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SUMMARY

Introduction/Objective The diffuse axonal injury has a very important place in clinical and forensic
aspects of neurotraumatology. A special challenge is proving it in situations of short survival (less than
two hours) after a craniocerebral injury.

The aim of this study was to determine the efficacy of beta-amyloid precursor protein (BAPP) immuno-
histochemical staining in postmortem diagnosis of axonal injuries in head injury survival shorter than
two hours, its expression, and distribution through the brain tissue of the deceased.

Methods 36 adult fatalities, both sexes, injured by acceleration-deceleration mechanisms were divided
into two groups: died up to two hours and died more than two hours after the injury. Inmunostaining
of brain tissue samples (frontal parasagittal white mass, genu and splenium of the corpus callosum and
rostral pons) was used to register BAPP positivity. Data were processed by methods of descriptive and
inferential nonparametric statistics, and p < 0.05 was considered statistically significant.

Results The BAPP immunopositivity was shown in 88.9% of cases (82.3% of < two hours group vs. 94.7%
of > two hours group). BAPP expression was enhanced towards the posterior structures of the brain.
The shortest survival period with detected BAPP immunopositivity was 20-25 minutes, in three cases.
There was an association of BAPP expression in the brainstem and interhemispheric/perimesencephalic
subarachnoid hemorrhage (p = 0.035).

Conclusion BAPP immunohistochemical staining is effective in proving diffuse axonal injury in casualties
that survived less than half an hour. Interhemispheric/perimesencephalic subarachnoid hemorrhage may

indicate a more severe form of axonal injury.
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INTRODUCTION

Diffuse axonal injury (DAI) is one of the most
common forms of diffuse brain injury. It is of-
ten present in traffic traumatism and can also
be seen after falls from height, and blows to the
head. Regardless of the mechanism of injury,
the basic biomechanical principle of DAT is the
acceleration-deceleration mechanism with ele-
ments of head rotation [1, 2]. The injury begins
with the direct action of mechanical forces that
cause the primary axonal injury followed by
the pathophysiological cascading process of
secondary axonal injuries that develops over
time (for hours and days). The primary axo-
nal injury occurs less frequently and to a lesser
extent, while the secondary axonal injury is
the dominant pathophysiological event [1, 3].
Clinically DAI is characterized by a prolonged
comatose state (over six hours) in the absence
of increased intracranial pressure or ischemic
processes. Modern magnetic resonance im-
aging (MRI) techniques are sensitive enough
to register the presence of an axonal injury
in patients who have survived craniocerebral
trauma long enough. Unfortunately, MRI is

not a routinely applicable diagnostic method
in the acute phase of diagnosis, immediately
after injury. The reason is the incompatibility of
the technical and procedural properties of MRI
and the unstable condition of the traumatized
patient who requires different types of support
for vital functions in the initial phase of care.
In this phase, computed tomography (CT) is
still an indisputable radiological diagnostic
method, but unfortunately it is insufficiently
powerful in the detection of axonal injuries.
Macroscopic pathomorphological manifesta-
tion of the axonal injury is often absent and not
visible during autopsy. Pathomorphologically
DALI is manifested by irregular axonal thicken-
ing, swelling (so-called varicosities) of partially
damaged axons, and axonal bulbs at the ends of
complete axonal tears [4]. These lesions are dis-
seminated and scattered mainly along with the
central brain structures: the parasagittal white
matter of the frontal lobes, corpus callosum, in-
ternal capsule, thalamus, brainstem, and some-
times in the white matter of the cerebellum.
Besides BAPP there are also other biomarkers
in DAI diagnostic: N-acetylaspartate, glial fi-
brillary acidic protein, S100 calcium-binding
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protein B, ubiquitin C-terminal hydrolase, neurofilament-
light etc. [5, 6, 7].

DALl is not exclusively of traumatic origin, but can also
occur as a part of the development of brain edema, cerebral
hypoxia, intoxication, etc. [8, 9]. Therefore, the term DAI
is often changed to the more specific name of a traumatic
axonal injury, which emphasizes its traumatic etiology. In
literature, the classification of axonal injuries according to
Adams is generally accepted [10]:

- grade 1: microscopically verified axoplasmic damage
in the white matter of the cerebrum, corpus callosum,
or brainstem;

- grade 2: grade 1 + focal lesions (bleeding) in the cor-
pus callosum;

- grade 3: grade 1 + grade 2 + focal lesions in the ros-
tral part of the brainstem and the upper cerebellar
peduncles.

Special forensic significance is the fact that DAI very
often ends in death, sometimes in a short period of sev-
eral hours. In these situations, the primary axonal injury
and the rapid decay of axons in certain, vital regions of
the brain play an important role. This is especially true
in cases where the axonal injury is the only intracranial
pathological change. Its presence proves the viability of
the injury (vital reaction), determines the exact cause of
death and the possible mechanism of the injury, which are
all crucial forensic issues.

The aim of this study was to test the efficacy of BAPP
immunohistochemical staining in casualties that survived
less than two hours after the injury, to examine the preva-
lence, distribution, and characteristics of the axonal injury
of the deceased.

METHODS

Brain tissue was collected during regular forensic autop-
sies at the Institute for Forensic Medicine of the Republic
of Srpska in Banja Luka, in the period from June 2017 to
the end of 2019. The study included fatalities in accel-
eration-deceleration mechanisms (traffic accidents, fall
from height, blows to the head), whose autopsies were
performed up to 24 hours after death. A total of 36 brains
of the deceased, both sexes, aged 18-81 years were col-
lected. Brain tissue samples from the parasagittal white
matter of the frontal lobe, anterior (genu) and posterior
(splenium) parts of the corpus callosum, the rostral part
of the pons with the upper cerebellar peduncles were tak-
en for the study. The sex, age distribution, and the mode
of injury (drivers/passengers in the vehicle, pedestrians,
cyclists, motorcyclists, falls from height and blows to the
head), brain mass, the Glasgow Coma Scale (GCS), frac-
tures of cranial bones, focal lesions, and the presence of
microbleeds in the brain tissue were observed. Exclusion
criteria were: deceased under 16 years of age, and cases
with confirmed neurodegenerative, inflammatory, or
global ischemic-hypoxic changes of the central nervous
system. The control group (10 subjects) consisted of brain
tissue of deceased who died from causes not related to
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neurotrauma, without verified neurodegenerative, hypox-
ic-ischemic, hypoglycemic, and inflammatory changes of
the central nervous system. The police reports and medical
documentation determined the exact time and manner of
the injury, the time of death, and the period of survival.
During autopsy, all macroscopic craniocerebral injuries
were carefully registered. The brain was examined on 1
cm thick cross-sections while brainstem and cerebellum
were analyzed on 0.5 cm thick horizontal sections. Then,
tissue blocks were taken from: the parasagittal white matter
of the frontal lobe, the genu and splenium of the corpus
callosum, and the rostral part of the pons. After fixation
in a buffered solution of 10% formalin, standard molding
and preparation of histological specimens was performed.
Hematoxylin-eosin staining excluded pathological changes
in brain tissue such as diffuse edema, brain atrophy, degen-
erative, inflammatory, general hypoxic-ischemic changes,
and verified possible microbleeds.

For immunohistochemical staining we have used:
monoclonal antibodies to BAPP (BAPP - Monoclonal
Mouse Anti-Human B-Amyloid, clone 6F/3D, dilution
1:50 DAKO, Glostrup, Denmark), labeling of the anti-
gen-antibody complex with streptavidin-biotin method
(DAKO, K 0690), and visualization of tissue sections
by dropping diamino-benzidine (DAKO, code 3466).
Immunohistochemical staining registered 8APP positiv-
ity on the analyzed sections through the presence of axonal
bulbs and/or varicosities, and it was semiquantitatively
assessed by the Gentleman's scale [11]:

- “0” no staining;

- “+” weak positivity (isolated, sporadic scattered axo-

nal varicosities);

- “++” typical positivity (grouped axon bulbs and vari-
cosities);

- “+++7 strong positivity (diffusely spread, involving
larger parts of the visual field or bundles of nerve
fibers).

DAI grading was performed according to the Adams
classification [10]. To check the efficacy of the selected
BAPP immunohistochemical technique in cases of short
survival, two groups were formed, adjusted by sex, age,
and mechanism of injury: group I - 17 brains of deceased
who died within two hours after the injury, and group
IT - 19 deceased who survived over two hours. The con-
sent of the Ethics Committee of the University Clinical
Center of the Republic of Srpska in Banja Luka was ob-
tained for this research. Statistical analysis was performed
with SPSS 16.0 software (SPSS Inc., Chicago, IL, USA).
Sex, age distribution, and mode of injury were presented
numerically, as a percentage and medians. Nonparametric
x> and Fisher’s exact test were used to compare categorical
variables and to check the interconnection of individual
variables. The Kruskal-Wallis and Mann-Whitney U tests
were used to test the differences in the distribution of in-
dependent features with the ordinal scale of measurement.
The Spearman’s rank correlation coefficient was used to
analyze the correlation of the two features with the ordinal
scale of measurement. The statistical significance threshold
was p < 0.05.
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Table 1. Demographic characteristics, mechanism of casualties and associated cra-

niocerebral injuries in observed groups and total

Table 2. Distribution of BAPP immunoexpression in the
observed brain regions (total)

Values are presented as numbers (%), median and range for years; AssCraniolnjuries —

associated craniocerebral injuries; HED - epidural hemorrhage; HSD - subdural hemorrhage;
SAH - subarachnoid hemorrhage; IVH - intraventricular hemorrhage; CCH - corpus callosum
hemorrhages; BSH - brainstem hemorrhages; Pet. hemorrhages - petechial hemorrhages; p

value - x? and Kruskal-Wallis* test; boldface type indicates statistical significance

RESULTS

Table 1. shows basic demographic data, mechanism of in-
jury and associated craniocerebral injuries by group and in
total. In our sample, male gender and traffic accidents as a
mechanism of injury were dominant. The most common
associated craniocerebral injuries were subdural hemor-
rhage (HSD), subarachnoid hemorrhage (SAH) and skull
bone fracture. Statistical comparison of these variables
between groups revealed a significant difference only in
the presence of brain tissue contusions, which were signifi-
cantly more often present (14 contusions) in the group that
survived longer (x> p = 0.003; Kruskal-Wallis p = 0.000,
Mann-Whitney U p = 0.000).

Axonal injury

On a total sample of 36 brains, BAPP immunopositivity
was demonstrated in 32 cases or 88.9%. According to the
observed brain regions, in the parasagittal white matter,
the axonal injury was confirmed in 75% of cases, in the
genu of the corpus callosum 72.2%, in the splenium of the
corpus callosum 77.8% and in the pons 77.8%. According
to the Adams classification of the severity of the axonal
injury, grade 1 of DAI was found in 20 (55.6%) cases, in
nine cases grade 2, and grade 3 in three cases. BAPP immu-
nostaining revealed a fairly even distribution of the axonal
injury through the observed regions of brain tissue, with
a noticeable shift in the expression intensity to the poste-
rior structures of brain tissue and the highest frequency
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Variables Total < two hours | > two hours BAPP | Front.(N) | CCG (N) CCS(N) | Pons (N)
(36 cases) | (17 cases) (19 cases) p + 15 8 8 7

ﬁgs ()é')ears): median | 51 (15_81) | 45(19-81) | 54(18-81) 0302 ++ 10 16 17 9

: 9 et 2 2 3 12

ex:

male 30(833) | 15(882) | 15(789) 0472 0 o 10 8 8

female 6(16.7) 2(11.8) 4(21.1) BAPP - beta amyloid precursor protein; Front. — parasagittal

Mechanism of injury: white matter of the frontal lobe; CCG - genu of corpus callo-

) ’ sum; CCS - splenium of corpus callosum; + - weak positivity;
drlver/passenger 12(33.3) 7(41.2) 5(26.3) ++ — typical positivity; +++ — strong positivity; 0 - negative
pedestrlar? _ 10 (27.8) 4(23.5) 6(31.6) 0372 BAPP immunoexpression
motorcyclist/cyclist 8(22.2) 4(23.5) 4(21.1)
fall from height 4(11.1) 2(11.8) 2(10.5)
blow to the head 2(5.6) 0(0.0) 2(10.5) . e e .
Glasgow coma score: of strong immunopositivity in the pons region
<8 30(83.3) 14 (82.4) 16 (84.2) 0.475 (Table 2, Figure 1). Spearman’s correlation
9-12 6(16.7) 3(17.6) 3(15.8) test confirmed a weak relationship between
AssCraniolnjuries: the presence and intensity of axonal injuries
ﬁ?g'al fractures 22 5276?) 13 0(306)‘5) ! 25 ((1708'59)) 8?23 in the parasagittal white matter of the frontal
HSD 30 (83.3) 14 (82.4) 16 (84.2) 0881 lobe and the anterior parts of the corpus cal-
SAH 28(77.8) | 14(824) 14.(73.7) 0.532 losum (r = 0.395), and a moderately strong
ICVCHH 3? Egg'zi 162 (275056)) 151 ((2567:39)) g'ggg association between the posterior parts of the
BSH 4(11.1) 3(17.6) 1(5.3) 0238 corpus callosum and the rostral region of the
Contusions 18 (50.0) 4(23.5) 14 (73.7) | 0.003 (0.000%) brainstem (r = 0.627).

Pet. hemorrhage 11 (30.6) 5(29.4) 6(31.6) 0.888 In the group of deceased that survived up to

two hours, PAPP immunostaining showed the
presence of a DAI in 14 brains (82.3%), while
in the group where the deceased survived
more than two hours, BAPP immunopositiv-
ity was present in 18 of 19 cases (94.7%). The
shortest survival period in which fAPP im-
munostaining confirmed an axonal injury was about 20-25
minutes, in three cases. The first case was a 30-year-old
man, a cyclist, with a weak expression in the splenium of
the corpus callosum (+) and a typical immunopositivity in
the pons (++). Second case was a 35-year-old male, pedes-
trian, with weak immunopositivity in the white matter of
the frontal lobe (+), typical through the corpus callosum
(++) and very strong in the pons (+++). The third case
was a 34-year-old man, a car driver, with a verified axonal
injury in the frontal white matter (++), splenium of the
corpus callosum (+), and pons (+++) (Figure 2). In the first
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Figure 1. BAPP immunopositivity in the pons of a deceased who sur-
vived trauma for 50 hours; numerous, almost parallel-oriented, varicose
thickened axons; a 54-year-old male, cyclist; BAPP immunostaining,
40 x magnification
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Figure 2. BAPP immunopositivity in the pons of deceased who sur-
vived trauma for 20-25 minutes; there are pronounced axonal bulbs
and more discreet axonal varicosities that extend through the pons; a
34-year-old male, car driver; BAPP immunostaining, 40 X magnification

two cases, there were similar associated craniocerebral in-
juries: fracture of the roof and base of the skull, HSD, SAH,
intraventricular hemorrhage and brainstem hemorrhage,
with petechial hemorrhage in the white matter and corpus
callosum in the first case. In the third case, in addition to
the axonal injury, less pronounced HSD and SAH were
found. When comparing the efficacy of BAPP immunos-
taining in the both groups, there was no statistically signifi-
cant difference between observed regions (Table 3). The ¥
test showed statistical significance between the presence of
petechial hemorrhages in the parasagittal white matter of
the frontal lobes and the axonal injuries in the anterior part
(genu) of the corpus callosum (p = 0.023) but the associa-
tion of petechial hemorrhages with the axonal injury in the
white matter of the frontal lobes has not been confirmed
(p = 0.064). The association of PAPP immunopositivity
expression in the brainstem with diffusely disseminated
and interhemispheric/perimesencephalic localized SAH
was found (p = 0.035).

Table 3. Comparison of BAPP immunopositivity in the observed brain
regions by groups

BAPP Front. (N) CCG (N) CCS (N) Pons (N)
<2h>2h | <2h>2h | <2h>2h|[<2h>2h
+ 8 7 2 6 2 6 2 5
++ 5 5 7 9 11 6 5 4
+++ 0 2 1 1 0 3 7 5
0 4 5 7 3 4 4 3 5
9] 0.557 0.290 0.095 0.547
0.706* 0.051* 0.283* 0.394*

BAPP - beta amyloid precursor protein; Front. - parasagittal white matter of
the frontal lobe; CCG - genu of corpus callosum; CCS - splenium of corpus
callosum; + — weak positivity; ++ - typical positivity; +++ — strong positivity;
0 - negative 3 APP immunostaining; p - x* test, *Kruskal-Wallis test

In the control group (five males and five females, aged
21-77 years), six died of natural causes, three due to as-
phyxia and one of the consequences of stab wounds to the
chest, without verified mechanical head injuries. Brain tis-
sue immunostaining for BAPP was negative in all observed
brain regions in all ten cases.
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DISCUSSION

Over two-thirds of the victims with DAI are active work-
ers. Men in traffic accidents are the most common casual-
ties. This is in line with the results of other studies on DAI
and craniocerebral trauma [12, 13]. The measured GCS
values in the vast majority of casualties in this research
indicated severe craniocerebral injury. The remaining,
smaller number of cases with more favorable GCS (9-12)
showed milder forms of DAI. Although not statistically
significant, such distribution of GCS values is quite con-
sistent with the fatal injury outcome and views that GCS
is one of the indicators of severity of craniocerebral in-
jury and recovery outcome predictor [14, 15]. In severe
craniocerebral injuries with a fatal outcome, we most of-
ten saw a polymorphic pathomorphological image: skull
fractures, various types of intracranial hemorrhage, and
brain contusions with associated diffuse injuries of brain
tissue, including axonal injuries. The available literature
describes links between intraventricular hemorrhage and
the presence of an axonal injury in the corpus callosum
and pons [16]. In our study, such results were not con-
firmed and there was a significant association between
DAT and most of the observed associated craniocerebral
injuries. The connection between the expression of the
axonal injury in the pons with SAH (interhemispheric and
perimesencephalic), as well as diffusely spread SAH is dis-
tinguished. Similar results are described in recent studies
[17, 18] which emphasizes the need for further research
on whether this type of SAH can serve as a marker of se-
vere DAI already in the initial phase of diagnosis (CT) and
treatment of these patients. In forensic terms, this could
indicate a very similar mechanism of injury by shearing
forces of different layers of brain tissue and accompanying
blood vessels. The association of petechial hemorrhage
in the white matter of the frontal lobes and the axonal
injury in the anterior segment of the corpus callosum,
in this study, was not followed by the same relationship
between petechial hemorrhage and axonal injury in the
same localization (white matter of the parasagittal frontal
region), although the significance level (p = 0.064) is at the
very border of significance. These results do not contradict
current views on the connection between microbleeds and
axonal injuries [19, 20], but also do not confirm them with
certainty. Reasons for this may be found in inconsistent
research methodologies, the method of measuring the
severity of certain types of injuries, etc. From the forensic
point of view, cases where the axonal injury is a solitary
craniocerebral injury are especially interesting. There were
only two such cases in our study; the first is a 19-year-old
young man, a car driver who survived for about 50 min-
utes, with a very strong immunopositivity in the brainstem
and weak expression in the frontal white matter. The other
was a 50-year-old man, a driver who survived six and a
half hours, with typically pronounced immunopositivity
in the corpus callosum and brainstem while a weak APP
immune reaction was found in the frontal white matter.
However, in both cases, there were associated injuries of
other organ systems (contusions of lung tissue, fractures
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of long bones, lacerations of the liver, etc.) which were not
necessarily fatal but certainly contributed to the fatal out-
come. We believe that the strong expression of the axonal
injury in the brainstem in the first case, as well as the typi-
cal expression of the axonal injury through the brainstem
and corpus callosum in the second case, can be considered
as the immediate cause of death within the experienced
polytrauma. No significant differences were found be-
tween the observed groups in terms of the prevalence of
associated craniocerebral injuries, except in the case of
brain contusions. Brain contusions were significantly more
common in the group that survived longer. The probable
explanation is that brain tissue contusions develop as a
function of time and often progress in the posttraumatic
period. In that way, the minor contusion injury, seen at
the beginning, spreads over time and becomes easier to
see visually. This expansion of the contusion focus was
registered during the first 12 hours, sometimes the first 3-4
days after the injury, in which microvasculature lesions in
the contused region and the release of transcription factor
1 and nuclear factor kappa B play an important role [21,
22, 23]. Expression of BAPP immunopositivity on a total
sample close to 90% confirms the view of Gentleman et al.
[11] that DAI is almost a regular finding in the case of a fa-
tal blunt force head injury. In casualties that survived up to
two hours, the immunopositivity is only slightly lower, but
still over 80%, so we did not establish a significant differ-
ence between the observed groups. This study confirmed
that BAPP immunostaining showed high sensitivity and
efficacy in detecting axonal injuries in persons who died
in a period much shorter than two hours. The shortest
survival period with a positive PAPP immune reaction was
about 20-25 minutes, confirmed in three cases. All three
cases had been associated with various focal craniocerebral
injuries. A similar short survival period in which BAPP
immunostaining was successfully obtained is reported by
Hortobagyi et al. [24].

The distribution of PAPP immunopositivity is fairly
even throughout the observed regions of the brain, which
corresponds to the notion of axonal injury as a diffuse
cerebral injury. However, it is evident that the expression
of PAPP immunopositivity increases from the anterior to
the posterior structures of the brain (weak positivity is
most common in the frontal white matter, typical through
the corpus callosum and strong in the rostral parts of the
brainstem). This finding is expected given the vital impor-
tance of brain regions such as the brainstem and corpus
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EkcnpecuBHOCT M aucTpubyumja 6eta ammnongHoOr NPeKypPCopHOr NPOTEUHCKOT
MMYHOMapKepa Yy A0Ka3nBakby AndY3He aKCOHCKe nesmje

Hann6op Heguh', Bnagumunp Munuja?, Agnc Cannxberosuh’

'3aBop 3a cyAcky meauumHy Penybnuke Cpncke, bama Jlyka, BocHa v XepLerosuHa;
2KnuHuuky LeHTap BojBoauHe, LieHTap 3a cyacky MeauLIMHy, TOKCUKONOTUjy 1 MoneKynapHy reHeTnky, Hosu Capg, Cpbuja;
YHnBep3uTeT y CapajeBy, MegnumHcku dpakyntet, MHCTUTYT 3a cyncky meguuuHy, CapajeBo, bocHa u XepLerosuHa

CAXETAK

YBog/LUurmb [udy3Ha akcOHCKa Ne3uja rma BaxHy ynory y ca-
BpPEMeHOj HeypoTpayMu, Y KNMHUYKOM Kao 1 GOpeH3NYKOM
acnekTy. [ocebaH 113a30B je HeHO OKa3VBatbe y CUTyalimjama
KpaTKor HaJpKrB/baBatba KpaHroLepebpanHe NoBpese, UCNog
[Ba caTa.

Linmb oBor pafa je yTBpAUTY ePUKaCHOCT MYHOXICTOXEMMCKOT
60jerba 6eTa aMUIOUAHOr NPeKypcopHor npotenHa (BAPP) y
NMOCTMOPTASIHOj ANjarHOCTMLIM aKCOHCKeE Ne3uje KOA HafKnBIba-
Bakba MOBpefe raBe Kpaher o fiBa caTa, heroBy ekcnpecujy 1
ANCTPUOYLMjy KPO3 MOXAHO TKBO CMPTHO CTPaAanmXx.
MeTope Y30pak of 36 CMPTHO CTpaganux, ogpacie gobu, oba
nona, y akLenepaumjcko-geLenepaLmjckum mexaHm3amMmma,
NofesbeH je y iBe rpyrne: yMpav Ao fiBa caTa 1 yMpAu nocne
BULLE Of ABa caTa of nospehmBatba. IMyHOXMCTOXeMMjCKIM
60jerbeM y30paka MOXAaHOT TKMBa (GppoHTanHa napacaruTanHa
6ena maca, reHy 1 CrIeHVjyM KOpMycC KNlasio3yMa, poCcTpasiHy
[e0 MoHca) perncTpoBaHa je SAPP NO3UTUBHOCT aHaNU3MpPaHnX

Ball: https://doi.org/10.2298/SARH210728094N

ncevaka. [lobujeHun nogaum obpaheHn cy meToaama Aeckpur-
TUBHE 1 MHPepeHUMjaHe HenapamMmeTpujcke CTaTUCTHKE, ca
HMBOOM CTaTUCTUYKe 3HayajHocTu p < 0,05.

Pesynrtatu SAPP uMyHono3nTBHOCT noTBpheHa je Koa 88,9%
cnyyajeBa (82,3% ympnux fo aBa cata 1 94,7% ympnux nocne
BULUE oA fBa caTa). BAPP nMyHOMO3UTMBHOCT Ce MojayaBa Ka
3aAtbVM CTPyKTypama mo3ra. Hajkpahu nepuop Hagxuerba-
Batba Ca feTektoBaHOM BAPP umyHonosutrsHowhy je 20-25
MUWHYTa, y TpY ciyyaja. YoueHa je noBesaHocT BAPP ekcnpecuje
y MOXAaHoM cTabny ca nHTepxemmcdepryHo/neprmeseHeda-
NINYHOM cybapaxHouaanHom xemoparujom (p = 0,035).
3aksbyuak SAPP nMyHOXVCTOXeMUjCKO 6ojere nokasyje edu-
KaCHOCT y AoKa3vBatby Avdy3He akCOHCKe Nie3unje Koa HampKu-
B/baBaa Kpaher o nona cata. iHTepxemmchepuyHo/nepume-
3eHUedannyHo NoKanM3oBaHa cybapaxHouganHa Xxemoparuja
MOXe yKa3uBaTh Ha Texke popMe Ardy3He akCOHCKe nesuje.
KrbyuHe peun: kpaHuoLepebpaHa Tpayma; Andy3Ha akcoHCKa
ne3wja; CMPTHU NCXOoA; 6eTa aMUNOVAHN NenTug
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