebellar
hemispheres, portions of the diencephalon, and
the superficial part of the brain stem [2-3].

On the other hand, the perforating vessels,
which mostly arise from the initial segments of
the large cerebral arteries, supply the central re-
gion of the cerebral hemisphere, the cerebellar
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roof nuclei, portions of the diencephalon, and the
paramedian part of the brain stem [2, 5-11]. Oc-
clusion of one or more of the perforating arteries
causes a deep ischemic lesion, whilst a rupture of
one of them results in intracerebral hemorrhage
[12-16 ]. The cerebral atherosclerosis, which is
the most frequent cause of the mentioned two
types of strokes, was very rarely examined in
the perforating arteries [12, 17]. Similarly, there
is insufficient data concerning the relationship of
the supply region of the perforating vessels and
the infarctions on their territory [18-21].

Accordingly, the aim of our study was,
firstly, to examine the post mortem frequency of
the atherosclerotic changes in a group of older
individuals and, secondly, to correlate the char-
acteristics of the perforating arteries in the ana-
tomical specimens and the location of the central
ischemic lesions diagnosed radiologically in a
selected group of patients.

MATERIAL AND METHODS

The arteries of 10 brains, obtained during
routine autopsies, were perfused with India ink
and gelatine, and fixed in a 10% formaldehyde
solution for 3 weeks. None of the individuals
had any neurological diseases. The arteries of
the brains were then carefully dissected under
the stereoscopic microscope using neurosurgical
microinstruments. The dissection comprised not
only the extracerebral, but also the intracerebral
segments of the perforating vessels in order to
determine their supply region as closely as pos-
sible. The additional 2 brains were injected with
methylmethacrylate, and then immersed in 30%
potassium hydroxide for five days to obtain the
arterial vascular casts. All of the procedures were
approved by the authorities of the Institute of Pa-
thology, and by the Ethics Committee of the Uni-
versity Clinical Center.

From another group of 10 autopsic brains,
whose large cerebral arteries macrosopically
showed a high degree of atherosclerosis, 30 ex-
tracerebral segments of the BA, PCA, and MCA
perforating branches were taken for microscopic
examination. Each segment, following routine
dehydration and clearing, was embedded in par-
affin and sectioned serially in 5 um-thick slices.
Every tenth slice was stained with hematoxylin
and eosin, whilst each eleventh and twelfth slice
were used for immunohistochemical examination

by applying the selected primary antisera accord-
ing to the usual procedure [22]. All slices were
treated for antigen retrieval prior to staining. The
slices were stained for two antigens, i.e. alpha
actin of the smooth muscle cells and collagen IV,
respectivelly, by the streptavidin-biotin peroxi-
dase complex method using as chromogens 3-ami-
no-9-ethylcarbazole. The sections were counter-
stained with Mayer’s hematoxylin. The intensity
of staining was evaluated semiquantitatively by
two independent investigators. Finally, 14 arterial
specimens of 10 additional brains, with an absence
or a low degree of the visible atherosclerosis, were
used as a control group.

As for the radiological material, a retro-
spective examination of the serial computerized
tomographic (CT) scans (including two sets of
the multislice CT scans), and magnetic resonance
imaging (MRI) of 62 patients from the Radio-
logical Department of the Sveti Sava Clinic was
performed. The MRI examination was performed
in both T1- and T-2 weighted sequences. The pa-
tients (39 males and 23 females) aged from 42 to
76 years (mean, 67.2). The examination was ap-
proved by the authorities of the Sveti Sava Clinic,
and the Ethics Committee of the University Clin-
ical Center. Fourteen patients from the mentioned
group were selected based on the presence of deep
ischemic cerebral lesions. The precise neuroradio-
logical location of each lesion was determined.
Unfortunately, angiography was not performed
in any of the patients.

Finally, the statistical analysis comprised a
range of certain parameters, as well as the count-
ing of their mean values.

RESULTS

Three domains will be described in this
section: the microanatomical features of the per-
forators, their atherosclerosis, and the location of
deep ischemic lesions.

Microanatomical characteristics

The features of the perforating vessels in 12
brains were examined in an ascending order, i.e.
from the vertebral artery inferiorly to the anterior
cerebral artery superiorly.

The VA perforating branches, from 1 to 3
in number (mean, 3.2) (Table 1), were noticed in
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62.5% of the cases. They arose directly from the
right and/or left VA, but also from the roots of the
anterior spinal artery and the latter artery itself.
The origination from the adjacent posterior inferi-

Figure 1.

or cerebellar artery was not found. The perforating
vessels penetrated the foramen caecum and the
anterior median sulcus of the medulla oblongata,
and supplied its paramedian part all the way to
the rhomboid fossa.

The BA perforators (Figure 1), which were
constant vessels, ranged between 3 and 7 in num-
ber (Table 1). They always originated directly
from the BA, but one or more of them also arose
(83.3%) in common with the short (anterolateral)
pial vessels, or from the long pial arteries, such
as the inferiolateral pontine, the superolateral
pontine, or the posterolateral pontine branches,
including the anterior inferior cerebellar and the
superior cerebellar arteries (Figure 1). The caudal
perforators entered the mentioned foramen cae-
cum, the middle ones penetrated the edges of the
pontine basilar sulcus, whilst the rostral vessels
entered the most caudal part of the interpeduncular
fossa. Nevertheless, the perforators supplied the
paramedian region of the pons.

Table 1. Number of perforating arteries

No. of Parent | Number of perfora-
specimens artery tors: range (mean)

24 VA 1-3(3.2)

12 BA 3-7(5.9)

24 PCA (P1) 1-6 (3.1)

24 PCA (P2) 1-9(5.1)

24 PComA 1-2 (1.1)

24 ICA 1-5(2.2)

24 AChA 3-6 (4.1)

12 AComA 1-4 (2.1)

24 ACA 1-4 (2.9)

24 MCA 1-11 (8.4)

There are two distinct groups of the perfo-
rating branches of the posterior cerebral artery, i.e.
the thalamoperforating (TPA) and the thalamoge-
niculate arteries (TGA) (Figure 2).

The TPA perforators most often (91.7%)
originated from the initial (P1) segment of the
right and the left PCA (Figure 2). In the remaining
specimens (8.3%), they arose only from the right
or the left P1 segment, respectively, in which case
a large common trunk of the perforators was no-
ticed on the opposite side. In addition, one or more
vessels originated from certain side branches,
especially from the crural or peduncular vessels
(37.5%) of the PCA. The TPA may also arise by
their own common trunks (70.8%). One or more
anastomoses involving the perforating vessels
were observed in 62.5% of the cases.

Two sub-groups of the TPA perforators
were distinguished, the mesencephalic and the
diencephalic. The mesencephalic TPA entered the
caudal part of the interpeduncular fossa or the
medial part of the cerebral peduncle, and they
perfused the paramedian and the central part of

Figure 2.
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the midbrain. The diencephalic TPA penetrated
the rostral part of the mentioned fossa, usually
just behind the mammillary bodies. They supplied
mainly the medial part of the thalamus (Figure 5).

The TGA perforators (Figure 2), which were
from 1 to 9 in number (Table 1), arose from the
distal part of the PCA, most often from its P2

Figure 3.

Figure 4.

segment, and rarely from the P3 segment. They
infrequently (12.4%) originated from the PCA
branches, i.e. the temporal twigs, or the calcar-

ine or the parieto-occipital arteries. The anasto-
moses involving the perforators were present in
over a half of the specimens (54.2%). The TGA
most often penetrated the posterolateral part of
the thalamus, including the pulvinar, which they
supplied to a larger extent (Figure 3). They also
perfused the medial geniculate body, parts of the
subthalamus, and a portion of the posterior limb
of the internal capsule. The remaining parts of
the thalamus, except for the mediodorsal nucle-
us, were nourished by some other PCA branches,
especially the medial and lateral posterior choroi-
dal arteries, but they are not typical perforators
(Figures 3 and 4).

The posterior communicating artery gave
rise to one typical perforating branch, i.e. the
premamillary artery (PMA) (Figure 4). This vessel
had occasionally one or two anastomotic channels
with the adjacent hypothalamic vessels. The PMA,
after originating from the PComA, entered a trian-
gular region surrounded by the cerebral peduncle,
the mamillary body, and the optic tract. The PMA
nourished the posterior part of the hypothalamus,
the medial part of the subthalamus, and the ante-
rior part of the thalamus (Figure 3).

The internal carotid artery, i.e. its supracli-
noid (C4) segment, gave rise to 2.2 branches on
average (Table 1). These perforators most often
arose from the posterior ICA wall, closer or further
to its bifurcation site. Besides, one of them was
seen to arise from the origin site of the anterior
choroidal artery in 8.3% of the specimens. The
ICA perforators entered the rostral and medial part
of the anterior perforated substance, just lateral
to the optic chiasm. They most often supplied
the genu of the internal capsule, and the adjacent
part of the medial segment of the globus pallidus.

The AChA perforators (Figure 4) most fre-
quently arose from the cisternal segment of the
parent artery, i.e. in front of the choroid plexus,
either directly or, less frequently (29.2%), from the
uncal or parahippocampal branches of the AChA.
The perforators entered soon the most caudal part
of the anterior perforated substance, usually along
the optic tract, and rarely (4.2%) through the tract
itself. They were noticed to mainly supply parts
of the medial and lateral segments of the globus
pallidus, the retrolenticular portion and the ventral
part of the posterior limb of the internal capsule,
the most caudal part of the putamen, and the sub-
thalamic nucleus. We were not sure whether they
perfused the lateral part of the thalamus, close to
the internal capsule.
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The AComA twigs, which were always
present, may originate directly from the parent
vessel, but also from the junction of the AComA
and ACA, or from a pial branch, i.e. the subcallo-
sal artery. These twigs usually supplied the lamina
terminalis, the median part of the anterior commis-
sure, the columns of the fornix, and the preoptic
region of the hypothalamus.

The ACA always give rise to the typical per-
forating branches, which arose from its proximal
(A1) segment near the carotid bifurcation, and
the recurrent artery of Heubner, which originated
close to the anterior communicating artery. Both
types of the perforating vessels averaged 2.9 in
number (Table 1). They penetrated the most ros-
tral part of the anterior perforated substance. The
vessels were noticed to nourish the anterior and
inferior portion of the putamen and the head of
the caudate nucleus, the lower part of the anterior
limb of the internal capsule, and the rostral part
of the basal forebrain.

Figure 5.

The MCA gave rise to the largest number
of the perforating arteries (Figure 4) (Table 1),
which always arose directly from its proximal
(M1) segment. However, one or more of these
lenticulostriate vessels were found to originate
from certain MCA pial branches, especially from
the temporal twigs or the lateral orbitofrontal ar-
tery. The MCA perforators converged toward the
carotid bifurcation and often entered both the
medial and lateral part of the anterior perforating
substance. They were noticed to perfuse most of
the upper part of the internal capsule, and partially
the lower portions of the anterior and posterior
limbs, as well as the superolateral portion of the
head of the caudate nucleus, part of the lateral
segment of the globus pallidus, the largest portion

of the putamen, small parts of the claustrum, and
finally the innominate substance.

Atherosclerosis

Among the 10 patients with cerebral athero-
slecoris, the corresponding changes were noticed
in the perforating arteries wall in 3 cases, but not
in the control group. In two of of the 3 specimens,
the initial phases of atherosclerotic process were
noticed, that is, an accumulation of certain cells
within the subendothelial space, i.e. between the
endothelial lining and the internal elastic lamina
(Figure 5). The cellular elements mainly repre-
sented the smooth muscle cells, as confirmed by
immunohistochemical staining for alpha actin of
the smooth muscle cells (Figure 1). In the third
patient, a typical atheroma was found in a perfo-
rating branch of the middle cerebral artery (Figure
6). The atheroma contained smooth muscle cells,
fibroblasts, some detritus, and collagen IV. The
internal elastic lamina was split sporadically.

500

Figure 6.

Figure 7.
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Figure 8.

Location of the ischemic lesions

Among the deep ischemic lesions in 14 pa-
tients, 1 was found in the pons, 1 in the midbrain, 4
in the thalamus, and the remaining 8 in the central
hemispheric region.

Regarding the pontine and mesencephalic
ischemic zones, they were noticed in their lateral
part. One of the thalamic lesions was located in
the lateral part of the thalamus (Figure 7), and the
other two in the medial region. A double lesion
was observed in one patient (Figure 8).

Among the 8 ischemic zones within the cere-
bral hemispheres, 1 was positioned in the extreme
capsule. The next 2 smaller infarcts were noticed
in the posterior area of the central hemispheric
region. One of them occupied the caudal por-
tion of the posterior limb of the internal capsule.
The other one mainly affected the retrolenticular

Figure 9.

portion of the internal capsule and the adjacent
most posterior part of the putamen (Figure 9).
In the following patient, an ischemic zone was
observed in the rostral part of the posterior limb
of the internal capsule, and in the adjacent part
of the globus pallidus and putamen (Figure 10).
One patient presented a large capsulo-ganglionic

Figure 10.

infarct occupying most of the putamen, globus
pallidus, and the adjacent portions of the internal
capsule. In the next two patients, the ischemic
zone was found in the upper part of the internal
capsule, i.e. at the level of its genu and posterior
limb. The last patient showed an ischemic lesion
in the anterior limb of the capsule and the adjacent
portion of the head of the caudate nucleus.

DISCUSSION

The results concerning the microanatomi-
cal features of the perforating arteries are similar
to our previous findings [10, 23-31] and other
authors’ reports [2, 4-6, 16, 32-36]. Some of our
present findings may have important clinical im-
plications.

For instance, certain perforators were revealed
to be absent on one side, either right or left. In these
cases, a larger number of the perforators arose from
the opposite parent artery. Consequently, one group
of the perforators supplied both sides of the corre-
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sponding brain area. In addition, the “missing™ per-
forators are partially supplemented by the branches
of the neighboring ipsilateral arteries.

As already mentioned, several perforating
vessels may originate from their own common
stem. An occlusion of such a trunk will cause
a much larger ischemic zone than an occlusion
of a single perforator. Since some perforators
occasionally arise from the side twigs, i.e. the
leptomeningeal branches, of the parent artery, oc-
clusion of a latter branch may lead to occurrence
of both a superficial and a deep ischemic lesion.
The association of those two types of infarcts was
described by some other authors as well, although
most often as a consequence of the global cerebral
or systemic atherosclerosis [37].

Instead of intravascular occlusion, an exter-
nal compression to the perforators may also com-
promise the blood flow in their lumina. This is
especially true for the aneurysms located close to
some perforators. Thus, by searching for the deep

ol 5

Figure 11.

infarcts, in a patient, we found a basilar artery
aneurysm at the site of its bifurcation (Figure 11).
Although the ischemic lesion was absent, during
the operation, the neurosurgeons noticed that the
aneurysm compressed, stretched and distorted
some of the adjacent thalamoperforating arteries
within the interpeduncular cistern, as was also
reported by other authors in similar patients [38].

As mentioned in our study, the atheroscle-

rosis of the perforating vessels was found in 3 of
the 10 examined cases, and in one of them a large

atheroma was present. The pathologic changes
were noticed in patients with a visible atheroscle-
rosis of the large arteries at the base of the brain,
but in none within the control group. Similarly,
some authors found a correlation between general
atherosclerosis and the appearance of cerebral in-
farcts [37, 39]. This may have three explanations.
Firstly, atheromatous disease of the perforators
themselves, which is accompanied by a narrowing
of the vessels lumen. Secondly, occlusion of the
orifice of a perforator by an atheroma of the parent
vessels. Thirdly, thromboembolism of the perfo-
rators from a distant vessel, i.e. from the cervical
segment of the carotid arteries [12].

As stated in our study and previous reports
[40,41], some perforating vessels were intercon-
nected by anastomotic channels. However, the
channels were observed only among the extra-
cerebral segments of the perforators. This is why
there is a minor significance of the anastomoses
in the cases with perforator occlusion.

We stated in our previous studies that most
of the perforators were less than 1 mm in diameter
[10, 28]. According to Fisher [17], the atheroscle-
rotic process affects those perforators with 200
um or more in diameter, which is the basis for
a thromb formation and their occlusion. On the
other hand, thinner perforators or their twigs are
affected by small vessel diseases such as fibrinoid
necrosis or lipohyalinosis [12, 14, 17]. There are
two possible consequences of these processes,
either an occlusion or a rupture of a perforating
artery, respectively.

The ischemic lesions in the 14 selected
patients showed various locations. One of them
was present in the pons, and another one in the
midbrain. However, since both of them were po-
sitioned in the lateral part of the brain stem, they
were not caused by an occlusion of the perforating
arteries [2, 8].

Thalamic infarctions were diagnosed in 4
patients. In one of them, the ischemic zone was
present in the medial part of the left thalamus which
is perfused by the thalamoperforating arteries. In
another patient, bilateral lesions were found, pre-
dominantly in the medial part of the thalamus, i.e
in the region supplied by the TPA as well (Figure
8). There are two explanations of the latter finding.
Firstly, a multiple embolism from the vertebrobas-
ilar system. Secondly, and most likely, occlusion
of a large TPA common stem which nourished the
medial region of both thalami. In the latter case,
the larger lesion is located ipsilaterally, and the
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smaller one contralaterally. Finally, a lesion in the
last patient was diagnosed in the posterolateral por-
tion of the left thalamus (Figure 8), i.e. within the
sensory thalamic nuclei which are on the territory
of the thalamogeniculate perforators. Our findings
are in agreement with the data of some anatomists
and neurologists [6, 9, 32].

Regarding the cerebral hemispheres, in one
patient, a small infarct was located within the ex-
treme capsule, i.e. between the claustrum and the
insular cortex. However, this region is not sup-
plied by typical MCA perforators [11].

One of the two following lesions occupied
the caudal part of the posterior limb of the internal
capsule, which is in the territory of the anterior
choroidal artery [5, 7,9, 19]. Taking into account
the fact that the pyramidal tract passes through
the mentioned region of the internal capsule, as
well as the thalamocortical bundle from the sen-
sory thalamic nuclei, a hemiparesis and hemihy-
paesthesia could be expected [19, 42]. In the next
patient the infarct affected the most posterior part
of the putamen and the retrolenticular portion of
the internal capsule, which are also on the AChA
territory (Figure 9). The latter patient had a partial
damage of the geniculocalcarine tract in the retro-
lenticular portion of the internal capsule, so that
he most likely presented quadrantanopia [42, 43].

In the next patient, an ischemic zone was po-
sitioned in the anterior limb of the internal capsule
and the adjacent part of the head of the caudate
nucleus. This is actually the territory of the per-
forating branches of the anterior cerebral artery
[5, 11]. Impairment of attention and memory, as
well as confusion, anxiety and dysarthria could
be expected in such subjects [43].

The following patient showed an ischemic
lesion in the upper part of the internal capsule,
close to the corona radiata. This part is supplied
by the perforators of the middle cerebral artery
[11]. One of the patients had a lower lesion (Figure
10), which occupied the rostral part of the poste-
rior limb of the internal capsule, and the adjacent
portion of the putamen and the lateral segment
of the globus pallidus. It is mainly located in the
MCA territory, but some contribution of the an-
terior choroidal arteriy cannot be excluded [11].

Finally, a large ischemic area was observed
in the last patient, which occupied most of the
putamen and globus pallidus, as well as the adja-
cent portions of the internal capsule. The ischemic
zone also affected the surrounding region of the
cerebral cortex and the subcortical white matter. It

is obvious that this lesion is a result of thromboem-
bolism, or a partial occlusion of the M1 segment
of the middle cerebral artery [5, 9, 11]. In such
patients, the morbidity and the mortality rate is
higher than in those with an isolated ischemic
lesion, either a deep or a superficial one [37].

Among the rostral group of the perforating
arteries, we have not observed the ischemic lesions
in the premamillary, internal carotid, and anterior
communicating artery territory, meaning that they
occur less frequently. As for the latter (AComA)
territory, we described previously characteristic
infarcts associated with the AComA aneurysms
and accompanied by an amnesic syndrome [44].

The mentioned radiological images show
two types of ischemic lesions, i.e. the lacunar
infarcts and the larger ischemic zones. The for-
mer, which are up to 15 mm in diameter [12], are
usually caused by occlusion of the small-sized
perforating arteries, or of the primary or secondary
side twigs of the larger perforators [11, 15, 16,
45]. Ischemic zones of larger size are produced
by the occlusion of a larger perforating artery, a
common stem of several perforators, or the initial
segment of the parent cerebral artery [15]. A pre-
cise cause in these instances can be determined
by performing magnetic resonance angiography,
or diffusion-weighted MRI [15, 16. 46].

It should also be mentioned that some per-
forating arteries supply several structures. For
instance, a perforator of the VA may nourish the
hypoglossal nucleus, but also the pyramidal bun-
dle and the medial lemniscus [2, 31]. Similarly,
some BA perforators perfuse the abducens nucleus
and the two mentioned bundles [2, 26]. A large
mesencephalic vessel of the thalamoperforating
branches of the PCA may supply the oculomotor
nucleus and nerve, part of the red nucleus and the
reticular formation, as well as the medial portion
of the cerebral peduncle [2, 47, 48].

Alarge diencephalic vessel among the thal-
amoperforating arteries may perfuse the medial
part of the subthalamus, the posterior portion of
the hypothalamus, the mediodorsal thalamic nu-
cleus, parts of the adjacent nuclei, and even some
areas of the midbrain [6, 32]. Part of these dien-
cephalic regions, but also the anterior thalamic nu-
clei, are supplied by the premamillary perforator
of the PComA. A large ICA perforator nourishes
the genu of the internal capsule, but also the me-
dial segment of globus pallidus [7, 11]. A large
perforating branch of the AChA may supply the
subthalamic nucleus, the lateral geniculate body,
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a small part of the putamen, the posterior limb
of the internal capsule [33, 49] and, according to
some authors, the lateral part of the thalamus [6].

The AComA perforators nourish the lamina
terminalis, the anterior commissure, the columns
of the fornix, and the preoptic region of the hypo-
thalamus [36, 44]. A single perforator of the ACA
may perfuse portions of the putamen, the lateral
segment of the globus pallidus, and the head of
the caudate nucleus, as well as part of the anterior
limb of the internal capsule [5]. Finally, a single
large lenticulostriate perforator of the MCA may
supply the putamen, the internal capsule, the head
of the caudate nucleus, the innominate substance,
and part of the corona radiata [5, 11].

Due to the presented anatomical facts, doz-
ens of the vascular syndromes were distinguished
in patients with an occlusion of certain perforating
arteries [9, 13, 43, 50].

CONCLUSION

The microanatomical features of the perfo-
rators have important pathological and neurolog-
ical implications regarding the size, number, and
location of the ischemic lesions. It was proved
that the perforators can be directly affected by the
atherosclerotic process. Knowledge of the perfo-
rator territory helps to determine which group of
the perforators is involved in the ischemic lesions.
Finally, precise neuroradiological location of the
lesions can be useful in predicting the symptoms
and signs which could appear in patients with
such lesions.
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Pe3nme

KIIMHUYKOTO 3HAYEILE HA TIEPOOPAHTHUTE APTEPUHN

Baco AutyHnoBuK', Anexcannap Mupunk’, C;io6onan Mapunkouk®, Jlynujano Bpuranre’,
Musnom Manuur’, buijana IeoprueBckn’, Muijana Akcuk’

! VauBep3urercku kimanuky nentap Lpua [opa, [Toxropuna, Lpua ['opa

2 MHcTuTyT 32 XMCTONOTHja U eMOpuonoruja Ha Menuimucku gpakyaret, benrpan, Cpouja
3 AHatoMcKkH MHCTUTYT MemuiuHcku akynret, benrpan, Cpouja

* YHuBep3uTeTCKa HEBPOXUpYpIKa KiuHKuKa, CanepHo, Uramuja

> Pagunonoriko ojieneHne, YHUBEp3uTeTCKa kiuHuka ,,Ceetr Capa‘“, benrpan, Cpouja

Bo coBpeMenara nmuTeparypa moctojaT CKpOMHH IOJIATOIN 3a Kopeialnujara Ha MUKPOaHATOMCKHTE
ocoOnHU Ha ep(OpaHTHUTE apTEPHUH, HUBHATA aTEPOCKIIEPO3a U HCXEMHjaTa BO HUBHOTO Hojpayje. 3a 1a
T'M UCTIHTaMe OapeM JIeTyMHO OBHE IMapaMeTpH, HallpaBUBME MUKPOJIMCEKIINja Ha TIepOPaHTHHUTE apTe-
puu Ha 12 Mo301T1 MTH Oea moOMeH HUBHU BacKyinapHU kanamu. [Tokpaj Toa, kopructeBme 30 mpuMepoIti
Ha TIep(OPAHTHH CaJIOBHU 32 XHUCTOJIONIKO U MIMyHOXUCTOXEMHUCKO HCITUTYBame. Hajmocne, ncnurasme u
PaAVMOIONTKA CHUMKHY Ha 14 marueHTH co amabok mepedpaneH nHpapKT, Kou 6ea n30paHu of BKyITHATa
Opojka ox 65 muria. [IponajooBme aeka O6pojor Ha nepdhOpaHTHUTE KPBHU CAZOBH Kaj ONPEIACHU TPYITH
Bapupa Mery 0 u 11 (Bo mpocek 1,1-8,4). OcBeH 071BOjYBamHETO O MATHYHUTE CaIOBH, HEKOHM OII TIep-
(opaHTHHUTE apTepuu NOTEKHYBaa U O]l JeNTOMeHUHTeanHuTe rpanku. OKTy3uja Ha €Ha TaKkBa IpaHKa
MOJKE J1a TIpeN3BHUKa U MTOBPIIMHCKA U Jraboka ne3nja. [lokpaj Toa, 3aeMHIIKOTO CTeOI0 Ha OpeIeHH
nepGopaHTHU KPBHU CAJIOBH T'M CHAOTyBAJIO CO KPB U JIECHOCTPAHHUTE U JICBOCTPAHUTE JICIIOBH HA KOpec-
MTOHANPAYKUTE TToIpadja Ha MO30KOT. OKIy3Hja Ha TAKBO 3a¢HUYKO CTEOJIO Ke Mpean3BHUKa OmtaTepaneH
nHpapkT. ATepockiepo3ara Ha mepdOpaHTHATE CaIOBH, KOja ja TPOHAjI0BME BO TPH HAIITH TPHUMEPOITH, €
MOJIJIOTa 32 Pa3B0j Ha HICXEMHUYHH JIE3UU BO HUBHOTO mojipadje. O] ICIIUTAaHUTE MAIIMEHTH CO HCXEMUYHH
nesnn, 14 nmane maboku repedpatHu HHGAPKTH, HAjIECTO BO TATaMyCOT, KaKo U BO TIOAPAYjeTo Ha Tep-
(opaHTHHUTE CaJI0BU Ha cpeiHaTa MO30YHA M Ha ITPEHATa XOPOHUTHA apTePHja Ha MO3OYHHUTE XeMHUCHEPH.
Hamara cTymuja mokaxa Jeka IOCTOM ToJieMa KopeJiaiiija Mery oapecH: MUKPOAaHATOMCKH OCOOWHU U
arepockieposara M mojjpadjara IITo ce CHaOIyBaar co neppopaHTHUTE apTepHH, O €lHA CTpaHa, U JIo-
KaJH3alyjara Ha ICXeMUYHUTE JIC3UH, OJT APYTa.

Kayunu 300poBu: nepdopanTHH apTepuu, MO30YHH apTepUU, MUKPOAHATOMH]ja, aTepOCKIIEpO3a,
nepedpanay HHPaPKTH, paaroIorHja






