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A bstract The aim of the study was to establish the predictive role of
maximal aortic-jet velocity, i.e. its annual rate of progression, in the decision in favour
of aortic valve replacement (AVR), as well as in the event appearance and/or patients’
survival with severe asymptomatic aortic stenosis.

49 patients were analysed who belonged to the clinical and echocardiography
group with severe asymptomatic valve aortic stenosis, with an average of 22 + 10
months follow-up period.

The echocardiography parameters were: ejection fraction, maximal aortic-jet
velocity (AV_Vmax), trans-valve maximal gradient and aortic valve area, as well as
calcification rate, all of which were included in the predictive model. The progression
rate of the aortic-jet velocity was established, reduced to an annual level. The variable
ECHO status worsening was defined as worsening when the progression rate of the
AV_Vmax at the annual level was 2 0.3 mps per year.

The results show that in 20% of the patients an annual rate of progression of
the aortic-jet velocity over 2 0.3 mps per year was registered.

For the follow-up period, event appearance was registeredin 20% of the
patients , where the risk of event appearance is 4.3 times higher in patients with ECHO
worsening status, in relation to those without ECHO worsening status.

It was established the that the probability of survival of the asymptomatic
patients with severe AS over a period of 3 years was 0.57 + 0.11. The average length of
survival in patients without ECHO worsening status was 32.8 £ 1 months, while in
patients with ECHO worsening status it was 23.5 = 4 months.
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It can be conclude that the maximal trans-valve aortic-jet velocity, especially
the rate of its annual progression, is a significant predictor of the rapid progression of
the disease, which contributes to the risk stratification in the risk group of patients with
severe asymptomatic aortic stenosis while referring for AVR.

Key words: severe asymptomatic valve aortic stenosis, echocardiography, annual rate
of progression of the maximal aortic-jet velocity, survival.

Introduction

The poor outcome of patients with symptomatic aortic stenosis (AS) has
been evaluated and is well known [1-5]. Because of this, valve replacement is
recommended as an absolute indication for these patients. In contrast, the
treatment of asymptomatic aortic stenosis becomes controversial. The occur-
rence of sudden death without preceding symptoms [1, 6] and a potential risk of
irreversible myocardial damage [7] are the parameters which favour early
elective surgery. However, prospective studies have suggested that in the ab-
sence of preceding symptoms, sudden death occurs rarely [8, 9]. If we analyse
the wide variability of the outcome in individual patients, and the potential risk
of complications because of the prosthesis as an operative risk on its own, the
decision to undertake surgery on asymptomatic patients remains difficult [10,
11,12].

For all these reasons, outcome predictors which will help in the
selection of asymptomatic patients with a high risk level should be identified for
early referral for aortic-valve replacement (AVR).

Patients and methods

In our study 49 (forty nine) patients with severe asymptomatic aortic
stenosis were involved, all examined at the University Cardiology Clinic in
Skopje, R. Macedonia. the asymptomatic patients were included in the study in
April 2004 and monitored until April 2008, i.e. an average monitoring period of
22 + 10 months.

The criteria for including the patients in this study were: patients with
severe asymptomatic aortic stenosis: maximal aortic-jet velocity > 4.0 mps;
maximal trans-valve gradient (LV/Ao) > 60 mmHg; aortic valve area < 1 cm?
moderate or severe expressed aortic valve calcification and normal systolic
function of the left ventricle defined as EF > 50%.

Criteria for not including a patient in this study were: patients with mild
and moderate aortic stenosis; patients with "Low Gradient" severe aortic ste-
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nosis, acute myocardial infarction in the last six months; patients with aortic
regurgitation higher than mild; patients with mitral valve disease and mitral
regurgitation higher than mild and other heart defects; patients with sub- and
supra-valvular aortic stenosis; patients with kidney disease; patients with severe
lung disease and patients with anaemia and haemoglobin < 100 gpL.

Echocardiography

The first echocardiograph test on each patient was made at the
beginning of the study, and the following echocardiograph tests were made
every six months or earlier if the condition was aggravated, and with vivid
symptoms.

The inner dimensions and volumes of the left ventricleand the thicke-
nings of the walls were measured under the criteria given by the American
Echocardiography Society [13]. The ejection fraction and the fraction shor-
tening were obtained by M-mode in the Teicholtz formula [13].

The maximal aortic-jet velocity was obtained from the window which
provides the highest velocity in a five-cavity apical view using continuous
Doppler echocardiography (AV_Vmax, mps), and using the pulse Doppler
echocardiography from the same view, immediately proximal to the stenotic
aortic valve (using 5-10 mm length of the volume sample), the left ventricle
outflow tract velocity was registered (LVOT _V, mps). Both velocities are ne-
cessary to calculate the aortic area (AVA, cm?) with a continuous equation
(AVA = LVOT-area x LVOT _V / AV_Vmax). The diameter of the left ven-
tricle outflow tract (LVOT, mm) was obtained from a parasternal long axis
view, in the middle of the systole, immediately proximal to the aortic annulus.

The maximal trans-valve gradient LV/Ao (AV_Max.Grad., mmHg) was
obtained by using the Bernoulli equation (AV_Max.Grad.=4 x AV_Vmax?).

The wall kinetics of the left cavity was analysed using the 16-segment
model. Mitral and aortic regurgitation was graded between 0—4 degrees using
colour Doppler echocardiography.

The degree of distinction of aortic calcification (CALCIF.) was clas-
sified as: 1 = no calcification; 2 = mildly calcified — small isolated spots (Mild);
3 = moderately calcified — many and larger spots (Moderate) and 4 = heavily
calcified — extensive thickening and calcification of all cusps (Severe) [14].

The annual rate of progression of the aortic-jet velocity (mps per year)
for each patient was calculated by dividing the difference between the velocities
measured at the first and the last examination, on one side, with the time
between examinations (brought down to an annual level) on the other side.
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We made a variable ECHO status aggravation, defined as aggravation,
if the degree of progression of AV_Vmax on annual level was > 0.3 mps per
year.

Follow-up

The follow-up was made possible for all patients with a mean follow-
up period of 22 £+ 10 months, with personal interviews with the patients or with
their relatives. The data collected was specifically related to the cardiac symp-
toms at the time the AVR was performed and the manner of death.

The outcome was defined as a death occurrence and/or symptoms
occurrence (or AVR performed because of the occurrence of the symptoms).

The death was defined as a sudden death (SD), death with prior shown
symptoms, death in the waiting period for AVR and death from other causes.

Statistical Analysis

The statistical analysis was performed by using the SPSS computer
program (13.0). All data were presented as an average value and a standard
deviation or with percentages. The comparison of the categorical parameters
amongst the groups was performed by the Chi-square test and in relation to the
continuous parameters by the Wilcoxon runk-sum test. Event-free survival
during the follow-up was examined by Kaplan-Meier curves, compared with the
Log-rank method. The Cox’s regression model was used to establish the tem-
poral dependence predictive value of the ultrasonic characteristics for events,
including death, after it was determined that the covariant which was to enter
the predictive model of linear regressive analysis had a significant connection
with the events.

In all statistical tests, p < 0.05 was regarded as statistically important.

Results

In this study 49 patients aged 59 + 13 years were analyzed, 31 men
(63%), 18 women (37%), with an average maximal jet velocity of 4.3 £ 0.5
mps. All patients had regular function of the left ventricle, with an average
value of ejection fraction of 69.9 + 5.5%.

The distribution of the characteristic echocardiography parameters in
asymptomatic patients with severe AS are given in Tables 1 and 2.
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Table 1 — Tabemna 1

Review of echocardiography parameters in asymptomatic patients with severe AS
Ilpukas Ha exokapouozpagpckuitie iapameilipu Kaj ACUMATLOMATUCKUILE
nayuenitiu co imewrxka AC

EF (%) AV Vmax AV Max. Grad. AVA
(m/sec) (mmHg) (cm ?)
mean £ 69.9+5.5 43+0.5 74.8 £20.8 0.8+£0.2

std. deviation
Table 2 — Tabena 2

Review of representation of various degrees of calcification of aortic cusps
in asymptomatic patients with severe AS
Ilpuka3 na 3acinaiienociia Ha pasaudHuitie citielieHy Ha Kaayugukayuja
Ha aopiiHuitie Kycilucu Kaj acumitiiomaitickuitie navuernitiu co ieuika AC

Calcification Patients %
Mild 4 8.2%
Moderate 24 49.0%
Severe 21 42.8%
49 100.0%

Wanting to establish whether asymptomatic patients have a worsening
of the trans-valve maximal aortic-jet velocity during the follow-up period we
compared the AV_Vmax value at their entering the study with the AV_Vmax
value at the end of the follow-up. We established the existence of a statistically
significant difference in the benefit of the higher value of AV_Vmax at the end
of the follow-up in relation to the same value gathered at the beginning of the
study (t =-5.12, df = 48 and p < 0.05), which means that asymptomatic patients
with severe AS had a worsening of the trans-valve maximal aortic-jet velocity
during the follow-up period.

Special attention was paid to the annual rate of AV_Vmax progression
in asymptomatic patients with severe AS and we discovered that it has a range
from 0.0 to 2.4 mps per year.

We divided the patients into two groups: a group with ECHO wor-
sening status if the annual rate of AV_Vmax progression was > 0.3 mps per
year and a group without an ECHO worsening status, if such a rate of progres-
sion was not achieved. In our study we obtained the result where 10 patients
(20%) showed a worsening of the ECHO status, i.e. 20% of the patients had an
annual rate of progression of aortic-jet velocity of over > 0.3 mps per year.
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In our series of 49 asymptomatic patients examined for an average
follow-up period of 22 + 10 months, we registered 10 (20%) event appearances.
One of these was a death outcome after previously shown symptoms in a patient
who refused AVR; in 5 (10%) patients AVR was successfully performed, and
the remaining 4 (8%) fulfilled the criteria for performing AVR and are on a
waiting list.

Wanting to establish the probability of survival we made an actuary
curve of survival for each year in all asymptomatic patients with severe AS,
shown in Figure 1.

Survival Function

Rl I e E—
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T T T T T
0 12 24 36 48

Time

Figure 1 — Curve of survival in asymptomatic patients with severe AS

Cauka 1 — Kpusa Ha tipexcugysarse Kaj aCUMUILOMAMICKU HAUUEH L
co wewxa AC

Using the live chart, we established that the probability of survival in
asymptomatic patients with severe AS for a period of 1 (one) year is 0.98 =+
0.02; for a period of two years it is 0.89 + 0.05, and for a period of 2 or 3 years
the probability for survival is 0.57 = 0.11.

The average time period of survival is: 31.5 = 1.2 months (95% CI 29—
34 months), percentage median: 34.0 £ 0.8 months (95% CI 32—-36 months).

Comparing the Kaplan-Meier survival curves with the Log-rank test in
asymptomatic patients with severe AS with ECHO worsening status (23.5 + 4
months, 95% CI 15.5-32 months), with the patients without ECHO worsening
status (32.8 £ 1 months, 95% CI 30.8-34.7 months), we established that there is
a statistically significant difference in the average survival time between
patients with or without ECHO worsening status (p < 0.05) in favour of a
smaller survival time in the patients who have an ECHO worsening status
(Figure 2).
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Survival Functions
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Figure 2 — Review of survival curves in asymptomatic patients with severe AS,
with or without ECHO worsening status (for AV _Vmax > 03 mps per year)

Cauxa 2 — Ilpuka3 Ha Kpusu Ha Upexcusys8arbe Kaj acumiiiomaiticKuitie
dayuenitiu co wweuka AC, co u 6e3 EXO citiaitiyc saoutysarbe
(3a AV _V max 2 0.3 m/sec/200.)

Using the univariate Cox’s regression model, we established that the
risk of event appearance is 4.3 times (95% CI 1.1-17.6) higher in asymptomatic
patients with ECHO worsening status in comparison with those without ECHO

worsening status, where the attained difference had the significance of p<0.05,
shown in Figure 3.

Hazard Function
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Legend: (__ ) with ECHO worsening status; (---) without ECHO worsening status
Figure 3 — Review of risk of event appearance in asymptomatic patients with severe AS,
with or without ECHO worsening status (for AV _Vmax > 0.3 mps per year)

Cauxa 3 — Ilpuka3 Ha pusukoill 3a tiojasa Ha 36UOHY8aAIbE
Kaj acumititiomaitickuitie iayueniuu co iewrka AC, co u 6e3 EXO ciuaityc
saowysarve (3a AV _V max 2 0.3 m/sec/200.)
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Discussion

In the period from April 2004 to April 2008 we analysed 49 patients
with severe asymptomatic stenosis (trans-valve aortic-jet velocity of average 4.3
mps, maximal trans-valve gradient of average 75 mmHg and aortic valve area
of average 0.8 c¢cm?) and normal systolic function of the left ventricle, at an
average age of 59 = 13 years.

During the follow-up period, with control examinations, we established
that even though asymptomatic, the illness in the patients was progressing,
manifesting an increase of the maximal trans-valve aortic-jet velocity at the end
of the follow-up period in relation to the value gathered at the beginning of the
study, which emphasizes the significance of this echocardiography parameter.
In addition, 20% of the examined patients had an annual rate of progression of
aortic-jet velocity over > 0.3 mps per year.

In our examined series over the average monitoring period of 22 + 10
months, we registered event appearance in 20% of the patients. In these, there
was one outcome of death in a patient who rejected AVR after symptoms
previously appeared; of the rest of the patients, in 10% of them AVR has
already been performed, i.e. 8% are waiting for AVR,

Using the live chart, we established that the probability of survival in
asymptomatic patients with severe AS for a period of 1 (one) year is 0.98 +
0.02; for a period of two years it is 0.89 + 0.05, and for a period of 2 or 3 years
the probability of survival is 0.57 £ 0.11.

Analysing the Kaplan-Meier survival curves we established the
existence of a statistically significant difference between the average survival
time in the patients without ECHO worsening status (32.8 + 1 months, 95% CI
30.8-34.7 months) in relation to the average survival time in the patients with
ECHO worsening status, and it is significantly lower and reads 23.5 £ 4 months
(95% CI 15.5-32 months). At the same time, using the univariate Cox’s
regression model, we established that the risk of event appearance is 4.3 times
higher in patients with ECHO worsening status in comparison with those
without ECHO worsening status.

With these results, the importance of the value of the trans-valve
maximal aortic-jet velocity is confirmed once more, i.e. the rate of its annual
progression, of survival and the risk in general of event appearance, i.e. referral
of the asymptomatic patients to AVR.

There is still no consensus about the referral of asymptomatic patients
to AVR [15], as well as the fact that patients themselves refuse AVR when they
are asymptomatic. Nevertheless, there is a concern among the doctors about the
possibility of sudden death occurrence and/or irreversible myocardic damage.
After postponing AVR, myocardic fibrosis and distinct hypertrophy cannot be
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reversible. Gjertsson P. ef al. in Sweden 2007, emphasize that late diagnosis and
late referral of patients with AS is a common occurrence, and the long waiting
time after referral for surgery increases the mortality immediately after AVR
[16].

On the other hand, the risk of preoperative, late complications as well as
the operative mortality in asymptomatic patients with severe AS is higher than
the benefit of earlier referral for AVR. Patients with distinct symptoms have
significantly higher operative mortality, and AVR performed as an urgent pro-
cedure brings a higher risk than elective surgery. Thus the operative mortality
and the risk of perioperative complications is 3—4%, operation on elderly
patients brings a risk of 10%, and if there is a need for by-pass surgery the risk
is >10%.

Regarding sudden death, the majority of studies underline that the risk
of SD is around 1% per annum. In our study of patients with severe
asymptomatic AS, over a period of 4 years and an average follow-up period of
22 + 10 months, we had one death after symptoms appeared previously. In
Kelly’s study [4] of a 1.5 year follow-up, SD without the prior appearance of
symptoms is not published, but a significant percentage of the patients did not
have severe aortic stenosis. The sole study which monitors a bigger cohort
group of patients with severe stenosis is the one by Pellika et al. [17]. In a
period of average follow-up of 20 months, it has two cases of heart death where
the symptoms developed at least three months prior to death. In the series by
Rosenhek et al. [14] of 128 monitored patients in 27 months, one sudden heart
death occurred, but without any preceding symptoms. Their suggestion is that
SD is not frequent and has an incidence of less than 1% annually. Their group
submits one death case during the period awaiting AVR.

Quite often patients do not give information about the development of
their symptoms soon enough or are dying while waiting for AVR. Otto CM et
al., 2006, [18] emphasize that in the majority of asymptomatic patients, the risk
of surgery is higher than the risk of attentive monitoring of these patients, so the
treatment means and includes education of the patients and periodic echocar-
diography as well as modification of the risk factors in cardiovascular diseases.

For all the above-mentioned reasons, there is a need to identify the pa-
tients at risk where the symptoms will be shown very soon, i.e. those who will
have need of earlier AVR.

Rosenhek et al. [14] give 67 event appearances in 128 asymptomatic
patients in an average follow-up period of 22 + 18 months (0-54 months) (in-
cluding 8 cases of death and 59 AVRs performed because of the appearance of
symptoms).

In Rosenhek et al.’s work [14] the accent is put on the rate of prog-
ression of the aortic-jet velocity > 0.3 mps per year as a significant independent
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predictor for the clinical course, together with the intensity of valve calcification
(moderate and/or severe) and age of over 50 years.

Pellika PS (8) et al. emphase the importance of a maximal aortic-jet
velocity of > 4.5 mps as well as the existence of the ejection fraction < 50% as
significant predictors of the clinical course.

The rate of progression of the aortic-jet velocity of > 0.3 mps per year
and the level of the aortic valve calcification (in four successive levels) [14] are
two parameters which were incorporated for the first time in 2002 in the Recom-
mendations on the management of the asymptomatic patient with valvular heart
disease [19].

In E. Hristova’s work in 1999-2001 (20), a co-relational analysis was
made of the maximal trans-valve gradient between the left ventricle and the
aorta, obtained by continuous Doppler echocardiography and catheterization of
patients with severe aortic stenosis and a very high positive co-relation was
achieved (r = 0.97). This means that the increasing of the maximal gradient ob-
tained by continuous Doppler echocardiography is accompanied by the increa-
sing of the maximal gradient obtained by the catheterization. At the same time,
the echocardiography parameters were compared among the three groups of
aortic stenosis: a mild, moderate and severe group, divided by the maximal
gradient determined during the heart catheterization, which at that time was
regarded as a golden standard. With analysis of the trans-aortic flow, it was
discovered that the differences of the values of the variables AVA, AV_Vmax.
and AV_Max.Grad. between mild and moderate, as well as between moderate
and severe, are statistically significant, which means that the most advanced
groups of AS have a more distinct illness, i.e. progression, registered by echo-
cardiography examination. Thus the significance of echocardiography was con-
firmed as a supreme method in diagnostic evaluation of the expression of the
aortic stenosis as well as referring patients for AVR, as compared to cathete-
rization.

Conclusion

During the follow-up period, using control checkups, it was established
that in asymptomatic patients with severe AS progression of the illness is hap-
pening, manifested by the increasing of the trans-valve maximal aortic-jet ve-
locity at the end of the follow-up period in relation to the value obtained when
entering on the study. Thus 20% of the examined patients had an annual rate of
progression of the aortic-jet velocity of over > 0.3 mps per year.

In connection with survival, it was established that the probability of
survival in asymptomatic patients with severe AS over a period of 3 years reads
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0.57 £ 0.11. The average period of survival in the patients without ECHO wor-
sening status is 32.8 = 1 months, but in patients with ECHO worsening status it
is 23.5 + 4 months.

Over an average monitoring period of 22 £ 10 months an event
appearance was registered in 20% of the patients , while at the same time the
risk of event appearance was 4.3 times higher in the patients with ECHO
worsening status in comparison with those without ECHO worsening status.

It can be concluded that the maximal trans-valve aortic-jet velocity, and
especially the rate of its annual progression, represent significant predictors of
the rapid progression of the disease, which are contribute to risk stratification in
the risk group of patients with severe asymptomatic aortic stenosis while
referring for AVR.
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Pe3ume

IT'OJUMINEH CTEIIEH HA ITPOTPECUJA HA BP3NHATA
HA AOPTHUOT MJIA3 U1 ITPEXKNBYBAIBE KAJ ACUMIITOMATCKA
TEIIKA AOPTHA CTEHO3A

Xpucrosa-Anrosa E., I'eopruescka-Ucmann Jb., Cpounoscka E., Cnmpocka B.,
Xpucrosa-{umyesa A., 2Kantesa-Haymocka M.

YHueep3uitieiticka KAUHUKa 3a kapouoaozuja, Meouuurcku gpaxyaitieiti, Cxoiije,
P. Maxeoonuja

Llenta Ha crynmjaTa Oelle fa ce OfpeNu MPETCKasKyBadykaTa yiora Ha
MaKCHMaJTHaTa Op3WHa Ha aOPTHHUOT MJIa3, OMHOCHO HEj3MHUOT TOMIUIICH CTEICH
Ha TIporpecuja, BO OfyIyKaTa 3a ymaTyBame Ha aOpPTCH BaJIBYJapeH peltacMaH
(ABP), kako # BO mojaBaTa Ha 30MHYBamka /WM MPEKABYBAKHETO Ha TMAIMCH-
THATE CO AaCHMIITOMATCKAa TEIIKa a0pPTHA CTCHO3A.

bea ananusupanu 49 nanueHTH KOM KIMHUYKU M €XOKapauorpadcku
npunafaa Ha IrpynaTta acUMITOMAaTcKa TellKa BajByJapHa aopTHa CTEHO3a CO
cpefieH mepuoj Ha ciefeme of 22 + 10 mecenu. Exokappmorpadcekure mapa-
METpHU: eKeKIMOHa (ppakimja, MakcUManHa Op3uHa Ha aopTeH mia3 (AV_Vmax),
TpaHCBaJByJIapeH MaKCUMaJieH TpajJueHT W aOpTHa BajByJlapHa apea, Kako H
CTENEeHOT Ha Kanuudukanuja 6ea BKIYYEHM BO NMPEeIUKATUBHUOT Mofen. bee
OfIpeficH CTEIECHOT Ha Iporpecuja Ha Op3WHAaTa HAa AOPTHHOT Mia3, CBEJICH Ha
ropuiHO HUBO. Bapujadnara EXO craTyc BiomyBame, Oerre fepnHrIpana Kako
BIIOLIYBame, JOKOJIKY CTEIIEHOT Ha Iporpecuja Ha AV_Vmax Ha FOAMIIHO HUBO €
> 0.3 m/sec/ron.

Pesynrature mokaxkaa fmeka kaj 20% op marnueHTuTe O€lie perucTpupan
TFOJMIlIEH CTElleH Ha Iporpecuja Ha Op3WMHAaTa Ha aopTHMOT Mia3 Hap 2 0.3
m/sec/Tof. 3a MepuofoT Ha cieferwe, Kaj 20% of MmalueHTUTe perucrpupaHa e
nojaBa Ha 30MIHYBamwe, NPU IITO PU3MKOT 3a T0jaBa Ha 30uHYBame € 4,3 maTu
noroneM kaj nanuentute co EXO craryc Bioysame, Bo ciopefda co oHue 6e3
EXO craryc BromyBame. Y TBpACHO € ieKa BEpOjaTHOCTA 3a TPEKUBYBambe Kaj
acMMIITOMaTCKuTe nanuenTn co Teimka AC, 3a nmepuop o 3 roguan uzHecysa 0,57
1 0,11. ITpoceynoTo BpeMe Ha MpeXUBYBame, Kaj manueHture 6e3 EXO cratyc
BIomyBame € 32,8 £ 1 Mmecel, fjofeka UCTOTO, Kaj manueHTuTe co EXO cratyc
BIIONIYBame U3HecyBa 23,5 + 4 mecenu.

Moxe fma ce 3aKlIydd AeKa MaKCHMajlHaTa TpaHCBalIByJapHa Op3uHa Ha
AoOpTEH MI1a3, a 0COOEHO CTENEHOT Ha HEj3MHATa FOfUIIHA NIporpecuja, IpeTcra-
ByBaaT 3HaYajHU NpeuUKaTOpd Ha Op3aTa mporpecuja Ha GojecTa, KOU INpH-
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[IOHECyBaaT BO pU3MK cTpaTuduKanyjaTa Ha pU3sM4HaTa rpyla Ha HAaUEeHTH CO
acMMIITOMAaTCKa TeIllKa a0OpTHA CTeHO3a MpH ynatyBameTo Ha ABP.

Knyuynu 300poBu: acuMmnToMaTcKa TellKa BajByJlapHa aoOpTHA CTEHO3a, €XO-
Kapauorpaduja, FOIUIIEH CTENEeH Ha NpOrpechja Ha MakCHMajnHaTa Op3uHa Ha
AOPTHUOT MJa3, IPEKUBYBAE.
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