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ApyuITBa OCHOBaH 1872. rofmHe, y KojeM ce 00jaB/byjy pajjoBI YIaHOBA

CpIicKOT IeKapCKOT PYINTBA, IPETIIATHIKA YacOINMCa U YIaHOBa IPYTUX
ApYLITaBa MEUIMHCKMX U CPOJHUX CTpyKa. Yacomuc 06jaBibyje: OpUriHamHe
pajioBe, CAOMIITEA, pUKase 60MeCHNKa, TIPeriefie MUTepaType, aKTyenHe TeMe,
PajioBe U3 UCTOpHUje MeULIMHE, PaIOBE 32 IIPAKCY, PaJiOBE KOji Ce OJIHOCE Ha je3nK
MeMIJHe, PajjoBe 13 MeTUIIMHCKe eTHKe (KIMHIYKA eTHKA, eTUKA IIyO/I1KOBaba,
Ppery/IaTopHy CTaHJaPAN y MeAUIINHM), U3BEILITaje C KOHIPeca I CTPYYHNX cacTa-
Haka, CTPy4YHe BeCTH, IIPVKase Kibura u gomuce 3a pybpuke Cehame, In memoriam
u Promemoria, a0 1 KOMEHTape U MUCMa YPEHUIITBY.

CBu pykomucy Koju ce pasmMarpajy 3a mraminame y ,CpIcKoM apXuBy 3a 1ie-
JIOKYITHO JIEKapCTBO He MOTY Jia Ce IIOJHeCy MK fia Oy[y pasMaTpaniu 3a my6/m-
KOBambe Ha IPYTUM MecTyMa. PajioBu He cMejy fa Oy/y IPETXOHO IITaMIIaHN Ha
APYTUM MecTMa (HeMMUYHO WIH Y TIOTITYHOCTH).

IIpucnenu pykomuc Ypehusauku of6op 1masme peljeH3eHTUMA pajii CTPydHe
mpolleHe. YKOMMKO PelieH3eHTH IIPefi/Ioxe M3MeHe M/IH OIyHe, KOTINja pelieHsuje
ce JOCTaB/ba AyTOPy € MOZIGOM JIa yHece TpaXkeHe M3MeHe Y TeKCT paja Win fja
apryMeHTOBaHO 00Pas/oX CBOje Hec/arame ¢ npuMedama periensenTa. Konauny
OJUTYKY O IPUXBaTakby pajia 3a MITaMITy JOHOCK I/IABHY ¥ OJITOBOPHM yPETHMUK.

3a obja/beHe pajiose ce He ucrrahyje XoHOpap, a ayTopcka mpasa ce IIpeHoce
Ha 13fjaBava. Pykomicu u mpumosu ce He Bpahajy. 3a pernpoyKIijujy 1y HOHOBHO
00jaB/bUBaIbe HEKOT CETMEHTA pajia Iy O/IMKOBAHOT Y ,, CPIICKOM apXUBY ' HEOIIXOIHA
j€ carymacHoCT nsgaBava.

PajioBu ce mTaMIIajy Ha €HITIECKOM je3MKY Ca KPaTKIM CaJipXKajeM Ha eHITIECKOM
¥ CPIICKOM je3WKY, OfJHOCHO Ha CPIICKOM je3NKy, hupumniiom, ca KpaTkuM cajp-
KajeM Ha CPIICKOM Il eHITIECKOM je3NKY.

AyTopu IpUXBaTajy NOTIYHY OATOBOPHOCT 32 TAYHOCT 1I€/IOKYIIHOT CafipKaja
pykomyca. Marepujan my61mKaiyje npecTaB/ba MALIbebe ayTopa i Huje HY)KHO
onpas Munbera Cprickor nekapckor apymTsa. C 0631poM Ha 6p3 Halpeak Me-
AMIMHCKE Hay4YHe 00/1aCT, KOPUCHUIM TPeba /la He3aBICHO IIPOLetbYjy nHpOopMa-
1L[11jy TIpe HeTOo LITO je KOPYCTe M/ Ce Ha Iy 0Cambajy. CPIICKO /IeKapCKo APYLITBO,
ypenuuk mwin Ypehusauku og6op ,Cprickor apxusa 3a Lie/IOKYIHO eKapCTBO“ He
HpUXBaTajy 6110 KaKBY OJArOBOPHOCT 3a HABOJIE Y pafioBuMa. PekraMHu MaTepujan
Tpeba fa byye y CKmay ¢ eTHIKuM (MeUIMHCKIM) ¥ IIPAaBHUM CTaHAapanMa. Pe-
K/TaMHI MaTepMjan meyqu y OBaj Jacomnuc He rapaHTyje KBa/IMTET M/IV BPETHOCT
OI/TALIEHOT TPOM3BOJIA, OfHOCHO TBP/be MponsBobaya.

IToHeceHy PYKOIIIC IIOAPa3yMeBa fia je Ier0BO Iy 6/IMKOBatbe 0100PHO OAro-
BOPHM ayTOPUTET YCTAHOBE Y KOjOj je MCTpakuBarbe 06abeHo. Vsnasay ce ehe
CMaTpaTy IPaBHO OJTOBOPHIUM Y C/Ty4ajy IOJHOIIEHa OO0 KaKBOT 3aXTeBa 3a
Kommensaryjy. Tpeba fja ce HaBely CBU M3BOPU (UHAHCHPaba Pajia.

Cpncxn ApXUB 32 LETIOKYITHO 1eKapCTBO je yacomuc CpIICKOT IeKapCKoT
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SUMMARY

Introduction/Objective This study was aimed at evaluating dentin permeability after irrigation with
sodium hypochlorite (NaOCl) and final rinse with chlorhexidine (CHX), ethylenediamine tetraacetic acid
(EDTA) + CHX, and new combination products: QMiX or MTAD.

Methods Roots of 60 maxillary incisors were randomly divided into five groups (n = 12) before instru-
mentation and irrigation with NaOCl according to the final irrigation regimen: CHX (2% CHX), EDTA + CHX
(17% EDTA + 2% CHX), QMiX, MTAD, and control group (distilled water). After final irrigation, ten roots of
each group were horizontally sectioned and dye penetration was evaluated in the coronal, middle, and
apical thirds. Remaining samples were subjected to scanning electron microscopy. Data were analyzed
with ANOVA/Tukey's test.

Results Less dye penetration was found in CHX group compared with control as well as with QMiX and
MTAD group in all thirds (p < 0.05). A significant difference between the control and EDTA + CHX, QMiX
or MTAD group was observed only in the apical root third (p < 0.05).

Conclusion Dentin permeability was significantly reduced after final irrigation with CHX, but not after
use of other final irrigation solutions, except in the apical third of the root canal.

Keywords: dentinal tubule cleansing; intra-canal disinfectants, irrigants; chlorhexidine; EDTA; MTAD;
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INTRODUCTION

Irrigation is essential for successful debride-
ment of the root canals with mechanical proce-
dures [1]. Sodium hypochlorite (NaOCI) is the
most commonly used irrigation solution due to
its antimicrobial action and tissue-dissolving
potential [2, 3]. However, NaOCl is not suffi-
cient for total cleaning of the root canal system
from microorganisms, debris, tissue remnants,
and the smear layer. For optimal irrigation, a
combination of irrigation solutions has to
be used. Therefore, NaOCl has been used in
combination with demineralizing agents such
ethylenediamine tetraacetic acid (EDTA), for
effective removal of the smear layer. Chlorhexi-
dine (CHX), a chemical substance with consid-
erable antimicrobial properties has, been stud-
ied as a final irrigation solution after NaOCl
and EDTA [2]. Recently, QMiX and MTAD,
new combination products, have been aimed at
removing the inorganic smear layer and disin-
fecting the root canal system following NaOCl
irrigation [4, 5, 6]. QMiX and MTAD contain
an antibacterial agent with known prolonged
antimicrobial action (substantivity) (CHX and
doxycycline, respectively), a demineralizing

agent (EDTA and citric acid, respectively), and
a detergent [7, 8].

Although a combination of irrigants may
enhance its antimicrobial and cleaning effec-
tiveness, a possible chemical reaction between
them has to be considered. This is especially
evident when CHX is combined with NaOCL
The chemical interaction between these two
solutions results in the color change of mix-
ture to brown and formation of precipitate [9].
When associated with EDTA, CHX produces
white precipitate [10, 11]. In QMiX, this inter-
action is avoided by its chemical design [5]. The
combination of QMiX with NaOCI produced
inconsistent results. While some authors found
orange-brown precipitation, others found visu-
ally detectable color change but without precipi-
tate formation in the interaction of these two
solutions [12, 13]. When MTAD was added to
NaOCl, yellow precipitate formed [14].

The clinical significance of the precipitate
formed in interaction with NaOCl and CHX
is that it may contain substance harmful to the
general health [15]. Concerns have been raised
that color change could compromise esthetics
[16]. Furthermore, it can act as a chemical
layer occluding dentinal tubules and altering
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dentin permeability [17, 18]. Subsequently, diffusion of
intracanal medicaments and sealing of root canal could
be compromised [19]. The penetration of the precipitate
into dentinal tubules formed in interaction between either
NaOClI or CHX and other irrigation solutions has not yet
been clarified.

Therefore, this study was aimed at evaluating dentin
permeability after irrigation with NaOCI and final rinse
with CHX, EDTA + CHX, QMiX or MTAD. The null hy-
pothesis was that there would be no differences in per-
meability of root dentin between different final irrigation
solutions.

METHODS
Sample selection and treatment

This study was conducted after approval form the Institu-
tional Ethics Committee (No. 01-3-88/2015). Sixty intact
human maxillary incisors with single straight and mature
roots, and single canals extracted from 18-30-year-old
subjects were included in the study. Teeth with caries,
restorations, calcifications, intraradicular resorption or
complicated root canal anatomy were excluded. Root canal
anatomy was verified with radiographs. The root surface
was cleaned with a scalpel, ultrasonic instruments, and
brushes. The teeth were then stored in 0.9% saline with a
0.2% thymol solution at 4°C until use.

The crown of each tooth was cut to standardize the
root lengths to 14 mm. Before chemomechanical prepara-
tion, the root canals were divided into five groups (n = 12)
according to the final irrigant solution used: CHX (2%
CHX solution, Consepsis, Dentsply Tulsa Dental, Tulsa,
OK, USA), EDTA + CHX (17% EDTA, ENDO-SOLution,
Cerkamed, PPH Cerkamed, Stalowa Wola, Poland, and 2%
CHX solution, Consepsis, Dentsply Tulsa Dental), MTAD
(Dentsply Tulsa Dental), QMiX (Dentsply Tulsa Dental)
and distilled water (control group). The working length
was established 1 mm short of the apical foramen by #15
K-file (Dentsply Maillefer, Ballaigues, Switzerland). After
that, apical foramen of each root was sealed with wax. Root
canal preparation was carried out with Pro-Taper rotary
instruments (Dentsply Maillefer, Ballaigues, Switzerland)
up to F4 file (40/0.06) as the master apical file. The ca-
nals were irrigated with 1 mL 5.25% NaOClI, after each
instrument, except in the MTAD group, where canals were
irrigated with 1 mL 1.3% NaOCI (recommended manu-
facturer’s protocol). Irrigation was performed with 27
gauge stainless steel needles (Endo-Eze, Ultradent, South
Jordan, UT, USA), whose tip was placed 1 mm from the
working length and was then moved up and down during
irrigation. At the end of preparation, 5 mL of 17% EDTA
was used in the canals for five minutes for smear layer
removal, followed by distilled water, to remove traces of
EDTA. Then, 5 mL of 5.25% (CHX, EDTA + CHX, and
QMiX groups) or 1.3% NaOCI (MTAD group) was deliv-
ered into the canals for two minutes, followed by 10 mL
distilled water for two minutes to minimize the potential
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reaction between NaOCl and final irrigant solutions. Final
rinse was performed with 5 mL of 2% CHX, 17% EDTA,
followed by 2% CHX, QMiX, or MTAD for two minutes.
In the EDTA + CHX group, canals received an interme-
diate flush between two solutions with 10 mL of distilled
water for two minutes to prevent interaction. Finally, all
canals were dried with paper points.

Dentin permeability analysis

Ten roots of each group were externally coated with fast
polymerizing epoxy resin (Brascola Ltda, SP Santa Cata-
rina, Brazil) leaving the root canals free and immersed in
0.2% Rhodamine B solution. After 24 hours, specimens
were rinsed continuously under tap water over the next
24 hours. A sharp blade was used to remove resin coat-
ings, and the teeth were embedded in polyester resin.
Each root was horizontally sectioned using a slow-speed
water-cooled cut machine (Extec Labcut 1010, Enfield, CT,
USA) to obtain 1-mm-thick slices. All slices were polished
with silicon carbide papers to obtain a flat surface. A slice
from each third was randomly chosen, mostly from each
third’s middle portion, and scanned (Epson Perfection
1240U scanner; Epson Corp, Tokyo, Japan) with a resolu-
tion of 400 dpi, and analyzed with the software ImageLab
4.1 (Bio Red, Tokyo, Japan) to assess dye penetration. Dye
penetration in dentin was expressed as percentage of the
dye penetrated area in relation to the total root-third area.

Scanning electron microscopy analysis

Two roots of each group were prepared for scanning with
an electron microscopy (SEM) analysis. The roots were
transversely sectioned at 3 mm, 6 mm, and 9 mm from the
apex using a diamond disc at slow-speed. The specimens
were dehydrated using ascending grades of ethanol (25%,
50%, 75%, and 100%), mounted on an aluminum holder,
sputter-coated with gold, and then examined with SEM
(JEOL-JSM-6610LV, Tokyo, Japan). Specimens were ex-
amined at a magnification between 3,700x and 6,500x and
20 kV to detect precipitate formation on the root dentin
surfaces and inside the dentin tubules.

Statistical analysis

The statistical analyses were performed using SPSS soft-
ware, version 20.0 (IBM Corp., Armonk, NY, USA).
The results obtained for dye penetration (Kolmogorov-
Smirnov test p > 0.05) were submitted to the one-way
analysis of variance (ANOVA) and Tukey’s post hoc. The
significance levels were set at 5%.

RESULTS

The results of percentage of dye penetration are shown in
Table 1 and Figures 1, 2, and 3. The MTAD, QMiX and con-
trol group showed significantly higher dye penetration than

the CHX group in the coronal third (p < 0.05). In the middle
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Table 1. The mean + SD of dye penetration (%) in dentinal tubule at the coronal, middle and apical third of root dentin; mean values represented
with the same superscript uppercase (row) or lowercase (column) letters are not significantly different (p > 0.05)

Root level CHX EDTA + CHX QMiX MTAD Distilled water
Coronal 61.61 + 14.56* 76.72 £10.7142 81.33 £ 6.74% 79.28 +7.81% 83.77 £17.65%
Middle 25.80 +£9.03 52.95 + 15.28% 62.24 + 15378 58.52 + 13.30%° 65.50 + 18.28°°
Apical 14.43 £ 3.85% 16.80 + 4.9148¢ 24.57 +5.238¢ 25.87 £ 6.56% 36.01 £ 12.19%
CHX - chlorhexidine; EDTA - ethylenediamine tetraacetic acid
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Figure 1. Box plots of dye penetration (%) in the coronal third; hori-
zontal bars - medians; box-boundaries - the 25th and 75th percen-
tiles; whiskers — maximum and minimum observed values; 0 - outliers
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Figure 2. Box plots of dye penetration (%) in the middle third; horizon-
tal bars - medians; box-boundaries — the 25th and 75th percentiles;
whiskers — maximum and minimum observed values; 0 - outliers;

*extreme values

third, all groups showed more dye penetration compared to
the CHX group (p < 0.05). Finally, in the apical third, the
control group showed significantly more dye penetration
than other groups (p < 0.05), while both MTAD and QMiX
groups showed significantly greater dye penetration than
the CHX group (p < 0.05). The highest dye penetration was
recorded in the coronal thirds of all groups with significant
differences between the thirds (p < 0.05) (Table 1).
Representative SEM images of samples irrigated with
different final irrigation protocols are shown in Figure 4.
Precipitate was found in the samples irrigated with CHX,
EDTA + CHX, QMiX, and MTAD, while the control group
revealed root canals without precipitate formation.

‘ DOI: https://doi.org/10.2298/SARH170731193B

Figure 3. Box plots of dye penetration (%) in apical third; horizontal
bars — medians; box-boundaries — the 25th and 75th percentiles; whis-
kers — maximum and minimum observed values

DISCUSSION

The present study evaluated the interaction between Na-
OCl and different final irrigants (CHX, EDTA + CHX,
QMiX, and MTAD) and its effect on dentin permeability.
Root canal irrigation with CHX significantly decreased
dentin permeability, while other final irrigant solutions
exert no significant effect, except in the apical third.

A closed-end canal model was used in the current study
to mimic a clinical setting. Distilled water was used be-
tween NaOCI and final irrigation solution (CHX, EDTA
+ CHX, QMiX, and MTAD) as well as between EDTA
and CHX in order to prevent precipitation, as it has been
recommended in clinical conditions [4]. Moreover, the
operational sequence used was aimed to exclude effect of
smear layer on dentin permeability.

In the present study, irrigation with CHX after NaOCl
significantly reduced dentin permeability in all thirds of
root canals compared to the control group. This result in-
dicates that the product formed in the interaction between
NaOCl and CHX, characterized as brown precipitate, is
present in dentinal tubules, as has been shown previously
[9, 13]. This can be explained by the ability of both solu-
tions to diffuse into tubules up to 500 um, according to
the results of studies that have used dyes or measured their
antibacterial penetration [18, 20, 21, 22]. Akisue et al. [18],
employing the same methodology for specimen analysis
as in the present study, found that precipitate formed be-
tween 1% NaOCl and 2% CHX caused reduction of dentin
permeability only in the apical third, when compared to
no irrigation control group and group irrigated with 15%
citric acid followed by 2% CHX. Discrepancy in the re-
sults between our study and the mentioned one could be

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):492-497
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b) EDTA + CHX

d) MTAD group

e) Distilled water

Figure 4. Scanning electron microscope images (magnification between 3,700x and 6,500x) of the sectioned specimens showing precipitate
formation on the root dentin surfaces and inside the dentin tubules after final irrigation with CHX (a), EDTA + CHX (b), QMiX (c), and MTAD (d);

in the control group (distilled water), precipitate was not found (e)

attributed to the concentration of NaOCI used (5.25 vs.
1%). Namely, it has been shown that precipitation is con-
centration-dependent [9]. The precipitate was formed in
dentinal tubules, although an attempt was made to prevent
its formation by introducing intermediate flush with dis-
tilled water in the main canal. This raised some concerns
because this precipitate may act as a reservoir of a toxic
and carcinogenic substance, known as para-chloranilin
(PCA), even after removal of precipitate form main canal
[23, 24]. In addition, this precipitate acting as a chemical
smear layer may limit the effective disinfection of dentinal
tubules by preventing intracanal medicaments from pen-
etrating the dentinal tubules [17, 18]. Namely, in infected
root canals, viable bacteria have been found deep within
dentinal tubules (up to 375 pm) and their persistence after
chemomechanical procedures may be responsible for root
canal reinfection and treatment failure [25]. The precipi-
tate may compromise adaptability of the root filling ma-
terials to the root canal walls and may reduce the sealer
penetration into dentinal tubules as well [19]. The sealer
penetration into dentinal tubules increases the surface
contact between dentin walls and filling materials, which
may improve retention of the filling material by mechani-
cal locking and may exert antibacterial effect on bacteria
remaining in dentinal tubules after canal preparation by
isolating them from essential nutrient sources [26]. More-
over, the precipitate may provide a path through which
leakage could take place between the root canal filling and
the dentinal walls. Vivacqua-Gomes et al. [19] found that
a combination of 1% NaOCl with 2% CHX favors coronal
microleakage of root-filled teeth. Staining potential of this
insoluble dark-brown precipitate is also of relevance [16].

In root canals irrigated with EDTA + CHX, QMiX, or
MTAD after NaOCI, dentin permeability was reduced but
did not significantly differ from the control group in the
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coronal and middle third. However, in the apical third,
these groups showed significant less dye penetration than
the control group.. Also, QMiX and MTAD exhibited more
dye penetration than CHX in all root thirds. These re-
sults indicate that precipitation probably occurs in dentinal
tubules, but not in the amount that could affect dentin
permeability in coronal and middle thirds, in contrast to
interaction between NaOCl and CHX. Stereomicroscope
study showed that QMiX had significantly lower scores of
precipitate associated with 2.5% NaOCI than 2% CHX in
root canals, probably due to lower concentration of CHX
in QMiX [12]. On the other hand, Kolosowski et al. [13]
found no precipitation neither on dentin surfaces nor in
dentinal tubules after immersion of dentin discs in 2.5%
NaOCl followed by saline and QMiX, measured by time-
of-flight secondary ion mass spectrometry (TOF-SIMS).
Although direct comparisons could not be made due to
differences in methodology, it can be argued that the
intermediate flush with distilled water in our study pre-
vented the interaction between QMiX and 5.25% NaOCl
in dentine tubules, as did saline in the mentioned study
[13]. Moreover, a lack of significant differences in den-
tin permeability of EDTA + CHX and MTAD group with
control specimens also suggest that distilled water has a
significant impact on precipitate prevention in dentinal
tubules, except in the apical sections. Limitation of irri-
gation modality used and impaired delivery of irrigants
into the apical third, including distilled water, constitute
possible reasons that could explain lower apical dentin
permeability in EDTA + CHX, QMiX, and MTAD group.
In addition, the influence of anatomical factors on dentin
permeability should also be considered. Namely, tubular
sclerosis that starts in the third decade of life in the apical
region interferes with the penetration of root canal irrig-
ants [27]. Moreover, dye penetration into dentinal tubules
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at the apical region is strongly dependent on the group of
teeth [28]. In order to standardize dentin pattern among
the specimens in the present study, only maxillary incisors
of subjects under the age of 30 were included.

In agreement with the previous studies we found the
highest dye penetration in the coronal third of the root
canal and the lowest in the apical third in all the groups,
including controls with significant differences between
the thirds [18, 27, 29]. This may be due to the irregular-
ity and lower size and density of dentinal tubules in the
apical area [27]. Namely, the number of dentinal tubules
decreases from 40,000 mm from corona near the pulp to
14,400 mm in the apex [30]. Moreover, lower efficacy of
the irrigants in these portions of the root canal cleared out
the dentinal tubules less thoroughly.
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CONCLUSION

Final irrigation with CHX after initial NaOCI rinse sig-
nificantly reduced dentin permeability at all root levels.
Interactions between NaOCl and EDTA + CHX, QMiX or
MTAD exert no significant effect on dentin permeability,
except in the apical section of the root canal. Based on
the current results, final irrigation with CHX after NaOCl
should be avoided in order to prevent precipitate forma-
tion, which reduces dentin permeability, subsequently
compromising sealing of the root canal system. On the
other hand, EDTA + CHX, QMiX, or MTAD might be
recommended as reasonable solutions for final irrigation.
Further studies are necessary to better clarify the influence
of different final irrigants on the dentin permeability.
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Ucnutusame nepmeaGMnHocm KOpPEeHCKOor AeHTUHa noc/sie ncnupama PpasiMtynTum

MPUraHCMMa

JburbaHa bjenosuh', Jenena Kpynuh', Hukona CrojaHoBuh', JeneHa Epuh? TatjaHa KarbeBal?

'"YHusep3uTteT y MctouHom CapajeBy, MeauumHckn dakynteT, Kateapa 3a feHTanHy natonorujy, ®oua, bocHa v XepLerosuHa;
2YHnBep3uTeT y VictouHom CapajeBy, MegnumHckm dpakyntet, Katefpa 3a opanHy pexabunutauujy, ®oua, bocHa 1 XepLerosuHa;
3YHneep3uTeT y Kparyjesuy, MeauuuHckm dakyntet, Kategpa 3a npeBeHTMBHY 1 fieunjy ctomatonorujy, Kparyjesau, Cp6uja

CAXETAK

YBoa/Liws Linsb oBor ncTpaxirBatba je 610 Aa ce ucnura nep-
MeabuITHOCT KOPEeHCKOT [eHTVHA NoCsie npurauuje HaTpujym-
xunoxnoputom (NaOCl) n uHanHe npurawyje xaopxekcuanHom
(CHX), eTuneH-gnamunHo-cuphetHom KucenHom (EDTA) + CHX
1 HOBMX KOMOMHaLwja: QMiX nnn MTAD.

MeTtope KopeHu 60 roprux LeHTpanHux cekyTuha cy, npe
MHCTpPyMeHTaumje u npurauuje NaOCl, meTogom ciyyajHor
y30pKa noferbeHn y net rpyna (n = 12) Ha ocHoBy GuHanHor
npotokona npuraumje: CHX (2% CHX), EDTA + CHX (17% EDTA +
2% CHX), QMiX, MTAD n KOHTpOHa rpyna (AecTunoBaHa Boga).
Mocne duHanHe npuraumje, feceT KOPEHOBa 13 CBaKe rpyne cy
XOPU30HTaNHO MpeceyeHy 1 neHeTpauuja 6oje je ogpeheHa y
KPYHWYHOj, Cpefrboj 1 anekcHoj TpehuHu. Mpeoctanu y3opum
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Cy UCNWTBaHN METOLOM eNIEKTPOHCKe MUKpockonuje. MopaLy
cy aHanusvpaHu npumeHom ANOVA/Tukey's TecTa.

Pesynratu [NeHeTpayyja 6oje y CHX rpynu je 6una mara y cBUM
TpehiriHama y 04HOCY Ha KOHTPOJIHY, Kao 1y ogHocy Ha QMiX
1 MTAD rpyny (p < 0,05). 3HauajHa pa3nuka usmehy KoHTposn-
He 1 rpyna EDTA + CHX, QMiX n MTAD je 3abenexeHa camo y
anekcHoj TpehnHu KopeHa (p < 0,05).

3akrmyuyak [lepmeabUIHOCT ieHTUHa je 3Ha4ajHO CMatbeHa Nno-
cne drHanHe npurauuje CHX, anu He 1 Nocne npurawyje opyrum
pacTBOpMMa, OCMM Y aneKcHoj TpehmnHu.

KmbyuHe peun: unwherse 3y6HuUX Tybyna; MHTpakaHanHu ae-

3nHduMUmjeHcr; xnopxeKkenavH; EDTA; MTAD; HaTpujym-Xuno-
xnoput; QMiX
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SUMMARY
Introduction/Objective Current biomechanical analyses can provide full view of the strain induced by
loading of various replacements to be used for prosthetic rehabilitation.
The aim of this study was to analyze strain distribution of supporting tissues beneath two different
types of removable partial dentures, commonly indicated in the conventional rehabilitation of partially
edentulous patients.
Methods This in vitro study included two groups of experimental models composed of the mandibles
(Kenedy Class 1) and two types of removable partial dentures. These models were exposed to occlusal
loading and the digital image correlation method was used for strain visualization and strain measure-
ment.
Results The highest strain was measured beneath the removable partial dentures, on the surfaces of
bone adjacent to distal abutments and in the anatomical structure called the retromolar area. Strain
values in the experimental models with clasp removable partial dentures ranged 0-10%. Strain values
in the experimental models with attachment - removable partial dentures ranged 0-2.3%.
Conclusion The findings showed that the attachment retaining removable partial dentures induced
lower strain in the residual alveolar ridges. However, higher strain was detected in the marginal bone
next to the abutment teeth.
Keywords: partially edentulous mandible; digital image correlation method; removable partial denture;

Received - MpumbeHo:
July 25,2017

PeBu3nja « Revised:
September 25, 2017

Accepted - MpuxeaheHo:
September 27,2017
Online first: October 3, 2017

Correspondence to:

Ivan TANASIC

Obrenovac Medical Health Center
11000 Belgrade, Serbia
doktorivan@hotmail.com
prosthodontics.clinic@gmail.com

bone strain

INTRODUCTION

The success or failure of the prosthetic treat-
ment of patients rehabilitated with a remov-
able partial denture (RPD) depends on the oral
health state, the preparation designs on the
available tooth structure, and the long-term
prognosis of the remaining teeth [1]. Addi-
tionally, the RPD-framework design, the clasp
morphology, and the extension of the RPD sad-
dles, as well as adequately established guiding
planes, properly prepared rest seats and per-
fectly designed milled crowns have a significant
effect on ensuring a predictable and favorable
prognosis for the treatment with RPDs [2, 3, 4].
Important factors like careful planning, design-
ing, and preparation of remaining teeth are es-
sential, since adequately prepared rest seats and
precisely fitting rests will provide mutual as-
sistance between teeth and the RPD in order to
support each other [3, 4]. The design require-
ments must be especially considered in order
to achieve proper and uniform occlusal load
distribution. Properly balanced and transferred
occlusal loads improve the longevity of the re-
maining teeth, bone, and prosthesis made to
replace the missing oral structures. Therefore,
a sophisticated RPD design manufactured in
correlation with properly prepared abutments

tulfils the functional, prophylactic, and aes-
thetic demands placed upon it.

Although significant explanations of bio-
mechanical behavior of RPDs were proposed
in the last few decades, our understanding of
the ideal design is still lacking [2-6]. Some
numerical and photoelastic models and in
vivo analyses estimated and showed the RPD
displacement under occlusal loading [3, 5-8].
Practical methods for biomechanical investiga-
tion of biomaterials and the jawbone are based
on either contact or non-contact mechanisms
for strain/displacement measurements [9-18].

The aim of the following study was to de-
termine and evaluate biomechanical behaviour
as the function of strain in the supporting tis-
sues beneath two different types of RPDs most
commonly used in the conventional rehabilita-
tion of partially edentulous patients. The study
employed the digital image correlation (DIC)
technique for the strain determination. Follow-
ing the aim of this study, the role of this study
was to explain the effects of the strain produced
by vertically loaded RPD replacements on sup-
porting dental tissue. A region of interest was
considered a surface that surrounded RPDs
and distal retainers/abutments. In order to
facilitate the interpretation of the results, we
divided the region of interest into two locations
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(segments): the anterior segment (AS), corresponding the
supporting bone tissue-adjacent abutment, and the pos-
terior segment (PS), corresponds to the retromolar area.
Three sets of null hypotheses were established prior to
statistical analysis:
1. Mean strain values are the same for all models;
2. Mean strain values are the same for both segments
(AS, PS);
3. There is no interaction in effect between prostheses
and segments of interest.

METHODS

Six dried, partially edentulous mandibles (two groups
of three models) with bilaterally shortened dental arch-
es (Kennedy Class 1) with first premolars remaining
(8 < n £ 10; n = number of the remaining teeth) were
used in the experiment: three mandibles were restored
with conventional clasp-retained removable partial den-
tures (cCRPDs) and another three mandibles were restored
with attachment-retained removable partial dentures (aR-
PDs). The mandibles were borrowed from the Laboratory
for Anthropology of the Institute of Anatomy, Faculty of
Medicine in Belgrade, Serbia. The donors were men, in
their late sixties. The mandibles were checked to exclude
any damage. The chosen mandibles were immersed in the
0.9% NaCl for eight hours to reach the volume and elas-
ticity considered in in vitro experiments [12]. Following
the drying procedure (27°C), the remaining teeth were
prepared to receive metal ceramic restorations. Coarse and
fine diamond burs were used during the preparation of
the remaining teeth. The tooth preparation was done by
grinding up to 2 mm of enamel, for all the axial walls and
incisal and occlusal planes. The preparation procedure was
followed by two impression procedures with elastomers
in standard trays for obtaining two experimental models.

For the experimental models with cRPDs, the teeth
were prepared to receive metal ceramic crowns and splint-
ed in full arch reconstruction. The parallel guiding planes
on proximal and lingual tooth surfaces on the crowned
abutment retainers were established. The experimental
model with the attachment-retained removable partial
dentures (aRPDs) included units with full arch metal-
ceramic crowns with ball attachments (bredent medical
GmbH & Co.KG, Senden, Germany) positioned on distal
surfaces of the abutment retainers. When the fixed res-
torations were finished, they were fitted to the models,
verified, and impressions were taken for the definite RPD
casts. The experimental models were restored with the fol-
lowing prosthetic restorations used for strain distribution
evaluation: conventional RPDs with Roach clasp as the
type of extra-coronal retainer that originates from the den-
ture framework going over the buccal periodontium and
reaches the tooth undercut area from a gingival direction
(T-bar design) and full coverage metal-ceramic crowns on
the remaining teeth and lingual rest positioned on distally
milled retainers; complex RPDs with Bredent attachments

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):498-505

(ball) positioned in the distal surfaces of the milled retain-
ers with consideration that all the remaining teeth were
splinted, as previously in cRPD models.

One peculiarity of the design of the RPDs employed
in the experiment implied cutting of the buccal wings as
parts of the denture-saddles in order to visualize strain
during the simulated occlusal loading. The experimental
models were then sprayed to enable the DIC method to
perform surface-strain analysis. The distances between
sprayed points were changed under vertical loading. This
phenomenon was registered by cameras.

The experimental models were placed in the standard
tensile testing machine (Tinius Olsen TMC, Horsham, PA,
USA). The applied occlusal force was 300 N, in accordance
with literature data about maximal willing force in humans
and consideration that the mastication force intensity de-
creased by reducing the number of teeth [19]. The loading
measurement was performed using the horizontal exten-
sion of the gnathodynamometer (Siemens, Munich, Ger-
many). Occlusal (vertical) load was eccentric and it was
directed at the cusps of artificial (acrylic) lower molars of
the experimental models. The reason for performing only
two-teeth loading was strictly experimental and was one of
the inclusion criteria of the study. The acrylic teeth were
loaded to visualize the strain below the partial dentures.
The study included only the posterior mandible viewed
from lateral aspect excluding the anterior mandible. The
mandible was supported by two metallic plates within a
tensile testing machine.

Strain measurement was conducted using the DIC
method and the Aramis software (GOM-Optical Mea-
suring Techniques, Braunschweig, Germany), in which
stereophotogrammetric principles were used for analyz-
ing model mobility. Generally, the system is based on two
digital cameras (50 mm lenses with a 25 mm distance ring;
Schneider Kreuznach, Bad Kreuznach, Germany), trigger
box, PC, and the Aramis (software version 6.2.0, Braun-
schweig, Germany), and immediately after the calibration
process, the photographing procedure was performed in
accordance with the basic principles of the stereophoto-
grammetric measurements [15, 16]. The Aramis software
used in this experiment detected three-dimensional (3D)
changes on the surface of loaded objects and measured the
strain automatically [12, 13].

This was experimental compressive static loading. Of
the total number (n = 6) of the experimental models, four
representative figures (virtual models) were selected fol-
lowing software-data processing and used to present the
behavior of models under the load of 300 N.

Interpretation of the results was done using the follow-
ing two statistical analyses for the six models (three in
each group):

o Two-way ANOVA was used in order to examine the
differences in effectiveness of the type of model, specific
segments of interest (AS and PS) and their mutual interac-
tion on the strain values in models. The strains in models
with different kind of prostheses and strains within the
specific segments of interest were compared using the
two-way ANOVA. Significance level (a) was set to 0.05.
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(p <0.05). All comparisons and calculations were made in
package “stats” (Software R, Vienna, Austria).

o The post hoc t-test with Bonferroni correction; this
test can compare only two values of strain at the time,
and results for segments of interest and prostheses were
obtained.

RESULTS

Certain differences were found between experimental mod-
els restored with two different types of RPDs under ver-
tically loading conditions. The overall strain in the cRPD
experimental models (Figures 1 and 2) was slightly higher
than the strain generated in the aRPD experimental models
(Figures 3 and 4). The average displacement value for the
cRPD models was 0.54 mm, and 0.42 mm for the aRPD
models during the loading of 300 N after software data pro-
cessing. Tensile strain showed different strain propagation
(Figures 1 and 3) compared to compressive strain, as seen in
Figures 2 and 4. The highest tensile strain for the loading of
the cRPD models was noticed just below the point of inci-
dence in the retromolar area, and in the dried periodontium
of the abutment teeth (7-10%), which is displayed showing
colors determined by scales next to figures. Unlike tensile
strain, the compressive strain was highly visualized along
the entire zone of bone-denture contact within the upper
part of the residual alveolar ridge, especially when cRPD
mandible models were loaded (9-10%).

The vertical-section line, as seen in Figures 1-4, was
set in software under the loading acting on acrylic lower
molars. The section line changed its length before and after
the experiment was performed. Obtained figures were ef-
ficient in visualizing the strain field under vertical loading.
Strain values were computed by the software based on the
experimental measurement. Major and minor strain values
(%) were presented on the scale.

The cRPD experimental models showed higher strain
values during loading (Figures 1 and 2). Major strain val-
ues in the line section of the mandibles ranged 0-10%.
Major strain values for the entire section length are pre-
sented in Figure 5. The average major strain surrounding
the upper part of mandibles was less than 1%. The highest
strain values were noticed just below the cRPDs and in
the retromolar area with the average major strain value
between 6% and 7%. The buccal marginal periodontium
of the distal abutments strained about 3-4%. The retentive
clasps and occlusal rests strained as well (7%). The highest
minor strain values (compressive strain) were especially
detected in the “bone-denture” contact regions (9-10%).

For the aRPD experimental models, major and minor
strain was computed under the same conditions presented
in the previous cases (Figures 3 and 4). Strain values in
the line section were 0-2.3%. The aRPD line-sections in-
dicated continuity of its flow, which was quite opposite
in the case of cRPD line-sections. Major strain values for
the entire section length are shown in Figure 6. The av-
erage strain on the area surrounding the upper part of
the mandibles was less than 1%. The highest strain values
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Figure 1. Major strain field of the clasp-retained removable partial
dentures model showed high tensile strain up to 10% (red/yellow)
around the clasp and in the retromolar area
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Figure 2. Minor strain field of the clasp-retained removable partial
dentures model showed high compressive strain with maximum reach-
ing 10%, assigned to green and blue colors and negative values on
the scale
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Figure 3. Major strain field of the attachment-retained removable
partial dentures model indicated maximum values of tensile strain in
the marginal bone below the ball attachment; equal strain was found
below the free-end saddle in the retromolar area

are noticed just below the RPD, with the average value
of strain between 6% and 7%. The buccal marginal peri-
odontium of the distal abutments strained 6-7%. Strain
of the attachments was 2%. Minor strain showed similar
direction of the strain propagation as the major strain, as
seen in Figures 3 and 4.

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):498-505



Strain visualization of supporting tissues rehabilitated using two different types of removable partial dentures

Minor Strain

H -2
H -3
H 4
H s
B 5
B .7
8
9
-10
Stage
ARAMIS A .

Figure 4. Minor strain field of the attachment-retained removable
partial dentures model indicated that high compressive strain cor-
responds to negative values on the scale assigned to yellow, green,
and blue colors; in addition to the retromolar area strained due to
offensive load located just above this region, strain was detected in
the marginal and apical bone below the ball attachment
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Figure 5. Clasp-retained removable partial dentures section line shows
that the highest strain value in its middle segment corresponds to the
upper part of the residual ridges and marginal periodontium
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Figure 6. Attachment-retained removable partial dentures section line
depicts slightly decreased values of strain along the section length
unlike in the clasp-retained removable partial dentures models, which
may be of high relevance for inducing uniform strain distribution

The relationship between types of the experimental
models, segments of interest, and strain values is displayed
in the interaction plot (Figure 7). It was noticed that cRPD
models exhibited the highest strain in posterior segments
of interest with the peak over 9%, while the peak strain for
aRPD models was obtained in AS (6.8%). The minimum
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Figure 7. Attachment-retained removable partial dentures section line
depicts slightly decreased values of strain along the section length
unlike in the clasp-retained removable partial dentures models, which
may be of high relevance for inducing uniform strain distribution

Table 1. Two-way Anova for prostheses types and segments of interest

Parameter df ssqu:;r(e)z s,\(;ljz:]e F Pr(>F)

Prosthesis types 1 3.203 3.203 | 15.5 | 0.00431

Segments of interest 1 5.07 5.07 | 24.23 | *0.00112
Prosthesis types: region | 1 9.72 9.72 | 47.03 | 0.00013
Residuals 8 1.653 | 0.207

*Probabilities for the segments of interest represent significant difference
(p < 0.001)

strain in cRPD models was measured for AS (up to 6%).
PS showed lower strain when considering aRPD models.

Significant differences in strain values between mate-
rial groups (F = 15.5; p = 0.00431) were detected (Table
1). Furthermore, a statistically significant difference ex-
isted between region of interest with F (2.18) = 24.23, with
p = 0.00112. Finally, there was an interaction between the
type of the sample and the region of interest in the effect
on strain values, with F (4.18) = 47.03; p = 0.00013.

A comparison between the two segments of interest
showed a statistically significant difference in the experi-
mental models restored with cRPDs (p < 0.01) and statis-
tical insignificance for the experimental models restored
with aRPDs (p > 0.05). Furthermore, both types of pros-
theses showed statistical significance for AS (p < 0.05) and
PS (p < 0.01).

DISCUSSION

The study showed performances of the DIC method as a
current technique employed to determine, visualize and
measure the strain on mandible surfaces during the verti-
cal loading of RPDs placed in situ. Full field, non-contact
strain measuring was conducted using the Aramis soft-
ware, which produced photos of real-time strains for every
measurement stage from the pattern surface. Using two
digital cameras, this optical system provided a synchro-
nized stereo view of the specimen and sufficient data on
the results showing the complete strain field during the
tests. Several advantages of the DIC technique over other
digital methods were established in the past: resistance
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on the displacement of the observed model during the
measurement process and full field of strain measurement,
low sensibility to ambient vibrations, ability to register
rigid body motion and to measure 3D displacements in a
high dynamic range (microns to millimeters) of measur-
ing capacity, and high reproducibility of the DIC measur-
ing [10-14]. In dental biomechanics, DIC is often utilized
for in vitro setups [11, 12, 13]. Whether it concerns the
biomechanical behavior of the human jaw under static or
dynamic load, biomechanical testing of biomaterials, or
photogrammetric measurements of initial tooth displace-
ment under tensile force, the DIC has been confirmed as
a method especially suitable for 3D-strain measurements
of dental materials and structures with complex geometry
due to the ability to catch non-linear surface strain in the
tested specimens [9, 11-18].

The study was conducted as a static, non-impact, in vitro
loading of the experimental models with different designs
of dentures positioned in situ. Two types of replacements
were compared and the better one was determined with
respect to biomechanics. Knowing of the biomechanical
behaviour of hard tissues (bone and teeth) and their inter-
action with replacements is important for the investigation
of biomaterials and designs of replacements, so this type
of research can improve prognosis and treatment planning
in partially edentulous subjects. The researchers used ca-
daveric mandibles without soft tissue coverage. This fact
distinguishes the donor-related variability of the examined
bone features as the key factor when performing the DIC
experimental analysis. The absence of the elevator muscles
and soft tissue as supportive structures, and thus the fixa-
tion of mandibles in contrast to the real (physiological)
conditions, was another exclusion criteria addressed to the
disadvantages of this study [20]. Nevertheless, this study
investigated the upper part of the mandibles adjacent to
prostheses; therefore, from the biomechanical standpoint,
the results are adequate for arguing about the biomechan-
ical behaviour of usually indicated RPDs. The study de-
scribes preparing all remaining teeth and restoring them
with splinted porcelain fused to metal restorations. This
was expensive, technically difficult, and required radical
amounts of tooth structure removal. Nevertheless, we were
guided by the fact that high percentage of partially edentu-
lous subjects indicates signs and symptoms of periodontal
disease and tooth wear of the tooth structure; thus, restora-
tion of such teeth was considered an imperative. Addition-
ally, treatment of the remaining teeth was done to achieve
similar loading conditions of the supporting dental struc-
ture, for both types of RPD-restored experimental models,
as much as possible. Following this criterion, experimental
models restored with aRPDs included ball rather than slide
attachment. Although both types of attachments, whether
ball or slide, are indicated for rehabilitation of the Ken-
nedy Class 1 partial edentulism, dimensions of the clinical
crowns and length of the residual ridges/free-end saddles
were the critical factors to opt for the ball attachments as
more preferable.

In this experiment, results acquired from the Aramis
system were sorted into two groups of experimental models
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Table 2. Comparison between prostheses types for different segments
of interests (post hoc)

Segments cRPD aRPD p-value Bonferroni
AS 6.13(0.21) 6.9 (0.4) <0.05 0.042
PS 9.23(0.7) 6.4 (0.36) <0.01 0.0034

AS - anterior segment; PS — posterior segment; cRPD - clasp-retained
removable partial dentures; aRPD - attachment-retained removable partial
dentures

Table 3. Comparison between segments of interest for different
prostheses types (post hoc)

Prostheses AS PS p-value Bonferroni
cRPD 6.13(0.21) | 9.23(0.7) <0.01 0.0018
aRPD 6.9 (0.4) 6.4 (0.36) > 0.05 0.18

AS - anterior segment; PS — posterior segment; cRPD - clasp-retained
removable partial dentures; aRPD - attachment-retained removable partial
dentures

and two groups of interest locations (segments). Dentures,
as a part of the experimental models and locations of in-
terest within the tested models, presented two factors that
caused different values of strains of the loaded models.
Their mutual effect on experimental models was presented
in the interaction plot where the connection between ex-
perimental results was visualized.

Strains for different types of experimental models and
different segments of interest were compared using two-
way ANOVA. Two-way ANOVA was employed to deter-
mine whether there were statistically significant differ-
ences between the tested experimental groups. Prosthesis
type and location of interest represented factors of influ-
ence. The strain was considered the dependent variable.
Both factors such as prosthesis type and location of interest
showed significant influence. Significant differences in the
strain values existed between two groups of prostheses for
both segments of interest (p < 0.05, p < 0.01; Table 2),
as well as in two different locations of measured surface,
but only for cRPD models (p < 0.001; Table 3). Although
ANOVA revealed statistically significant differences be-
tween the type of the strained models, location of interest,
and interaction of these two factors, this analysis could
not determine between which groups of models and loca-
tions of interest these differences actually existed. Thus,
additional post hoc t-test was introduced to reveal statis-
tical significance between observed variables and to find
out where these differences actually occurred. In order
to provide a more valid comparison and to reduce type I
error, the conservative Bonferroni correction was applied.
Therefore, all three null hypotheses were rejected, and al-
ternative ones were adopted, which state that strain was
dependent from the prostheses used and from the loca-
tions within the region of interest. In addition, there was
an interaction between prostheses and segments of interest
in their effect on the strain values.

Although strain varied significantly between locations
of interest, dentures’ effect was also noticed. Namely, mod-
els with cRPDs showed highest strains for posterior loca-
tions of interest (PS) while loaded models restored with
aRPDs induced the highest strain in the anterior locations
of interest (AS). The cRPD models displayed the lowest
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strain in the AS. Furthermore, cRPD models showed a
statistically significant difference between strains in the AS
and the PS, while aRPD models did not. Although anterior
segments below aRPDs strained almost 1% higher than be-
low cRPDs, PSs strained with higher statistical significance
in regard to different types of prostheses.

The study investigated the impact of two types of bi-
laterally-distally-extended removable partial dentures on
mandibles with shortened dental arches. Shortening of
the buccal wings of the RPD saddles in the experimental
models was done to obtain a wider field for optical ob-
servation of the upper part of the mandibles. Region of
interest included upper part of mandible bone, the buccal
cortical laminae below the abutments, and the retromolar
area. Two different kinds of strain were presented in this
study: the maximum value of minimum principal strain
expressed as minor strain — compressive strain, and the
maximum value of maximum principal strain, expressed as
major strain — tensile strain. For a complete understanding
of the biomechanical behavior of RPD-mandible models,
it was necessary to take into account all major and minor
strain values and not only strain within the section line.

Generally, compressive strain was generated by the
compressive force (load) impact. This load affected the
denture-saddle movement, which initially induced strain
in the bone-denture contact area (compressive strain), and
then through the entire residual alveolar ridge depend-
ing on the force intensity. Consequently, resulted tensile
strain increased the mandible resistance, thus contribut-
ing to mandibles withstanding the compressive force load.
The type of replacements and connection with the distal
abutments may also influence the major and minor strain
values. Practically, the study investigated two different
modalities of RPDs through comparing the tensile and
compressive strain between them.

When an RPD was considered to replace missing poste-
rior teeth in the distal free-end edentulous ridges, careful
planning of design was very important. Namely, in this
situation we had to restore biologically two different tis-
sues in order to achieve uniform distribution of the occlu-
sal forces on the periodontal tissue of the remaining teeth
and in the mucoperiosteum on the edentulous alveolar
ridges. Most of the cases with bilateral shortened dental
arch require specific management of the remaining teeth.
Fixed restorations — full crowns — have been usually used
for this purpose. In this research, the restorations of choice
were full-arch metal-ceramic crowns. The milled guiding
planes on the lingual and proximal surfaces of these res-
torations improved the retention and stability of dentures
[4]. While the cast circumferential clasp causes some kind
of elastic connection between the abutment and the RPD,
when precision attachments were selected to retain an
RPD, a removable prosthesis was “rigidly” connected to
the abutment teeth.

The cRPD experimental models were fabricated to
minimize the torque applied to the abutments by splint-
ing all remaining teeth into one single unit composed of
the full cast restoration prepared to receive clasp-retained
RPDs. The RPDs made in this way provided displacement
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of the free-end saddles toward the edentulous ridge during
vertical loading conditions. The displacement caused load
transfer toward the mandibular edentulous ridge, which
resulted in the appearance of a large amount of strain
beneath the denture saddle, as seen in Figures 1 and 2.
When the functional occlusal load is induced on this kind
of distal extension RPD, rotary movement usually occurs
around the fulcrum of the terminal abutments [5, 8]. This
phenomenon not only decreases the denture function and
causes the patient’s discomfort, but also traumatizes the
supporting tissues of dentures. A good design for a distal-
extension RPD should prevent rotary movement in order
to protect the supporting tissues.

In contrast to the cRPD models, the aRPD models had
all the remaining teeth splinted in the full-arch metal-
ceramics retained with attachments to RPDs. The RPDs
retained in such a way fulfil a current demand for rehabili-
tation of the oral function and for protection of remaining
teeth and residual ridges. These “rigid design dentures”
with rigid precision ball attachments are considered to be
less mobile/movable compared to dentures with resilient
attachments [2]. As we know, rigid precision attachments
have different mechanisms; nevertheless, the variation
in the transfer of functional loads between conventional
RPDs and complex RPDs has not been clarified yet.

The models were subjected to the vertical forces. Ver-
tical displacement of the denture base presented in this
study was a consequence of the compressive vertical load.
Clinically, occlusal rests or attachments must resist multi-
directional loads. Hence, the influence of the mentioned
factors should be considered in future investigations be-
fore any conclusion is made.

The cRPD models showed a higher score of the overall
strain than aRPD models, including especially the com-
pressive (minor) strain. This means that the whole den-
ture saddles compressed residual alveolar ridges because
of the elastic properties of the cast clasps. This could be ex-
plained by different kinds of connections within two types
of prostheses. In the case of aRPD models, higher tensile
(major) strain was found in the bone adjacent to the distal
abutments, especially concerning the marginal bone, than
in cRPD models, as a consequence of the rigid connec-
tion. Nevertheless, residual alveolar ridges of cRPD mod-
els showed higher tensile strain than those in the aRPD
models. Generally, the major strain (tensile strain) in the
bone adjacent to the distal abutments showed lower values
of intensity compared to strain of the alveolar ridges. This
can be explained by the fact that splinted metal-ceramic
crowns distributed lesser strain to the supporting struc-
tures, i.e. adjacent bone and abutments [13]. The idea of
rigidly connected adjacent teeth was supported by a previ-
ous investigation, which confirmed the equitable distribu-
tion of strain to each single abutment and retainer in the
block construction [21]. The effect of splinting adjacent
teeth was limited locally, considering that the direction of
strain was found in the upper part of all models.

Our findings confirm previous ones regarding the associ-
ation between the rigidity of connection to the abutment and
denture mobility [3]. Clasp-retained RPDs were supposed
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to be more elastic than attachment RPDs, and therefore
higher mobility of cRPDs was observed. Thus, higher rate
of strain can be expected beneath cRPDs. In contrast, the
flexibility of the attachment was lower and needed less
amount of bone tissue support under the denture base.

Attachment RPDs may not be suitable therapy solutions
in cases of periodontally weakened abutment teeth due to
instability and therapeutic failure. These situations request
splinting of periodontally compromised teeth into single
unit followed by adequately designed and adjusted RPDs
with consideration of the denture extension and the level
of periodontal damage [12, 21].

CONCLUSION

Visualizing the biomechanical behaviour of RPDs placed
in situ on supporting dental tissues can improve the design
of RPDs and preserve abutment teeth and bone. This will
avoid possible failures in current dental practice. Within
limitations and based on the results of this study, it can
be said that higher strain was observed below the clasp
RPDs, particularly if we consider movement of the distal
portion of the free-end saddles caused by the teeth and
dentures’ vertical displacement. The findings proved that
attachment RPDs generated less strain in the residual alve-
olar ridges, and thus, from the biomechanical standpoint,
can be considered a better choice for the rehabilitation

REFERENCES

1. Wright EW. Prosthetic management of the periodontally
compromised dentition. J Calif Dent Assoc. 1989; 17:56-60.

2. Saito M, MiuraY, Notani K, Kawasaki T. Stress distribution of
abutments and base displacement with precision attachment-
and telescopic crown-retained removable partial dentures. J Oral
Rehabil. 2003; 30(5):482-7.

3. lgarashiY, Ogata A, Kuroiwa A, Wang CH. Stress distribution and
abutment tooth mobility of distal-extension removable partial
dentures with different retainers: an in vivo study. J Oral Rehabil.
1999; 26(2):111-6.

4. ChaiyabutrY, Brudvik JS. Removable partial denture design using
milled abutment surfaces and minimal soft tissue coverage for
periodontally compromised teeth: A clinical report. J Prosthet Dent.
2008; 99(4):263-6.

5. JinX, Sato M, Nishiyama A, Ohyama T. Influence of loading position
of mandibular Unilateral distal extension, Removable Partial
Dentures on movements of abutments tooth and denture base. J
Med Dent Sci. 2004; 51(3):155-63.

6. Kibi M, OnoT, Dong J, Mitta K, Gonda T, Maeda Y. Development
of an RPD CAD system with finite element stress analysis. J Oral
Rehabil. 2009; 36(6):442-50.

7. Eto M, Wakabayashi N, Ohyama T. Finite Element analysis
of deflections in major connectors for maxillary RPDs. Int J
Prosthodont. 2002; 15(5):433-8.

8. ArasK, Hasanreisoglu U, Shinogaya T. Masticatory performance,
maximum occlusal force, and occlusal contact area in patients with
bilaterally missing molars and distal extension removable partial
dentures. Int J Prosthodont. 2009; 22(2):204-9.

9. Tanasi¢ |, Tihacek-Soji¢ Lj, Mili¢-Lemi¢ A. Optical metrology analysis of
the lower jaw deformations. Vojnosanitet pregl. 2011; 68(4):336-40.

10. Akca K, Cehreli MC. A photoelastic and strain-gauge analysis
of interface force transmission of internal-cone implants. Int J
Periodont Res Dent. 2008; 28(4):391-9.

11. Tanasi¢ |, Milic-Lemic A, Tihacek-Sojic Lj, Stancic |, Mitrovic N. Analysis
of the compressive strain below the removable and fixed prosthesis

DOI: https://doi.org/10.2298/SARH170725181T

Tanasic¢ l. et al.

of the Kennedy Class 1 partial edentulism compared to
clasp RPDs. However, high strain was found in the bone
adjacent to distal abutments. In accordance with the tasks
provided by null hypothesis, the following conclusions
were derived:

1. The mean strain was significantly different for all
models, when its distribution and values are consid-
ered. This fact could be the reason for differences that
exist between two types of RPDs with different types
of connections with the adjacent teeth.

2. The mean strain values showed significant differenc-
es between mandibular AS and PS of cRPD models.
However, the mean strain in AS and PS was similar
in aRPD models probably due to the fact that aRPDs
generated uniform strain distribution in mandibles
compared to cRPDs.

3. The findings provide a noticeable difference in the ef-
fect induced by interactions between prostheses and
segments of interest due to incremental movements
of two types of RPDs toward the residual ridges.
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Busyenusaumja gepopmaumja y noTNOPHMM TKUBMMA pexabuantoBaHUM ca ABa
pa3nnymMTa TMNA NApLMjaiHUX CKeNeTMPaHUX NpoTe3a

/BaH TaHacuh', JbubaHa Tuxauek-LUojuh?, AnekcaHgpa Munuh-flemuh?

'Nlom 3apaBrba ObpeHoBal, beorpag, Cpbuja;

2YHnBep3uTeT y beorpaay, Cromatonowku GakynteT, Katefpa 3a CToMaTosoLwKy npoteTrky, beorpag, Cpbuja

CAMETAK

YBop/Llum CaBpemeHe 6riomexaHnyKe aHanmse omoryhasajy
KomnneTtHy Bu3yenm3saumjy gedopmaumja og ontepehmsama
pa3nnMunTUX 3yO6HNX HafoKHaZa y NPOTETCKOj pexabunutaumju.
Linrb oBe cTyamje je 61o fa aHanusa anctpubyumje gedop-
MaLuja yHyTap NoTrnopHUX TKBA MCMOA ABA pa3nuyuTa Tuna
Hajuelwhe KopuWheHUX NapLUmjanHyX CKeneTrpaHux NpoTesa.
MerTogpe In vitro cTyauja je 06yxBaTina ABE rpyne eKCcrneprumeH-
TaNHKUX Mofena fokux Bunmua (KeHepm 1 Knaca kpesybocTu) u
[Ba TNa napumjanHyx ckenetmpaHux npotesa. Moaenu cy 6unu
M3NOXEHW OKJTy3a/THI M CIaMa, a 3a NpUKa3s 1 Mepetbe aedop-
maLuja je KopuiwheHa MeToAa AUrTanHe Kopenauyje camka.
Pe3syntatu Hajseha gedopmaumja je usmepeHa ncnop nap-
LmjanHMX NpoTe3a, Ha NOoBPLUMHaMa KOCTU KOja OKpYXyje Anc-

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):498-505

TanHe 3y6e Hocaye 1 y peTpoMoapHoj peruju. BpegHoctn
fedpopmaLuja y eKcneprMeHTanHUM MofenrMa ca mpoTesama
PETUHVPaHNM IBEHUM KyKuLiama cy 6une 0-10%. BpegHoctn
AedopmaLiyja y ekcnepuMeHTanH1M Mofenrma ca npoTe3ama
PEeTMHUPaHUM aTeumeHuMa cy 6une 0-2,3%.

3aksbyyak lNapumjanHe ckeneTnpaHe npoTese ca aTeumMeHnma
VHAYKOBase Cy Matbe AiepopmaLinje pe3vayanHor anBeonapHor
rpebeHa. Behe flepopmauimje cy youeHe y MaprHanHoj Koctu
Koja je y HEMocpeAHOM KOHTAKTY ca 3ybrma Hocaumma.

Krbque peun: er3y6e AOH€e BUInLUE; METOAA ANTUTANTHE KO-

penaumje cnvka; napumjanHa ckenetrpaHa npotesa; aedop-
MaLmja KocTu
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Factors affecting patient satisfaction in the health

care sector in Serbia
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SUMMARY

Introduction/Objective The aim of this paper was to highlight and understand factors that influence
the quality of healthcare services in Serbia in private and public health institutions.

Methods The data was collected during May of 2017 and June of 2017 through an on-field questionnaire.
Out of 500 questionnaires in total, 406 were completed and returned, resulting in a response rate of 81.2%.
Results The following four most influential factors for patient satisfaction in Serbia’s healthcare sector
were identified: admission process, doctor care, staff care, and technology tools.

Conclusion The model describes that 66.2 variance for the doctor care variable is based on three con-
structs: admission process, technology tools, and staff care. The hypothesis that technology tools will
have a positive effect on staff care was not confirmed.

Keywords: patient satisfaction, factors; health care; Serbia

INTRODUCTION

Patient satisfaction is a way to measure the over-
all quality of delivered healthcare services. Un-
derstanding patients as clients and taking care
of their needs is crucial for improvement of the
healthcare sector in Serbia. A research study by
Savi¢ and Jakovljevi¢ [1] also confirms that a pa-
tient perspective is important for clinical deci-
sion making in Serbia. The main responsibility
for defining and executing the patient satisfac-
tion strategy is borne by health care managers.
They constantly receive patient feedback about
all aspects of health care, which affects customer
retention and are in the position to adapt to dy-
namic market conditions. The healthcare sec-
tor in Serbia is comprised of the public and the
private system for treating patients. The health
system of Serbia employs some 130,000 work-
ers. The largest number is employed in health
institutions, primarily in the 70 state hospitals.
There are approximately 1,200 private medical
entities in Serbia, out of which 60 are hospitals.
They employ over 3,700 doctors, accounting
for about 10% of the total number of doctors
in the health sector in Serbia [2]. In the past 30
years, the health system in Serbia has changed
substantially. After the breakup of Yugoslavia
in the 90s, all the weaknesses and strengths of
the healthcare system of that time have become
more visible. Knowledge of factors that influ-
ence patient satisfaction is of great importance
for the system. The country has entered the pe-
riod of transition, and the creators of healthcare
policies have been forced to start reforming the
healthcare system by addressing structural, hu-
man resources, financing, and organizational

issues [3]. In a recent research study, health pol-
icy, socioeconomic transition, trends in health-
care resources, and outcomes were observed
among three historical health-policy legacies
in Southeastern Europe. Significant differences
exist between Serbia as the representative of for-
mer Yugoslav countries, post-Semashko coun-
tries, and free market SEE economies [4].

In order to improve the healthcare system in
Serbia, it is necessary to understand the opin-
ion of patients as clients of healthcare services.
However, previous research in this field has
identified different factors for patient dissat-
isfaction. Authors from Brazil highlighted the
main weaknesses as follows: lack of qualified
professionals for exercising management ac-
tivities, delay in implementing new informa-
tion technologies and management and work
organizational process deficiencies. The main
reasons for dissatisfaction with the healthcare
system in Serbia are similar to Brazil - unequal
delivery of quality in different health services,
waiting time for certain medical procedures
and interventions, inefficient use of health
technologies, and dissatisfaction of the health-
care system staff [5, 6]. Scholars point out that
knowledge-based resource allocation still has
to make roots in health policy traditions of
BRICS and other emerging nations [7].

A recent study from Balkan countries in-
cluding Macedonia, Bulgaria, and Serbia
identified the top three indicators of patient
satisfaction: trust, attention of doctors, and
perceived outcome of the treatment. Long wait-
ing time, huge administrative procedures and
patient privacy protection are also issues for
concern in all three countries [8].



Factors affecting patient satisfaction in the health care sector in Serbia

Patient quality perceptions have been shown to account
for 17-27% of variation in a hospital’s financial measures
such as earnings, net revenue, and asset returns [9]. It is
one of the most effective key performance indicators if
healthcare institutions want to evaluate business success
on the market. Today it is important to recognize the role
of patient-centered care. According to Irwin and Rich-
ardson [10], patient-focused care can be thought of as
a merging of patient education, self-care, and evidence-
based models of medical practice: communication with
patients, partnerships, health promotion, and physical
care (medications and treatments). The main goal of each
health care institution is to recognize the factors that will
improve patient-centered care.

Various research studies, which investigated factors that
affect patient satisfaction, were analyzed.

The first literature stream relevant for this study is
general literature on patient satisfaction. Naidu [11] con-
ducted a systematic review of factors determining health
care quality and patient satisfaction with 24 articles from
international journals. A comprehensive model was made
to better understand healthcare services. Healthcare ser-
vices are difficult to evaluate: some authors feel patient
perceptions are valuable healthcare quality indicators, oth-
ers contend that health service quality should be evaluated
by experts. The SERVQUAL instrument is used in many
patient satisfaction studies. Dimensions that determine
patient satisfaction have been identified, including: reli-
ability — the ability to perform the promised service, de-
pendably and accurately; assurance — employee knowledge
and courtesy and their ability to convey trust and con-
fidence; responsiveness — willingness to help customers
and provide prompt services; empathy - caring, individu-
alized attention the firm provides to its customers; and
tangibles — physical facilities, equipment and appearance
of the personnel. Another study written by Batbaatar et
al. [12] reviewed studies of patient satisfaction between
1980 and 2014. Socio-demographic and personal-related
characteristics were analyzed in the review.

The second type of study investigated the use of tech-
nology in health care and its effect on patient satisfaction.
A study from Bangladesh implies medical treatment of
the hospital, service of the hospital staff, hospital facilities,
and technology are factors that affect patient satisfaction
[13]. The population aging trends in the Next-11 nations
have led to increased health care expenditures [14]. On the
other hand, the millennial generation for health provid-
ers is crucial for understanding what content needs to be
available at patient portals on mobile devices.

However, a recent study concerning health service in
Serbia suggested the most common determinants of citi-
zen satisfaction with health care are age, health condition,
income, type of service (state or private sector), communi-
cation, politeness of staff, and the overall hospital environ-
ment [15]. Student satisfaction with the quality of service
provided by student polyclinics showed that personal re-
lationships had the most tangible impact on student sat-
isfaction while promptness of service was also important
[16]. Additionally, health managers from Serbia focus their
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efforts on ensuring the competence of employees while
managers from health care organizations from Slovenia
are more external-oriented [17]. The analysis of previous
literature revealed the need to develop a model for iden-
tifying the most important factors for patient satisfaction
in Serbia and their relationships.

The aim of this study is to determine factors that influ-
ence patient satisfaction, as it is an indicator of quality
health care in Serbia [18]. The findings should encour-
age a shift in the attitude and relations of hospital staff
with patients towards a more client/consumer-oriented
healthcare service. The main reason is that better customer
satisfaction leads to better customer loyalty for healthcare
institutions.

METHODS
The research framework

The research framework of this study was based on the
study by Otani et al. [19], which includes five elements
for defining the initial conceptual model: admission pro-
cess, doctor care, staff care, food, and room in the hospital.
This study’s scope did not include food and room as the
research aimed to evaluate patient perceptions before they
have stayed in healthcare institutions. A research study of
various large hospitals in the USA investigated the rela-
tionship of doctor care and doctor environment to overall
patient satisfaction. The results showed that all attributes
were statistically significant and positively related to over-
all satisfaction [20].

Several studies have already proved that courtesy and
efficiency of admission processes in health provider insti-
tutions are significant for patient satisfaction and waiting
times [21, 22, 23]. The admission processes in this study
consist of three elements: promptness or efficiency of the
admission or registration, courtesy and helpfulness of the
admission or registration, and waiting time for medical
treatment.

Staff care is another important factor for determina-
tion of patient satisfaction. It should be evaluated from
two sides. Firstly, staff care is about the willingness to help
patients if they have questions or concerns. Secondly, staff
care is about providing clear and complete explanations
about how patients should practice self-care at home.
Again, the emphasis is about clear communication with
patients.

In the health service sector, it is crucial to ensure avail-
ability of doctors when patients need them [24]. Com-
munication with a doctor usually develops trust with the
patient and promotes patients’ desire to understand health
treatment.

There are also some differences regarding patient sat-
isfaction with healthcare providers based on age. Taking
alook at the health habits of the millennial, baby-boomer,
and X generations, health institutions can better under-
stand how to provide personal relationships and integrate
health IT tools into the care process to create the best
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Table 1. Factors of the initial conceptual model

Damnjanovi¢ D. et al.

Construct Construct type | Items (given ona 1 to 5 Likert scale) Variable name
Promptness of the efficiency of the admission or registration AP1
Admission process Reflective Courtesy and helpfulness of the admission or registration AP2
Waiting time for medical treatment is short AP3
Availability of your doctor when needed DC1
Doctor (physician) care Reflective Doctor ability to communicate with you DC2
Doctor ability to provide adequate instructions or explanation of your DC3
treatment or test
Staff willingness to help if you have question or concern SC1
Staff care Reflective Clear and complete explanation provided by the staff on how to care about sc2
yourself at home
Healthcare institution ability to provide on line admission process TT1
Technology tools Reflective Health care institution ability to provide online doctor advice TT2
Possibility to track health condition using mobile application TT3

patient outcomes. A large portion of this study’s sample
were millennial patients (51%) and the main results from
previous studies refer that they prefer a strong doctor con-
nection, adequate time for discussion, and verbal commu-
nication of recommendations. Younger generations abroad
have unique preferences when they discuss health tech-
nology (tele-health, mobile health applications). This is
supported by a previous research study from Bangladesh,
according to which technology in health care is one of
the most important factors that affects patient satisfaction.
Three items can describe construct technology including
a connection with admission processes (healthcare insti-
tution’s ability to provide online admission processes), a
connection with doctors (healthcare institution’s ability to
provide online doctor advice), and tracking health con-
ditions (the possibility to track health conditions using
mobile applications), see Table 1.

The set of relationships is given in a form of hypotheses
that our model is testing (Figure 1):

H1: The quality of the admission process will have a
positive effect on doctor care;

H2: The technology tools will have a positive effect on
the admission process;

H3: The staff care will have a positive effect on doctor
care;

H4: The technology tools will have a positive effect on
doctor care;

H5: The technology tools will have a positive effect on
staff care.

Data collection and sample size

Data were collected with a structured on-field ques-
tionnaire from different hospitals located in Serbia. We
covered all regions in Serbia including Vojvodina (102),
Belgrade (126), Sumadija and Western Serbia (94), and
Southern and Eastern Serbia (84). The data was collected
during May of 2017 and June of 2017. Out of 500 ques-
tionnaires in total, 406 were completed and returned, re-
sulting in a response rate of 81.2%. Distribution of the
background characteristics of the patients are regarding
gender — 45.32% (184) were males, while 54.67% (222)
were females. The majority of patients were young. The
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age groups of 18-29 years and 30-39 years comprised
51.23% (208) and 31.53% (128) of the total sample sur-
veyed, respectively. Those 50 years old and above consti-
tuted only 17.24% (70) of the total sample. The responses
for the patient satisfaction indicators were presented over
the five-point Likert scale, ranging from highly unsatisfied
to highly satisfied. After expiration of the surveying period
and acquisition of the satisfactory number of completed
surveys, the results were coded and entered into the IBM
SPSS Statistics Version 22.0 (IBM Corp., Armonk, NY,
USA). Following good practice, prior to data analysis, er-
ror screening and data cleaning were undertaken. After
ensuring that there are no missing values or values that
fall outside of defined ranges, data analysis proceeded. The
following statistical tools were used: descriptive statistics
(means, frequencies) for capturing average values on the
examined issues, and factor analysis for analyzing patient
perception of health care factors in choosing a healthcare
institution.

Data analysis

The model was constructed and analyzed using the Smart-
PLS 3 (SmartPLS GmbH, Bonningstedt, Germany). Smart-
PLS 3 supports work with covariance-based structural
equation models, and is particularly useful when work-
ing with small samples such as the sample evident in this
study (n = 406). PLS analysis is a two-stage process [25].
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Following the analytical procedures, the measurement
model was examined first, followed by the structural
model. The test of the measurement model includes an es-
timation of internal consistency (composite and indicator
reliability), convergent validity, and discriminate validity.
The second stage of PLS modelling is an assessment of the
structural model. The rationale of this two-step approach
is to ensure that the conclusion on structural relationships
is drawn from a set of measurement instruments with suit-
able properties. PLS path modelling does not provide any
global goodness-of-fit criterion.

RESULTS

The results of the final model based on the initial research
model are presented in Figure 2. At the significant level
of 5%, according to the results, the study found that the
quality of the admission process was a significant factor
and positively affects doctor care. In the second relation-
ship, interaction with technological tools, patients report
positively influenced admission process, and they want to
book, track, and receive advice online about health care
conditions. In the third relationship, the impacts of inter-
action with staff care, patients report that doctor care was
statistically significant. Finally, in the fourth relationship,
technology tools and doctor care, these significantly in-
fluenced patient satisfaction. The remaining hypothesis
technology tools do not significantly affect staft care. The
reason for this could align with age differences and the
time to adapt to using technology in the healthcare system.

TT1
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T3 -
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Figure 2. Model of factors affecting patient satisfaction

The model describes that 66.2 variance for the doc-
tor care variable is based on three constructs: admission
process (0.319), staff care (0.137), and technology tools
(0.206). The first factor, admission process, emphasizes
health process quality. It envelopes the following items:
service is performed quickly; staff is willing to help pa-
tients with appointments; and staff tries to respond to
patient requests. Score of latent variable doctor care is
4.20/5.00, which means that patients are mostly satisfied
with doctor care.

In addition, the model explains that 42.9 variance for
the staff care variable is based on two constructs: technol-
ogy tools (0.292) and doctor care (0.137). Patients agree
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that using modern technology tools with staff care may
increase patients’ satisfaction. For the older population,
it is crucial for hospital staff to provide clear instructions
about health treatment at home.

Additionally, 56.7 variance for the admission process
variable is based on only one construct: technology tools
(0.248). It will be important in the future to investigate
what other factors can explain the constructs in the model.
This study found that health service from early stages is a
service aimed at building relationships with patients. On
the other hand, services provided after the transaction is
a service that will always be remembered by the patient.

DISCUSSION

Given all indicators discussed, the model has good perfor-
mance given its parsimony. The findings showed that the
four hypotheses are confirmed (see Table 2).

Table 2. Hypotheses testing results

Decision
Confirmed at 1%
confidence level

Confirmed at 1%
confidence level

Confirmed at 1%
confidence level

Confirmed at 1%
confidence level

Hypotheses

H,: The quality of the admission process will
have a positive effect on the doctor care

H,: Technology tools will have a positive effect
on the admission process

H,: Staff care will have a positive effect on the
doctor care

H,: Technology tools will have a positive effect
on the doctor care

H,: Technology tools will have a positive effect | Not confirmed

on the staff care

The research hypotheses were tested using the question-
naire survey responses from 406 patients from Serbia from
public and private health institutions. The main finding of
this research is that patient satisfaction is determined by
different factors — professional (doctor) care and staff care.
Also, two important factors are the admission process and
technology tools for healthcare institutions.

The first hypothesis confirmed the quality of the ad-
mission process would have a positive effect on doctor
care. Promptness of the efficiency of the admission or
registration, courtesy and helpfulness of the admission or
registration, and short waiting time for medical treatment
are important factors that affect patient opinion and have
strong correlation with doctor care: ability to communi-
cate with patients and provide adequate instructions or
explanation of patients’ treatment or test. Similar results
are also confirmed in a similar study undertaken in Japan
[26]. Items that described process quality - the service
speed and the quality of the patient-provider interaction
- seem to be greatly valued by Japanese patients.

The research model also explains that technological
tools have a positive effect on the doctor, staff, and admis-
sion process. This finding is similar to results from other
studies, which showed using mobile apps for patient health
needs improved satisfaction [27, 28]. Mobile devices and
the use of health-related applications is growing rapidly in
the USA and provides many benefits for health providers
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- increased access to point-of-care tools, which has been
shown to support better clinical decision-making and im-
proved patient outcomes [29]. Diagnosaurus is an example
of a popular low-cost mobile differential diagnosis app
for patients, presented on iPhone, iPad, and iTouch [30].
The influence of technology on a doctor’s role is also an
important relationship for future investigation. Regard-
less of doctors’ technical competence, their ability to deal
with patients and influence their behaviour will depend
more on their personality and attitude [31]. Leadership
skills are playing an important role in doctor care develop-
ment. Our results highlight the importance of developing
more technology tools in the healthcare sector in Serbia
and providing education for patients, doctors, and staff for
using these tools. Furthermore, resource constraints are
influencing the quality of medical care in the Eastern Eu-
ropean region and the Balkans. It is necessary to develop
better healthcare planning practice for a more systematic
policy approach in the future [32].

The third hypothesis that staff care would have a posi-
tive effect on doctor care is confirmed. It is important for
the staff to be willing to help with patient questions and
concerns such as doctor availability. Additionally, a profes-
sional approach is important for developing patient trust.
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®aKTOpPM KOju yTMUY Ha 3a40B0/bCTBO HONECHMKA Y 34 paBCTBEHOM CeKTOpY Y Cpbuju

BecHa [lamtbaHoBuh', Pagmuna Januunh', BecHa JoBaHoBuh?

'"YHuBep3uTeT y Beorpagy, ®akyntet opraHu3aLnoHux Hayka, beorpag, Cpbuja;
2/HCTUTYT 3a opTOMeacKo-x1pypLuke 6onectn, barnua’, beorpag, Cpbuja

CAMETAK

YBoa/Unsmb Linb oBor paja je Aa nctakHe GakTope Koju yTi-
Yy Ha KBaJIUTET 34PaBCTBEHUX YCayra y MPUBAaTHUM 1 jaBHUM
3[paBCTBEHUM ycTaHOBaMa y Cpbuju.

Mertope Nopaum cy npukynsbeHn maja 1 jyHa 2017. roguHe ny-
TeM aHKEeTHOT YNUTHWKa. YKYMHO je npuMibeHo 406 NomyHeHnX
ynuTHMKa og 500, wro je 81,2% ogrosopa.

PesynTatu VipeHTndrKoBaHa cy yeTrpy BaxHa dpakTopa Koja
HajBYILLE YTIYY Ha 3aA0BO/LCTBO GONECHMKa Y 34PaBCTBEHOM
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cektopy y Cpbuju: npouec npujema, nekap, 0Cob/be 1 TeXHO-
NOLLKW anatu.

3akmyyvak Mopen onucyje aa je Bapwjabna 6pura nekapa of
66,2 6a3vpaHa Ha NPoLeCy Npujema, TEXHONIOLWKMM anaTtuma v
He3u ocobsba. Xnnotesa Aa he TexHONOLIKM anaTv MaT No3u-
TVBaH edekaTt Ha 6pury o ocobby Huje notepheHa.

KrbyuHe peun: 3a10B0/bCTBO 6OMECHNIKA, GaKTOPW; 34paBCTBe-
Ha 3awTnTa; Cpbuja
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Restless legs syndrome in patients with distal
diabetic polyneuropathy

Tatjana Smiljkovi¢, Svetlana Kosti¢-Dedi¢, Vesna Nikoli¢, Andela Gavrilovi¢, Sanja Jevdic
University Medical Center Zvezdara, Department of Neurology, Belgrade, Serbia

SUMMARY

Introduction/Objective An association between restless legs syndrome (RLS) and etiologically different
_ Ty polyneuropathies is well established. However, the investigations about the prevalence of RLS in diabetic
NN polyneuropathy (DP) have led to controversy.

Our study objective was to determine the frequency of RLS in patients with distal symmetrical poly-
neuropathy in patients with diabetes and identify possible risk factors for its occurrence in this group
of patients.

Method We investigated 101 consecutive patients with distal DP. RLS was diagnosed according to the
International RLS Study Group diagnostic criteria. The distal symmetrical polyneuropathy was confirmed
by the electromyoneurographic study performed in each patient.

Results Overall RLS was present in 27 (26.73%) patients. The comparison between patients with and
without RLS revealed that the RLS+ group included more women than men (14.85/9.90% vs. 35.64/37.62%,
non-significant), patients were significantly younger (60.58 + 10.54 vs. 65.57 + 10.94 years, p < 0.05),
sensory polyneuropathy was significantly more common (17/27 vs. 34/74, p < 0.05); the average level
of the total serum calcium concentration was higher in the RLS + group than in non-RLS (2.43 £ 0.26 vs.
2.28 + 0.39; p < 0.05). However, multivariate logistic regression analysis did not demonstrate these as
significant independent risk factors for RLS in DP.

Conclusions RLS is common in DP and occurs in more than a quarter of these patients. Though sensory
forms and higher total serum calcium concentration were associated with RLS, neither of these has been
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identified as a significant single risk factor for the development of RLS in DP.
Keywords: restless legs syndrome; diabetes mellitus; polyneuropathy

INTRODUCTION

Restless legs syndrome (RLS) causes an irresist-
ible urge to move legs, usually accompanied by
unpleasant sensations in them. The symptoms
occur at rest, usually before sleep, and after an
activity or stretching they subside [1]. Thus far,
the assumption is that central dopaminergic
dysfunction contributes to the disease patho-
genesis [2]. The disorder can be primary and
secondary. Forty to sixty percent of patients
with primary RLS have a positive family his-
tory with autosomal dominant inheritance
[3]. Secondary RLS can coincide with various
conditions such as iron deficiency, low ferritin
level, renal failure, and anemia, especially dur-
ing pregnancy [4, 5, 6]. An association between
RLS and etiologically different polyneuropa-
thies, including diabetic neuropathy, has been
suggested in previous studies [7, 8]. However,
the investigations about a link between RLS
and diabetic neuropathy has led to controversy;
while some authors found a high prevalence
of RLS in diabetic neuropathy, others did not
[9, 10].

Our study objective was to determine the
frequency of RLS in patients with distal sym-
metrical polyneuropathy in patients with dia-
betes mellitus and to identify possible risk fac-
tors for its occurrence in this group of patients.

METHODS

The study was conducted at the Clinical De-
partment of Neurology of the University Medi-
cal Center Zvezdara. It included 101 consecu-
tive patients with diabetes mellitus and con-
firmed diabetic polyneuropathy. Patients on
dialysis, rapidly deteriorating patients, patients
with other conditions that could cause RLS, as
well as pregnant women, were excluded from
the study. All patients voluntary participated in
the study and signed written informed consent.

The original questionnaire (Table 1) was
used to obtain demographic data and data
about related conditions - diabetes, polyneu-
ropathy, and RLS. Relevant essentials for each
condition were the age at the time of the onset,
the duration of the disease, its course, as well
as a temporal relationship between them. Also,
other concomitant illnesses and medications
were registered.

One of the investigators performed clinical
neurological examination of all the patients. The
distal symmetrical polyneuropathy was diag-
nosed in patients with the clinical finding of the
diffuse distal involvement of peripheral nerves
on the extremities. The second investigator per-
formed an electroneurophysiological study in
all the patients and confirmed the diagnosis of
polyneuropathy, using electromyoneurographic
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Table 1. Questionnaire

Name and surname
Gender M F
Age at observation (years)

Diabetes mellitus (DM)

Age at onset of DM (years)

Disease duration of DM (years)

DM type: | I

DM therapy

Duration of therapy for DM (years)

Age at onset of polyneuropathy (years)
Duration of polyneuropathy (years)
Concomitant illness

Blood donor: YES NO
No. of donations in the past 3 years
Blood transfusions:  YES NO
No. of transfusions in the past 3 years
Habits
Coffee intake: YES NO
Duration of habit (years)
Cups of coffee No./day
Smoking: YES NO
Duration of habit (years)
Cigarettes No./day
Alcohol: YES NO
Duration of habits (years)
Restless legs syndrome (RLS): YES NO

Duration of symptoms (years)
Age at the onset of RLS (years)
Family history: YES NO

criteria [11]. Based on the symptoms, according to Wolf’s
criteria, polyneuropathy was classified as sensory, motor,
or sensorimotor [12].

The third neurologist, blinded for the clinical and
neurophysiological evaluation, established the diagnosis
of RLS. The patients were diagnosed as RLS only if all
four diagnostic criteria were present, defined by the In-
ternational RLS Study Group: 1. an urge to move the legs,
usually accompanied or caused by unpleasant and un-
comfortable sensations in the legs; 2. the urge to move or
unpleasant sensation begins or worsens during periods of

rest or inactivity, such as lying down or sitting; 3. the urge
to move or an unpleasant sensation are partially or totally
relieved by movement, such as walking or stretching, at
least as long as the activity continues; 4. the urge to move
or unpleasant sensations are stronger in the evening or at
night than during the day, or only occur in the evening or
at night [1]. At the onset of the investigation, new criteria
have not been defined [13].

A blood sample was taken from every patient and com-
plete blood count, hematocrit, concentration of hemoglobin,
ferritin, iron, electrolytes, blood urea nitrogen, cholesterol,
cholesterol fractions, and triglycerides were determined.

Statistical analysis included methods of descriptive statis-
tics, Student’s t-test, and x* test. Logistic regression analysis
assessed the importance of the risk factors, and odds ratio
measured the effect with a 95% confidence interval. A p-
value of 0.05 or less was considered statistically significant.

RESULTS

The study involved 52 (52.5%) men and 49 (47.5%) wom-
en, with a mean age of 64.13 + 11.02 years. One third of
the patients had diabetes mellitus type I (34/101) and two
thirds had diabetes mellitus type II (67/101), which per-
sisted 12.64 + 8.1 years on average. RLS was present in 27
(26.73%) patients, of whom 13 patients had diabetes mel-
litus type I and 14 patients had diabetes mellitus type II.
The comparison between patients with and without
RLS was performed (RLS+ and RLS- group, respectively).
There were more women than men in the RLS+ group
(14.85/9.90% vs. 35.64/37.62%, non-significant), and this
group of patients was significantly younger than patients
without RLS (60.58 + 10.54 vs. 65.57 + 10.94 years, p < 0.05).
No difference in the type of diabetes, duration of dia-
betes, or duration of diabetic polyneuropathy was found
between the groups (Table 2). However, the type of distal

Table 2. Comparison of patients with and without restless legs syndrome in distal diabetic polyneuropathy

Parameter RLS+ (n =27) RLS- (n =74) p
Sex M/F 10/15 38/36 ns
Current age (mean + SD, years) 60.58 + 10.54 65.57 +10.94 p <0.05
DM type I/l 13/14 21/53 ns
Duration DM (mean = SD, years) 5.56 +5.74 12.84+8.72 ns
Duration of polyneuropathy (mean + SD, years) 447 +3.22 6.05 + 5.64 ns
MCV (mean + SD, cm) 36.38 +9.07 36.26 + 8.14 ns
Latency (mean £ SD, cm) 5.16 +3.89 5.56+4.72 ns
SCV (mean £ SD, cm) 29.62 +10.01 29.75+9.90 ns
Er 421+1.21 441 +£0.74 ns
Hct 39.27 £4.09 39.14+ 442 ns
Ferritin 173.93 +£189.20 175.87 £ 143.66 ns
Na+ 140.82 £ 3.49 138.10+£8.38 ns
K+ 5.16 +4.14 536+4.16 ns
Ca+ 243 +£0.26 2.28 £0.39 p <0.05
Mg 0.94 £0.46 0.79 £ 0.081 ns
Cholesterol 5.94+1.50 582+ 1.164 ns
Triglyceride 257 +1.87 239+ 1.65 ns

RLS - restless legs syndrome; DM - diabetes mellitus; SD - standard deviation; ns — non-significant; MCV - motor nerve conduction velocities; SCV - sensitive

nerve conduction velocities; Hct — hematocrit; Er — erythrocytes
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peripheral neuropathy was different: sensory polyneuropa-
thy was significantly more common in the RLS+ group
(17/27 vs. 34/74, p < 0.05), while sensorimotor polyneu-
ropathy was significantly more common in the RLS- pa-
tients (10/27 vs. 40/74, p < 0.05).

Comparing laboratory parameters, the only statisti-
cally significant difference was found in the average level
of total serum calcium concentration: it was higher in the
RLS+ group than in the non-RLS patients (2.43 + 0.26 vs.
2.28 +0.39, p £ 0.05). The complete blood count, iron and
ferritin levels, electrolytes, and serum lipids concentrations
were not different between the groups (Table 2).

Univariate logistic regression analysis revealed that to-
tal serum calcium concentrations (p = 0.025) and nerve
conduction latency (p = 0.048) were associated with RLS.
However, multivariate logistic regression analysis did not
demonstrate these as significant independent risk factors
for RLS in diabetic polyneuropathy.

DISCUSSION

Our results confirmed that RLS was common in patients
with diabetic polyneuropathy: almost a quarter of them
had RLS (26.73%), which was significantly more than in
the general population (7-10%) [14]. According to other
studies, the number of patients with polyneuropathy and
RLS varies from 5.2% up to 36%, and this difference was
the aftermath of diverse study designs [15, 16]. However,
most studies have shown an alliance between RLS and neu-
ropathy, despite whether they analyzed RLS frequency in
patients with neuropathy or the frequency of neuropathy
in patients with RLS [7, 16-19]. Our results were consistent
with the results of Lopes et al. [19], who found RLS in 27
patients from the group of 100 patients with diabetes, and
25 of those 27 patients had neuropathy as well. Gemignani
et al. [18] reported a somewhat higher frequency of RLS
in patients with diabetic neuropathy (33.3%), especially in
patients with distal diabetic polyneuropathy. Slightly lower
prevalence of RLS in our group, compared with the results
of Gemignani et al. [18], could be explained by the deci-
sion to include only patients with electrophysiologically
confirmed neuropathy; consequently, the patients with
small-fiber neuropathy could not qualify. Other authors,
however, did not corroborate the frequency difference of
RLS in diabetics and controls [10]. Since patients inform
about similar symptoms in neuropathy and RLS, symp-
toms overlap and RLS could be overlooked in patients with
neuropathy. Some authors suggested that in every patient
with a suspected neuropathy, an interview focused on RLS
criteria should be performed [20].

Results of this study showed that RLS is more com-
mon in patients with sensory polyneuropathy, the same
as previously found by other authors [9], who particularly
emphasized the association of RLS and sensory small-fiber
neuropathy [18]. Further assumption was that abnormal
inputs from the periphery activate spinal generators so that
RLS is not exclusively associated with central dopaminergic

‘ DOI: https://doi.org/10.2298/SARH171002201S
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dysfunction but possibly starts on a different level of the
nervous system, either central or peripheral [18].

Our RLS patients were younger than those without RLS.
The observation was interesting because, although chil-
dren may have RLS, epidemiological studies have shown
that it occurs most frequently in the middle-aged and that
the incidence rises with age [4]. The results in the literature
differ: while some authors concluded that patients with
RLS are older than controls, others did not find this dif-
ference [8, 10, 16, 17, 18, 21].

In our RLS + group, women were slightly more represent-
ed, which was determined in the majority of trials, although
there are papers where there is no difference between sexes
[7, 16, 21]. Other female patients (without neuropathy) also
have RLS more often, but the connection between RLS and
anemia or pregnancy was established [4, 5].

We did not find the difference in serum iron and ferritin
levels between patients with and without RLS. Numerous
studies have suggested the association of iron metabolism
and low serum ferritin with RLS, and several studies have
shown that the severity of RLS correlates with the level of
serum ferritin [4]. However, it appears that the RLS+ dia-
betic population is independent of serum iron and ferritin
levels [8, 10, 21]. We recorded a significantly higher level
of total serum calcium in those with RLS. The same was
noted in hemodialysis patients and investigators suggested
that high serum calcium was possibly connected to the
pathophysiology of RLS [22]. The exact significance of this
result in diabetic polyneuropathy is not clear and further
tests are required to confirm and establish this result.

Though univariate logistic regression analysis has
shown an association between serum calcium concentra-
tions and nerve conduction latency with RLS, multivari-
ate logistic regression analysis did not isolate any of the
investigated factors as a significant single risk factor for
the development of RLS in distal diabetic polyneuropathy.
Investigation of possible risk factors for the occurrence
of RLS in diabetics in some studies disclosed peripheral
neuropathy to be the only risk factor for the occurrence of
RLS, while others revealed none [10, 19, 21].

Our study had several limitations, including a relatively
small sample and exclusion of patients with sensory small-
tiber neuropathy. Nevertheless, we believe the research is
important because only a few in our country deal with
this problem.

CONCLUSION

The RLS is common in diabetic polyneuropathy and oc-
curs in more than a quarter of these patients. Though
sensory polyneuropathy and higher total serum calsium
concentration have been associated with RLS, neither of
these has been identified as a significant single risk factor
for the development of RLS in diabetic polyneuropathy.
Further studies are needed to clarify the real association
between serum calsium concentration and RLS in diabetic
polyneuropathy.
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CMHAPOM HEMUPHUX HOTY KOg,060/1e11X 04 AUCTaNHe aujabeTyHe NoaMHeyponaTuje

TatjaHa CmubkoBuL, CBetnaHa Koctuh-Leauh, BecHa Hukonuh, AHbena laspunosuh, Carba Jeshuh
KnnHnuko-6onHnuKM LeHTap ,3Be3fapa’; KnnHnuko ogerbere 3a Heyponorujy, beorpag, Cpbuja

CAXETAK

YBoa/Lum MNose3aHocT cHapoma HemupHux Hory (CHH) ca
HeyponaTujama pa3nuuute eTnosoruje jacHo je ytephena.
MeByTum, pesyntatn utpakmnsarma o yyectanoctn CHH kog
aunjabetnyHe nonvHeyponatuje (AMH) cy KOHTpoBep3HU.
Linm Hawer paga je 6uo fa ce ytBpam yyectanoct CHH kog 60-
NeCHVIKa ca AMUCTaIHOM AVjabeTNYHOM NONMHEYPOMATMjOM, Kao
1 pa ce yctaHoBe Moryhu dakTopy pr3vKa 3a heroBy rnojay y
0BOj rpynu obonenux.

MeTopg VcnntrBatbe je 06yxsatuno 101 KOHceKyTUBHOT 060-
nenor ¢ guctanHom AMNH. AnjarHo3a CHH je noctas/beHa Ha
OCHOBY KpuTepujyma VIHTepHaLoHanHe rpyne 3a NcnutmBarbe
CUHAPOMa HeMUPHUX Hory. CBakom 6onecHKyY ypaheHo je
€NeKTPOMIOHEYPOrpadCcKo NCNUTUBAHE KOjUM je MoTBphHeHa
AunjarHosa guctanye [AMH.

Pesynrtatn CHH je 610 npucyTaH Kop 27 (26,73%) 6onecHuKa
y ofHocy Ha ueny rpyny. Mopehere obonennx ca CHH+ 1 6e3
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CHH- noka3ano je aa je y rpynv CHH+ 6110 HeLTo BULLE XeHa
Hero myLuKapaua (14,85/9,90% Tj. 35,64/37,62%), obonenu cy
61 3HavajHo mnahu (60,58 + 10,54 T1j. 65,57 + 0,94 roguHa; p
< 0,05); 3HauajHo Yelwha je 6una ceH3UTMBHa MONMHEYponaTja
(17/27 7j. 34/74, p < 0,05) 1 umanu cy Buwm H1UBO Ca 'y KpBu y
ofHocy Ha obonene 6e3 CHH- (2,43 + 0,26 npema 2,28 + 0,39;
p < 0,05). MebByTum, MynTrBapujaHTHa perpecnoHa aHanmsa
Huije MOKa3ana [a je njefaH of HhUx 3HayajaH GpakTop prsmka
3a nojaBy CHH kog anctanHe AMNH.

3akmyyak CHH je vect kopg AlNMH u jaBrba ce Koa BULle of
yeTBpTMHe obonenux. Miako cy ceH3opHa dbopma 1 NoBuLLEH
HVBO yKynHor Ca 'y cepymy 6unu yapyeHu ca CHH, HujepaH
Of} FUX Ce HUje N3[ABOjMO Kao 3HayajaH nojeAnHauyHN GakTop
pu3mKa 3a HactaHak CHH kop anctanHe [MH.

KrbyuHe peun: CMHAPOM HEMUPHUX HOTY; fnjabeTec; nonu-
HeyponaTtuja

www.srpskiarhiv.rs

515



DOI: https://doi.org/10.2298/SARH171002190B

UDC: 616.98-085.33:579.834; 615.33

CASE REPORT / MPUKA3 BOJNNECHUKA

The influence of early antibiotic therapy on the
clinical manifestations in patients with early Lyme
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SUMMARY
Introduction/Objective Lyme borreliosis is a multisystem infectious disease caused by Borrelia burgdor-
feri spirochetes transmitted by the bite of an infected tick. The disease manifestations are very different,
with the skin, joints, heart, and nervous systems being most often affected.
The aim of this study was to find out whether there are significant differences in the appearance of
symptoms and signs of the disease between the subjects who did / did not receive prophylactic, early
antibiotic therapy, after the tick bite in patients diagnosed with the early phase of Lyme borreliosis.
Methods The study was carried out on 2,070 patients, who were treated or examined at the Clinic for
Infectious and Tropical Diseases in the 1989-2004 period. The patients were divided into group A (n =591),
in which they were given early antibiotic therapy, and group B (n = 1,479), in which they were not. The
antibiotic therapy was used within five days of a tick bite in patients with a probable infection, who, at the
time, did not have any symptoms or signs. The applied antibiotics included cephalosporins, macrolides,
tetracyclines, semisynthetic penicillins, repeatedly for seven or 14 days, or benzathine benzylpenicillin
once only.
Results The disease developed in a statistically significantly larger number of patients who were not
given early antibiotic therapy (537/1,479) than in those who received the therapy (10/951), i.e. the ratio
was 36.3% vs. 1.7%. We concluded that only two antibiotics were sufficient for optimal prevention: doxy-
cycline and ampicillin, administered for seven days. The applied antibiotics showed a high statistically
significant efficacy, ranging from 93.7% (cephalosporins) to 99.4% (macrolides).
Conclusion The application of early antibiotic therapy after a tick bite was effective in preventing the
early phase of Lyme borreliosis, while in the case of infection it prevented the development of extracu-
taneous manifestations.
Keywords: Lyme disease; tick; antibiotics; prophylaxis
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INTRODUCTION

Lyme borreliosis (Lb) is a multisystem infec-
tious zoonotic disease caused by the Borrelia
burgdorferi (Bb) spirochetes transmitted by a
bite of an infected tick of the genus Ixodes. The
disease manifestations are very different, with
the skin, joints, heart, and nervous systems be-
ing most often affected.

The tick bite is the primary mode of infec-
tion, and the infection can occur via the con-
junctiva or micro trauma that occurs after the
tick destruction and skin irritation by its con-
tents [1].

Ixodes ricinus has been proved to be a vec-
tor in our country. The infection occurs after
one to three days, and rarely within 24 hours,
due to inappropriate tick removal [2, 3]. The
risk of developing Lyme disease after the bite
of an infected tick is 1-4%, while asymptomatic
infections range up to 26% in the endemic area
[4, 5]. There is a greater risk of the occurrence
of manifest illness in children, as well as of the
late stage development in people with an as-
ymptomatic infection.

Depending on the stage and extent of the
disease, the duration of antibiotic therapy for
skin manifestations at the early stage is four to
six weeks, while for extracutaneous manifesta-
tions the duration is about two months. At the
late stage, antibiotic treatment lasts up to 16
weeks, i.e. until the loss of subjective symptoms
and clinical signs of the disease [1, 6, 7, 8].

The fact that it affects multiple organs and
systems, the development of the late stage
of the disease with definite tissue and organ
damage, the onset of autoimmune diseases,
recurrence and disability, and a possible death
outcome were the subject of research in many
clinical studies in terms of disease prevention
and recommendations for the use of antibiotic
therapy after the tick bite, and before the mani-
festation of the disease [9, 10].

Most authors consider that neither the rou-
tine use of antibiotics nor serological testing is
necessary just after the tick bite [11, 12]. How-
ever, the aforementioned therapy is justified in
endemic areas in cases of repeated bites and of
serious suspicion concerning the possibility of
an infection [9, 13].



The influence of early antibiotic therapy on the clinical manifestations in patients with early Lyme disease

One study involving 600 patients showed that the use of
antibiotic therapy was unnecessary due to a small number of
infected persons (1.4%) in patients who did not receive an an-
tibiotic after the tick bite, but the same authors recommended
carrying out additional studies concerning this subject [14].

Due to the early dissemination of the cause of the dis-
ease, the difficulty in diagnosis, and major problems in
the treatment of infected patients, particularly in the late
stage of the disease, there are opinions that, if there is a
suspicion of an infection after the bite, it is justified to
apply antibiotics for up to two weeks [6, 8].

The aim of this paper is to determine the effect of pro-
phylactic, i.e. early application of antibiotic therapy on the
clinical manifestations in the early phase of Lb. For the
purpose of this study, prophylactic antibiotic therapy was
defined as the use of antibiotics up to five days after the
tick bite in individuals with suspected Bb infection who
did not show clinical symptoms and signs of the disease
at the time of the application of antibiotics.

METHODS

The study was designed as a retrospective-prospective
cohort study. It initially included 2,470 patients who were
treated at the Clinic for Infectious and Tropical Diseases of
the Military Medical Academy (MMA), Belgrade, Serbia,
or examined at the outpatient clinic in the period between
January 1, 1989 and December 31, 2004; out of 400 exclud-
ed patients 207 did not show up for follow-up monitoring,
and 193 received early antibiotic therapy. The study did
not include patients who had a positive serological reac-
tion to the Bb antigens at the first examination, i.e. those
who had previously developed an infection.

All the patients were classified into two categories. The
first category consisted of people who came to the Clinic
because of a tick bite. The presence of probable Bb infec-
tion was based on the existence of at least one of the fol-
lowing criteria: the presence of Bb in the removed tick; the
tick’s presence in the skin for more than 48 hours; data on
inappropriate tick removal; and the presence of the anti-
bodies to Bb antigens in the serum after four to six weeks.
In some patients, based on the clinician’s assessment, early
antibiotic therapy was applied, while in others it was not.

The second category included patients who came with
some of the symptoms and were diagnosed with the early
phase of Lyme disease. The diagnosis was based on a char-
acteristic change in the skin, i.e. erythema migrans (EM),
clinical picture and the course of the disease, an increase
in antibody titer against Bb antigens in two consecutive
serum samples within two to four weeks (IIF) or on the
positive result after four to six weeks (ELISA), response
to antibiotic therapy, exclusion of other related diseases,
data concerning the tick bite, and stay in the endemic area.

A total of 2,070 patients were divided into group A, in
which early antibiotic therapy was applied, and group B,
in which it was not.

The disease symptoms included headaches, myalgia, ar-
thralgia, loss of concentration, sleep and mood disorders,
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paresthesia, palpitations, and pruritus. The observed signs
of the disease included high body temperature, EM and
multiple EM (MEM), heart rhythm disorders, myocardi-
tis, pericarditis, encephalopathy, meningitis, encephalitis,
cranial neuritis, radiculoneuritis, arthritis, myositis, and
lymphadenopathy.

Based on the type of antibiotic and duration of its appli-
cation, all patients who received antibiotic therapy were di-
vided into three groups: those who were given benzathine
benzylpenicillin once parenterally, those who were given
antibiotics for seven days orally and those who were given
antibiotics for 14 days orally (macrolides, tetracyclines,
cephalosporins, semisynthetic penicillins). In each of these
groups, those who suffered and those who did not suffer
from the early stage of Lyme disease were singled out.

Data sources and examinations included biographi-
cal data from medical and health records, tick bite data,
physical, radiological, and electrophysiological examina-
tions, serological tests concerning Bb antigens (reaction of
indirect immunofluorescence IIF or ELISA tests done at
the Institute of Microbiology of the MMA) and specialist
examinations according to indications.

The tick was removed either appropriately by a surgeon
or an epidemiologist at the MMA, or inappropriately by the
patients themselves and/or other adults when a child had
been bitten. Tick gut contents were tested for the presence
of Bb by an epidemiologist at the MMA Epidemiology In-
stitute, in a dark field, using phase-contrast microscopy. All
the patients were monitored clinically, laboratorically, and
serologically within the period of one to 15 years.

Antibiotics registered for administration in our country
and recommended for the treatment of Lyme disease were
applied in the early antibiotic therapy.

Continuous variables were summarized as means (M)
and standard deviations (SD); the significance between
the groups was determined by the Student’s t-test for the
validity of data distribution. All variables were presented
as frequency of certain categories, while statistical signifi-
cance of differences was tested by the x* test. Statistical
significance was accepted at a minimum level of p < 0.05.

Principles of ICH Good Clinical Practice were strictly
followed and ethical approval from the Ethics Committee
was obtained on September 15, 2017.

RESULTS

In total, there were 2,070 patients. Group A consisted of
591 patients who received early antibiotic therapy, while
Group B comprised 1,479 patients who did not receive any
antibiotic therapy. Comparing the number of patients in
the groups, a statistically significant difference was found
due to the fact that Group B was significantly larger (Table
1) than Group A since early antibiotic therapy was applied
only to those with a probable infection, according to the
assessment of the responsible physician.

In both groups, there were more male patients, a total of
1,572 (75.94%), while there were only 498 females (24.06%),
and there was no statistically significant difference
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in the distribution of sexes in the groups. The average age
of patients in Group A was 35.2 + 19.4 years, while in
Group B it was 39.4 + 20.7. The patients in Group B were
statistically significantly older than those in Group A. The
average age of women was 46.47 * 20.26 years, while that
of men was 33.89 + 19.54 years, with women being statisti-
cally significantly older (p = 0.001).

When the presence of a tick during the examination is
concerned, it was found that the distribution of the sub-
jects was practically identical, as there was no statistically
significant difference between these groups concerning
the presence or absence of ticks, or the use of antibiot-
ics (p = 0.99). The analysis of a large number of patients
(2,041) with appropriately and inappropriately removed
ticks showed a uniform ratio of these categories: 994:1047
(48.7%:51.3%) (Table 1).

The applied treatment was analyzed concerning the
method of removing ticks. It was found that in Group B,
which had not received early antibiotic therapy, the tick
was removed appropriately in 652 patients (45%), inap-
propriately in 798 patients (55%), while 29 patients did not
know about the tick bite and they came to the doctor’s in
the early phase of Lb. In Group A, the tick was removed
appropriately in 342 patients (57.9%), and inappropriately

Table 1. Basic demographic and relevant clinical data

Begovi¢-Kupresanin V. et al.

in 249 patients (42.1%). There were statistically signifi-
cantly more patients in the group that had received the
antibiotic and in which the tick was previously appropri-
ately removed (p < 0.001).

The duration of tick presence ranged from one hour to
more than 48 hours. By analyzing the duration of tick pres-
ence in the skin we can conclude that there was no statisti-
cally significant difference between the groups (Table 1).

After the tick bite in infected patients, the signs of Lb
were most frequently present on the skin (Table 2).

The results show that the clinical signs on the skin were
found in 31.51% of patients who did not receive early
antibiotic therapy, as opposed to those who did (1.52%)
(p < 0.001).

The total number of signs of the disease was 679, and
the number of patients was 537, which means that in some
patients there were several affected systems. Table 2 shows
the frequency of signs on a particular organ system in rela-
tion to the total number of recorded signs in Group B (679).
We observed that the nervous system was affected in 5.34%,
other organs were affected in 3.49%, locomotor system in
2.84%, and cardiovascular system in 2.77% of the patients.

The frequency of changes on the skin, in relation to the
total number of patients (547), was 86.84%, the changes

Groups
Parameters Early antibiotic treatment A Without antibiotic treatment B Probability
n % n %

Age (years), x £ SD 352+194 39.4+20.7 t=4.24;p < 0.001
Patient distribution (n = 591 24.06 1,479 75.94 ¥ =112.39; p < 0.001
2070)
Sex
male 457 77.3 1,115 754

x>=0.76; p = 0.38
female 134 227 364 24.6
Tick presence
yes 260 44.0 652 441

X2 =0.00; p = 0.99
no 331 56.0 827 55.9
Tick removal
appropriatel 342 57.9 652 45.0
. PpIop . Y X =27.34;p < 0.001
inappropriately 249 42.1 798 55.0
Duration of tick presence (hours)*
1-12 74 12.52 146 9.87
13-23 228 38.58 562 38.00
24-48 111 18.78 245 16.57 x>=2.31;,p=0.69
> 48 63 10.66 157 10.62
unknown 115 19.79 369 24.95

*Skin, based on anamnestic data

Table 2. Clinical signs due to Borrelia burgdorferi exposure

Groups

Systems Early antibiotic treatment A Without antibiotic treatment B Probability

n % n %
Skin 9 1.52 466 31.51 X?=213.03; p < 0.001
Nervous 0 0.00 79 5.34
Other 1 0.17 51 3.49 Not shown due to extremely low frequencies in
Joints 0 0.00 42 284 early antibiotic treatment group
Heart 0 0.00 41 277
Total 10 1.69 679 45.91
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Table 3. Efficacy of the early-applied antibiotic therapy

Lyme Lyme
. disease disease Total
Antibiotics class Sloeam present
n % n % n %

Macrolides 182 | 994 | 1 0.6 | 183 | 100
Semisynthetic penicillins | 121 | 984 | 2 16 | 123 | 100
Benzathine benzylpenicillin | 165 | 98.2 | 3 1.8 | 168 | 100
Tetracyclines 98 97 3 3 101 | 100
Cephalosporins 15 |93.7%| 1 63 | 16 | 100
Total 581 | 983 | 10 | 1.7 | 591 | 100

*significantly different (p < 0.05) from macrolides

Table 4. The frequency of the early phase of Lyme disease in patients
regarding the type of treatment

Lyme Lyme
disease disease Total
Treatment present absent
n % n % n %

Early antibiotic treatment | 10 1.7 | 581 | 983 | 591 | 100
Without antibiotic

537 | 363 | 942 | 63.7 | 1479 | 100

treatment
Total 547 1523 2070 | 100
Probability X% =258.40; p < 0.001

in the nervous system were registered in 14.44%, on other
organs in 9.50%, on the locomotor system in 7.88%, and in
the cardiovascular system in 7.49% of the patients.

At the same time, we observed that in patients who re-
ceived early antibiotic therapy, there were no signs of disease
in the nervous, cardiovascular, and bone-muscular systems.

After applying early antibiotic therapy in 591 patients,
581 (98.3%) of them did not develop the early phase of
Lyme disease. Macrolides (99.4%) showed the highest
efficacy, followed by semi-synthetic penicillins (98.4%),
benzathine benzylpenicillin (98.2%), and tetracyclines
(97%). Cephalosporins (93.7%) showed the lowest effi-
cacy, which was statistically significantly lower in relation
to other groups of antibiotics (Table 3).

In Group A, which had received early antibiotic treat-
ment, only 10 (1.7%) out of 591 patients were infected,
while 581 of them were not infected (98.3%). In contrast,
in Group B, which had not received early antibiotic ther-
apy, 537 (36.3%) out of 1,479 patients were infected, while
942 (63.7%) were not (Table 4). The difference found be-
tween these two groups of patients was highly statistically
significant in favor of the group that had received early
antibiotic therapy (p < 0.001).

DISCUSSION

Today, Lb is one of the greatest imitators in medicine, be-
cause it is a multisystem disorder involving many organs
and systems, with the occurrence of a chronic disease
form, the development of disabilities, autoimmune dis-
eases, and sometimes lethal outcome [15].

The disease occurs in all parts of the world. In the United
States, the incidence is 12-39 patients per 100,000, since the
probable cases have also been reported since 2012 [16, 17].
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In Europe, the incidence ranges from 35/100,000 patients
in Germany to 206/100,000 patients in Slovenia [18].

In Serbia, the number of the infected is decreasing
(6.83/100,000), since only 487 cases were reported in 2015
[19]. In the period from 1986 to 2000, Lb was represented in
the zoonotic group with 16.34% in Belgrade, while 4,768 peo-
ple developed the disease in Serbia from 1991 to 2000 [20].

In our study, there were significantly more males (75%),
aged 11-30 years, as most of them were members of the
army who had been outdoors in the field (younger ages were
members of their families). In Europe, about 60% of women
with a tick bite have been registered, which is similar to the
findings in Serbia (57%), aged 20-60 years and over [19].

In the early 1990s, the infected ticks were frequent on
the territory of Belgrade, ranging 20-67%, with a tendency
to decrease. In 2007, this number amounted to 30% [2, 21].

The situation was similar everywhere. In Europe, the in-
fection of Ixodes ricinus with Bb ranged 15-40%, in endemic
areas of America up to 50%, while Ixodes pacificus was in-
fected with Bb in 1-2% of cases [22]. The risk of the occur-
rence of manifest Lb after a bite by an infected tick in Europe
ranges 1-4%, in hyperendemic areas 4.7-5%, but there are
also data on a significantly higher risk (up to 27%) [4, 23, 24].

At the time of examination, 44% of our patients in both
groups had a tick in the skin, while others came with a re-
moved tick or not knowing about the bite. With the largest
number of subjects, 48.31%, the tick stayed in the skin for
up to 24 hours before the first examination.

In our study, there were 21 early-phase Lb patients with
the tick staying in the skin for only 10 hours or up to one
day who developed changes in the central and peripheral
nervous systems, which is in agreement with some authors,
but also in contradiction with some others [2, 3, 25, 26].

Given the large number of subjects in this study, i.e.
994 who had the tick removed appropriately (48.7%) and
1,047 who had it removed inappropriately (51.3%), it was
possible to assess the significance of these two methods of
tick removal for the occurrence of the disease. In the case
of appropriate tick removal, the disease was reported in
22% of patients, while it was reported in 78% in the case of
inappropriate removal, which was statistically significantly
different. The ratio of patients with the tick inappropri-
ately removed who were given early antibiotic therapy was
1.01% vs. 28.7% of patients in the group without antibiotic
therapy. There was a significantly higher number of sub-
jects in the group receiving the antibiotic and in whom
the tick was previously appropriately removed (p < 0.001).

In patients with manifestations in the nervous and car-
diovascular systems in our study, the tick was inappro-
priately removed in most cases, which is in line with the
data given by Southern [27]. According to other authors’
data concerning appropriate tick removal, the number of
patients was statistically significantly lower in relation to
the group where it was inappropriately removed (6% vs.
46%), but this study included a small number of subjects
(52) [28]. According to the results of our authors, the early
phase of Lb occurred in 0.61% of patients with appropri-
ately removed tick, and in 2.5% of patients with inappro-
priately removed tick, while others claim that it occurred
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in 0.2% of patients with appropriately removed tick and in
1.44% of patients with inappropriately removed tick [21,
29]. The aforementioned numerical indicators are lower
in relation to the data from our research due to the longer
monitoring of our patients and the timely started antibiotic
therapy. The results of other studies suggest that 96% of
patients with an appropriately removed tick did not suf-
fer from Lb in a highly endemic region, thus emphasizing
the importance of appropriate forceps tick removal even
without the antibiotic prophylaxis [30, 31].

In our study, we observed the frequency of symptoms
and signs of Lb and registered 12 different symptoms and
24 signs, which we grouped according to the affected or-
gan systems. The disease was manifested on the skin in the
form of EM and other skin changes in 86.84% of patients,
in the nervous system in 14.44%, in other organs (lymph-
adenopathy, liver damage, high body temperature, hypo-
thyroidism, multiple-systemic infectious disease syndrome
- MSIDS) in 9.5%, on the locomotor system in 7.88%, and
in the cardiovascular system in 7.49% of patients com-
pared to the total number of patients (547). In patients
who received early antibiotic therapy, there were no signs
of disease in the nervous, cardiovascular, and musculosk-
eletal systems. In one patient (0.17%) who received early
antibiotic therapy, we registered high body temperature
without other signs of the early phase of Lb, as opposed
to those who did not receive antibiotic therapy, in whom
we registered the following: 3.49% MSIDS (in 29 patients),
lymphadenopathy, liver, damage and hypothyroidism.

In patients who received early antibiotic therapy after a
tick bite, Russian authors observed the infected (1.1%) with-
out EM and with MSIDS, and in those without antibiotic
therapy (12.3%) they noted those with MSIDS, sleep disorder,
EM and MEM, lymphadenopathy, and cardiac disorders [32].
Other authors paid less attention to this category of patients
and did not include them in the analysis when they evaluated
the efficacy of prophylactic post-bite therapy [9, 14, 30, 33].
Our results show that in the group with antibiotic therapy
only EM and MSIDS were observed, while all other signs
were observed in the group without early antibiotic therapy.
The difference between these two groups in relation to the
number of signs was also statistically highly significant.

EM and MEM were significantly more frequently pres-
ent (31.51%) in the group without early antibiotic therapy
compared to patients with the treatment (1.52%). MEM
was observed in 2.3% of patients without early antibiotic
therapy, which was found in the United States in a higher
percentage (20%) due to the early dissemination of Bb in
that area [33]. Today, this can also be accounted for by new
strains with high spirochetemia [34]. Compared to the to-
tal number of patients (547), the incidence of skin changes
was 86.84%. Similar results were also reported worldwide,
with 70-90% in the United States, and 48% in Slovenia [35].
Some patients with Lb without early antibiotic therapy had
several organic systems affected, while 5.34% had changes
in the nervous system, 2.47% in the locomotor system, and
2.77% in the cardiovascular system. Other studies state the
same signs of disease with approximately equal frequency,
which we also observed in our patients [31].

‘ DOI: https://doi.org/10.2298/SARH171002190B
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Unlike in our study, other authors followed their pa-
tients for a shorter period of time and observed fewer
symptoms and signs. Among our patients, there were more
neurological manifestations observed because we paid
special attention to the damage of the peripheral nervous
system due to Lb [36]. The incidence of cardiac mani-
festations in Lb was lower in relation to the data of other
authors where they stated a frequency of up to 10% [37].

Opinions regarding the type and duration of antibiotic
therapy in the treatment of Lb have not yet been harmo-
nized. The general recommendation is that doxycycline,
amoxicillin, and cefuroxime should be administered at an
early phase for two to three weeks, while intravenous ceftri-
axone, cefotaxime, or benzylpenicillin for two to four weeks
in the case of extracutaneous manifestations [38, 39, 40].
The previous recommendation for treating the late phase
was two to four weeks’ therapy and even longer, until the
disappearance of the symptoms [7]. New studies have not
justified the extended, 12-week antibiotic treatment in late-
stage patients with prolonged Lb symptoms [41]. Based on
our experience, a longer four to six weeks’ treatment pre-
vents the dissemination of Bb and its affecting other organs
and systems [1, 6, 8]. On the other hand, other authors con-
sider that 10 days of doxycycline and amoxicillin therapy
is efficient in the treatment of the early phase of Lb [42].

There is a significant difference in the recommenda-
tions for the treatment of the early phase of Lb, symptoms
associated with Lb, and prophylaxis between the Infectious
Diseases Society of America (IDSA) and the International
Lyme and Associated Diseases Society, which advocates
extended antibiotic treatment in all categories [8]. IDSA,
along with several other medical associations, is in the
process of developing new guidelines for the prevention,
diagnosis, and treatment of Lb [43].

There are two opposing standpoints in the world regard-
ing prophylaxis after a tick bite. The authors who are against
the early application of antibiotic therapy base their opinion
on a small proportion of instances of infection after a tick
bite (2-3%), costs, and possible side effects of antibiotics
[11, 12, 31]. Other authors, including us, advocate the use
of early antibiotic therapy, regardless of the small number of
infected persons after a tick bite. Among the infected, there
are often patients with a severe clinical picture with extra-
cutaneous manifestations and a possible fatal outcome [15].

In the prophylaxis of Lyme disease, the most commonly
used drugs were cefotaxime, ampicillin, doxycycline, and
penicillin [22, 33]. The results of a multicenter study in Ger-
many and Austria show that the local application of 10%
azithromycin at the site of a bite of an infected tick reduces
the occurrence of EM [44]. We consider that the recom-
mendation for local therapy is not justified because EM does
not occur in 20-30% of infected patients, and patients later
develop extracutaneous manifestations. It was previously
described in experimental studies that the damage to the
hematoencephalic barrier occurs as soon as 12 hours after
spirochete inoculation, which does not support the use of
local antibiotic therapy at the tick bite site [45].

In our study, we administered four groups of antibiotics
orally and benzathine benzylpenicillin once parenterally in
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order to prevent the disease after the tick bite. The results
of our study show that early antibiotic therapy after the
tick bite was very effective in the prevention of Lb. This
was documented by a statistically significant decrease in
the number of patients who received early antibiotic ther-
apy (1.7%) compared to the group that did not receive this
treatment (36.3%). Moreover, the symptoms and signs of
the disease were also significantly less pronounced in the
group with early antibiotic therapy compared to the group
without it. Extracutaneous manifestations as an indicator
of the severity of the clinical picture, in the group that
received early antibiotic therapy, were not present at all. In
contrast, in the group that did not receive early antibiotic
therapy, symptoms and signs were observed in cardiovas-
cular, nervous, and musculoskeletal systems.

The high incidence of early phase of Lb during the con-
ducted trial at the MMA Clinic for Infectious and Tropical
Diseases correlates with the highest number of Lb cases
reported in Serbia in the period from 1991 to 2000, which
totaled 4,768, and a high percentage of infected ticks [10,
20]. The aforementioned findings coincided with the great
migration of the population due to sanctions and wars
on the territory of former Yugoslavia. In addition, in our
patients we observed a greater number of symptoms and
signs than had been observed in other studies, as we fol-
lowed the patients for more than one year [10].

A study by Russian authors showed that the use of
doxycycline reduces the occurrence of the early phase of
Lb in patients with the infected tick bite, as 11 times more
patients were found in the group without prophylactic an-
tibiotic therapy [32].

Several studies showed, according to the results of the
meta analysis, that the disease did not develop in people
who received prophylaxis 72 hours after the tick bite, and
that the risk of developing the infection was 11 times low-
er in the group that received antibiotics (doxycycline or
amoxicillin), compared to the placebo group (0.2%:2.22%)
(14, 30].

The administration of a single dose of 200 mg doxycy-
cline after a tick bite showed that early antibiotic therapy
was very effective in reducing morbidity of the early phase
of Lb, as the disease developed in eight times fewer pa-
tients compared to those who did not receive antibiotics
(0.4%:3.2%) [9]. In this study, subjects were monitored for
six weeks and only EM was described, which is insufficient
to evaluate the efficacy of the drug, because symptoms
and signs of the disease can be subsequently exhibited up
to one year after the bite. EM does not occur in 20-40%
of patients with early phase of Lb. Following the publica-
tion of the results of this study, a single dose of 200 mg
doxycycline after the tick bite was recommended in certain
individuals within the given treatment criteria [33].

Contradictory opinions concerning the justification of
the application of antibiotics have existed since the discov-
ery of Lb and its treatment up to the present [11, 12, 31].
According to some authors, a small number of patients
after a tick bite (on average 1.1-3.4%) do not require the
use of prophylactic therapy [11, 12, 31, 39]. In hyperen-
demic areas in the United States, Lb was developed in 3%
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of patients with a tick bite without antibiotic therapy, so
the use of prophylaxis in less endemic areas would have an
even smaller effect [31]. In Europe, the tick infection rate
is lower than in the United States, the risk of developing
Lb is low (up to 4%), so prophylaxis is not recommended
after the bite [4, 31].

This study showed that the early antibiotic therapy was
extremely effective in preventing the disease compared to
the control group (1.7%:36.3%). Our study followed the
patients for 1-15 years, and therefore the percentage of
patients who were infected at the early stage of Lb without
early antibiotic therapy was greater [10]. Secondly, all five
antibiotic groups were found to be clinically highly effec-
tive. The best results were achieved with roxithromycin
(99.4%), followed by half-synthetic penicillins (98.4%),
benzathine benzylpenicillin (98.2%), and doxycycline
(97%), while cephalosporins (93.7%) showed the lowest
statistically significant efficacy. As far as the efficacy of
antibiotics and the duration of their use are concerned,
(single-dose parenterally, seven or 14 days orally), there
were no statistically significant differences.

Previously, the efficacy of short-term administration of
amoxicillin as prophylaxis was not known and, therefore,
was not recommended [33]. After a meta-analysis of four
studies, it was concluded that the 10-day administration
of amoxicillin may be as effective as 200 mg of doxycycline
[30]. Our results showed that amoxicillin was very effec-
tive, even when given for only seven days. In addition,
benzathine benzylpenicillin, not having been considered
so far, also showed good efficacy.

Our study showed that, out of the 13 antibiotics we
used, roxithromycin was the most effective one, but at the
same time it was, by far, the most expensive drug. In previ-
ous studies, it was the second-line treatment for the early
phase of Lb [33]. According to the principles of the World
Health Organization that in the case of equal efficacy and
good tolerance of more drugs, low-cost drugs should be
used for treatment, in the past years we have decided to
use ampicillin and doxycycline for a seven-day period. In
case of need, i.e. in allergic patients (whom we did not
register in our study), clarithromycin, azithromycin, (as
suggested by British National Formulary [38]) or roxithro-
mycin could be used.

In our study, we did not detect side effects of the ap-
plied drugs. There was no evidence of photosensitivity or
gastrointestinal disturbances in soldiers who were exposed
to the sun as part of their regular activities and diets that
were not fully aligned with their usual family eating habits.

CONCLUSION

Taking into account our extensive experience in this field
and results of the application of prophylactic therapies,
we join the authors who are in favor of early antibiotic
therapy after a tick bite. It is clinically justified, prevents
the development of extracutaneous manifestations of Lb,
is well tolerated, and the proposed antibiotics (doxycycline
and ampicillin) are inexpensive.
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YTULaj paHe npumeHe aHTUBMOTUKA Ha KNIMHUYKe MaHudecTauuje Kog obonenmnx

Yy paHoj ¢a3u najmcke bonectu

BecHa berosuh-KynpewwaruH, Munomup Munanosuh, JparaH Mukuh, CBetnana Monosuh, [lejaH Xpuctosuh, Pagmuna

Pajuh-Aumutpujesuh, TatjaHa Takuh-PapgosaHosuh

BojHomepuuUmMHCKa akapemuja, KnnHmka 3a nHdeKTIBHe 1 Tponcke 6onectwn, beorpag, Cpbuja

CAMXETAK

YBop/Lnm J1ajmcka 6openio3a (J1b) jecte MynTUCMCTEMCKO UH-
deKTUBHO 0borbere 13a3BaHoO cnivpoxeTom Borellia burgdorferi
(BB) n HacTaje y6ornom nHduympaHor Kpnermba. bonect ce nc-
nosbaBa pa3nnuuTo, a Hajuelehe cy 3axsaheHu Koxa, 3rnobo-
B, CPLIE N HEPBHW CUCTEM.

Linrb oBe cTyauje je 6ro fa ce Kog ocoba Koa Kojux je aujar-
HOCTMKOBaHa paHa ¢asa J1b yTBpAM fa nv NocToje 3HavajHe
pasnuKe y NcnosbaBakby CUMMNTOMa M 3HaKoBa 060sberba n3mehy
060nenux Koju Cy NPYMIIN 1 OHKX KOjU1 HUCY NPUMUI Npodu-
NaKTUYHY, paHy aHTOMOTCKY Tepanujy nocse ybopa Kpnesba.
Mertope VicnuTrBatbe je n3BplueHo Ha 2070 ncnutaHmnka oba
rnorna ca ybofoM Kpresba, IeYeHUX 1y npernegaHux y KnuHuum
y nepuogy 1989- 2004. roguHe. icnutaHuum cy noaesbeHun y
ae rpyne - rpyny A (n = 591), Koja je npumana paHy, npodpunax-
TUYHY @aHTMOMOTCKY Tepanujy, v rpyny b (n = 1479), koja Ty Tepa-
nujy HUje nprmana. PaHa aHTMGMOTCKa Tepanuja noapasymeBsa
NpYMeHy aHTMOKOTKa Kof 0coba ca HacTanioM UHPEKLIMjOM
BEpPOBAaTHO A0 NeT AaHa no yboay Kpnerba, a Koje HUCY nmane
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cMMMTOMe 1 3HaKe 6onectn. Of aHTMOMOTVKa Cy NpUMeHbMBaHN
LedanocnopuHKn, Makponuam, TeTPaLyKINHY, NONYCUHTETCKM
NeHVLUANHW, MOHaB/baHO CeflaM UM YeTPHAeCT AaHa, uan
6eH3aTnH 6€3MNNeHNLIVH je[HOKPaTHO.

PesynTaTm bonect ce pa3suna Kof CTaTUCTUYKU 3HauyajHO Beher
6poja ncnutaHuka 6e3 npodunakce (537/1479) Hero Kop OHMUX
Koju cy Ty Tepanujy npummnm (10/591), ogHocHo 36,3% : 1,7%.
lprmeHOM neT rpyna aHTM6MOTMKa 3aK/byYeHo je da cy 3a
ONTMManHy NPeBeHLjy [OBObHA CamMO ABa: JOKCULIMKIINH 1
amMNULMIVH Y Tpajatby of cefiam AaHa. [NpumerbeHn aHTMbu-
OTULM CY NCMOSbUNY BUCOKY KIMHUYKY ebrKacHOCT, Koja ce
KpeTana of 93,7% (uedanocnopuHn) fo 99,4% (Makponugu) n
61na He3aBMCHa Of JyXKUHE MPUMEHE.

3aksbyuak [IprmeHa paHe aHTUOMOTCKe Tepanyje nocre yooaa
Kpnesba je eprkacHa y npeBeHUMju paHe dase J1b, a Kaga je
6onecT 6vna NCnosbeHa, Huje buno ekcTpakyTaHUx MaHudec-
Taymja.

KmbyuHe peun: najmcka 6onect; Kpnesb; aHTMOMOTULY; MPO-
dwvnakca
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SUMMARY

Introduction/Objective Activation of insulin-like growth factor receptor (IGF-1R) results in cell transi-
tion from growth phase to synthesis phase of cell cycle. Breast cancer is categorized into prognostic and
therapeutic subtypes based upon hormone receptor, estrogen receptor (ER), and progesterone receptor
(PR) expression and human epidermal growth factor receptor 2 (HER-2) expression.

The objective of this study was to examine the expression of IGF-1R in a specific subtype invasive breast
cancer and its correlation with basic histopathological and immunohistochemical prognostic parameters.
Methods Formalin-fixed paraffin-embedded tumor samples were obtained from 129 female patients
with invasive breast cancer (I-1ll disease stage) with the follow-up ranging 36-108 months (average 48
months). For immunohistochemical staining, we used monoclonal antibodies for ER, PR, IGF-1R, and
polyclonal antibody for HER-2.

Results IGF-1R inversely correlated with tumor stage (p = 0.017), tumor grade (p = 0.001), HER-2
(p =0.003), whereas significant positive correlation was found with multifocality/multicentricity of breast
cancer (p=0.036), ER (p = 0.001) and PR (p = 0.0001) expression. Cox-regression analysis for relapse-free
survival (RFS) showed that disease stage (p = 0.039) and HER-2 (p = 0.033) were independent prognostic
factors. IGF-1R did not predict clinical outcome in patients with breast cancer (p = 0.488, Kaplan-Meier
test for RFS).

Conclusion Patients with low stage and grade hormone-dependent breast cancer had a significantly
higher IGF-1R expression than patients with triple negative or HER-2 overexpressed cancer. The present
findings also highlight that IGF-1R expression in multicentric/multifocal breast cancer supports the key
roles in tumor initiation.

Keywords: insulin-like growth factor 1 receptor (IGF-1R); hormone-dependent breast cancer; HER-2
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INTRODUCTION

Insulin receptor family represents an activator
of class II tyrosine kinase with three members:
insulin receptor (IR), insulin-like growth factor
receptor 1 (IGF-1R), and insulin-like growth
factor receptor 2 (IGF-2R). IR activation influ-
ences metabolic activity in vertebrates. IGF-1R
activating results in proliferation and differen-
tiation of cells. IGF-2R is structurally and func-
tionally different from the IR and IGF-1R, it
is a monomer without tyrosine kinase activ-
ity. IGF-1R is a dimmer made of a and p sub-
units and has the same structure as the IR with
which it builds hybrid receptors (IR/IGF-1R)
[1,2, 3]. IRs can be activated by insulin and two
insulin-like growth factors (IGFs): insulin-like
growth factor 1 (IGF1) and insulin-like growth
factor 2 (IGF2). Many cells have been identi-
fied as producing as well as responding to the
IGFs, including fibroblasts, chondrocytes, os-
teoblasts, granulosa cells, and epithelial breast
cells. In circulation, IGF1 and IGF2 are at-
tached to six insulin-growth binding proteins
(IGFBP 1-6) and protected from the action
of proteases (Figure 1). IGF-1R together with
the hormone receptors regulates the develop-

ment of the epithelium of the normal glan-
dular breast tissue [4, 5]. Breast cancers are
categorized into subtypes based on immuno-
histochemical hormone receptors expression
(ER and PR) and human epidermal growth
factor 2 (HER-2) expression. There are two
major groups: hormone-dependent/luminal
breast cancer involves luminal A (ER+, PR+,
HER-2/-, Ki67"") and luminal B (ER+, PR+/-,
HER-2+/-, Ki67""); hormone-independent/
basal-like breast cancer involves triple negative
(TNBC) breast cancer (ER-, PR-, HER-2-) and
HER-2 overexpressed (ER-, PR-, HER-2+). The
TNBC subtype does not express therapeutically
targetable ER, PR, or HER-2 receptors, mak-
ing the aggressive subtype difficult to treat [6].
Nowadays, IGF-1R makes an attractive target
for investigation for a different type of malig-
nancy and anticancer therapy. The prognostic
and predictive role of IGF-1R in breast cancer
is still unknown. The optimal cut-point and
standardized immunohistochemical expres-
sion of this receptor are subjects of discussion
[7]. A few studies have examined the relation-
ship of the IGF-1R expression according to the
hormone and HER-2 and resistance to anties-
trogen therapy [8, 9]. Some in vitro studies have
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Figure 1. The structure of insulins receptors and concentrations of
insulin-like growth factors (IGFs) in the blood; IGFs: insulin, insulin-
like growth factor 1 (IGF-1), and insulin-like growth factor 2 (IGF-2);
insulin-like growth factor-binding protein (IGPB); insulin receptor (IR);
insulin-like growth factor 1 receptor (IGF-1R); insulin-like growth factor
2 receptor (IGF-2R); extracellular subunit of IGF-1R and IR (subunit a);
intracellular subunit of IGF-1R and IR (subunit 8)

given promising results, supporting the rationale for dual
targeting of HER-2 and/or IGF-1R as an improved treat-
ment regimen for advanced therapy tailored to different
types of cancer [10].

METHODS
Patient selection

Biopsy specimens for 129 invasive breast cancer in stage
I-III diagnosed at the Department of Pathology of the
University Hospital Fo¢a (Republic of Srpska) from Janu-
ary 2008 to January 2013 were taken for the study. We
retrospectively analyzed the Clinical Centre medical data
collected from the Department of Surgery, Department
of Oncology, and records of family doctors. The prospec-
tive follow-up was 48 months (range 36-108) with last
data obtained in November 2016. Subjects did not receive
preoperative chemo-/radio- or hormone therapy. Mini-
mum resection margin distance of invasive cancer or in
situ component was 3 mm. Postoperative therapy for indi-
vidual subtypes of breast cancer was determined following
St Gallen consensus from 2008 [11]. The stage of breast
cancer was determined following American Joint Commit-
tee on Cancer classification from 2010. Histologic grade
of the tumor is determined by Elston-Ellis modification
of the Scarff-Bloom-Richardson grading systems [12].

Immunohistochemical staining methods

Formalin-fixed, paraffin-embedded tissue samples were
cut at 3-5 pm. Following standard procedure, they were
dried (30 minutes in the air), “baked” (60 minutes at 65°C)
in an oven, dewaxed in xylene (two changes of five min-
utes), underwent drop-down rehydration concentrations
of ethyl alcohol (100%, 96%, 70%, five minutes for each
change), and were rinsed in distilled water. Endogenous
peroxidase activity was blocked by 3% H,O, (10 minutes at
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ambient temperature), and the unmasking of antigens was
derived by heat treatment of tissue in a microwave oven.
Sections were incubated with primary antibodies: mouse
monoclonal anti-IGF-1R (clone 24-31 ab4065, dilution
1:50; Abcam, Cambridge, UK); mouse monoclonal anti-
ERa clone 1D5 (M7047, dilution 1:60; DAKO Corpora-
tion, Carpinteria, CA, USA); mouse monoclonal anti-PR
clone 636 (M3569, dilution 1:100; DAKO Corporation);
and polyclonal rabbit anti-HER-2 clone 340 (A0485, dilu-
tion 1:60; DAKO Corporation). After washing, primary
antibodies were treated with streptavidin peroxidase for
15 minutes. DAB chromogen was added in the final pro-
cedure step to visualize a positive. During a short incuba-
tion period (+ 51 minutes), a pre-formed complex was
able to develop a brown colour in the interaction with the
DAB chromogen. Following immunohistochemical stain-
ing (IHC) of the tissue sample, specimens were stained
with Mayer’s hematoxylin, dehydrated through a series
of ethyl alcohols up to absolute alcohol (70%, 90%, and
100%), washed in xylene and mounted in Biomont. The
IGF-1R protein was located at the plasma membrane (a
subunit) and the cytoplasm (p subunit). Placental tissue
was utilized as an adequate external control. Stainability
was estimated semiquantitatively based on Allred scor-
ing system. Summarizing of the percentage of positive tu-
mor cells (< 1% = 1; 1-10% = 2; 11-33% = 3; 33-66% = 4;
67-100% = 5) and staining intensity (1 = weak staining
can easily be observed at high-power field; 2 = moderate
staining can easily be seen under moderate power objec-
tive magnification; and 3 = strong staining can easily be
observed under low power objective magnification), the
expression was scored as follows: negative (0-2), low 1+
(3-4), moderate 2+ (5-6), and strong 3+ (7-8). Scores of 0
and 1 were considered to be a negative finding, and scores
of 2 and 3 a positive one. The same method was applied
to ER and PR scoring. Hormone receptor positivity is de-
fined as Allred score of > 2 [13, 14]. For the evaluation of
HER-2, only staining of the tumor cell membranes was
considered to be specific. Positive cases were defined as
IHC-3+ and THC-2+ FISH retested with amplification
ratio C > 2.0 [15].

Statistical analysis

The association between the intensity of expression with
tumor grade, lymph node status, and tumor size was stud-
ied with linear correlation method based on the Pearson
correlation coefficient (r). For relapse-free survival (RFS)
we used the Kaplan-Meier test, while the Cox propor-
tional hazard regression model was used for multivariate
analysis. Statistical analyses were performed using SPSS
17.0 (SPSS Inc., Chicago, IL, USA). Statistical significance
was established at the p < 0.05 level.

RESULTS

Characteristics (clinical and histopathological data) of 129
patients with breast cancer are shown in Table 1. One hundred
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Table 1. Clinical, histopathological, and immunohistochemical data
of 129 patients with breast cancer

Batini¢-Skipina D. et al.

Table 2. Multivariate Cox proportional hazards regression analysis for
RFS in breast cancer patients

*Immunohistochemical expression 0, 1, and 2 with FISH retested negative;
**immunohistochemical expression 3 and 2 with FISH retested positive
(amplification ratio C > 2.0)

seventeen patients (90.7%) were alive without evidenced
progression of the disease; 12 patients (9.3%) had a re-
lapse of the disease. Bone metastases were registered in
five (41.7%) patients, locoregional recurrence in two
(16.7%), and one patient (8.3%) had metastases in lungs,
liver, brain, remote lymph node and in two organ systems.

IGF-1R expression

Forty-seven of the 129 samples (37.2%) of breast can-
cer showed no or weak staining (scores of 0 and 1+), 41
(31.8%) moderate (score of 2+) and 42 (32.6%) strong im-

munohistochemical expression (score of 3+) (Figure 2).

‘ DOI: https://doi.org/10.2298/SARH1707071778B

Variable n (%) Variable B SE HR p-value 95% Cl
Median age (range) 59 (33-84) Disease stage | 4.8068 | 2.3302 | 122344 | 0.0391 | 1.3008-11506.4
Menopausal status L
ymph node | B
no 24 (18.6) stage (pN) 0.1966 | 0.3923 | 0.8216 | 0.16164 | 0.3823-1.765
yes 105 (81.4) HER-2 1.3284 | 0.6259 | 3.7748 | 0.00338 | 1.1140-12.7915
lT”mor stage 008 IGF-1R 02511 |0.2930 | 1.2854 | 0.3914 | 0.7260-2.2758
- B - beta coefficient; SE - standard error; HR - hazard ratio;
Il 56 (43.4) Cl - confidence interval; HER-2 — human epidermal growth factor receptor 2;
1] 63 (48.8) IGF-1R - insulin-like growth factor 1 receptor
Tumor type
Table 3. Correlation of insulin-like growth factor 1 receptor expression
ductal 71 (55) . -
and prognostic parameters in breast cancer
lobular 32 (24.8)
n=129 95% CI r p-value
other 26 (20.2) -
- Disease stage -0.3671t0-0.0372 | -0.2081 0.0175
Tumor size Ti i 0.17821t0 0.1661 0.006221 | 0.9440
<2cm 16(124) Lumo;SIzed t. (pN) .0319t0 0.162 .01564 (;075
2-5cm 75 (58.1) Tymp - de S _0‘492 to 0.189 _0'3501 0 (.)001
> 5 cm and inflammatory carcinoma 38 (29.5) umorgr'a 'e - = o= = :
. Lymphatic invasion (L1) | -0.249 to 0.092 -0.0812 0.3584
Lymph node metastasis - -
. Venous invasion (V1) -0.127 10 0.216 0.04615 0.602
node negative 40 G1) M | stat 0.211t0 0.132 0.04105 0.642
1-3 node positive 37(28.7) en?pausa s a. us - —~ 0% = -
229 32 (248 Multifocal/multicentric 0.011to 0.344 0.1832 0.036
- (24.8) cancer growth
>10 20(15.5) Age 0.166t00.178 | 0.006337 | 0.943
Postoperative therapy ER 0397 t0 0.645 05328 | 0.0001
tamoxifen 97 (75) PR 0331100598 | 04754 | 0.0001
chemotherapy 89 (69) HER-2 -0410t0-0.088 | -0.2567 | 0.003
chemotherapy + Herceptin 33(25.6) r - Pearson correlation coefficient; ER - estrogen receptor; PR — progesterone
radiotherapy 99 (76.8) receptor; HER-2 — human epidermal growth factor receptor 2
Estrogen receptor
0 32(24.8)
1 13 (10.1) Neither IGF-1R, ER, nor PR were significant predictors
5 16 (124 of RES (p = 0.48, p = 0.26, p = 0.28, respectively; Ka-
: plan-Meier test). We confirmed the prognostic value of
3 68 (52.7) .
o tumor stage, lymph node metastasis, and HER-2 expres-
OrogeSterone receptor " sion (Figure 3) Disease stage and HER-2 expression were
; 13 §10; of prognostic significance on relapse-free survival (RFS)
in the final Cox proportional hazard multivariate analysis
2 22(17.2)
(Table 2).
3 41(31.8)
HER-2 . .
) Correlation among expression of IGF-1R and ER,
negative case* 96 (74.4) PR d HER-2
positive case** 33(25.6) »an 3

IGF-1R was positively associated with ER (p = 0.001), PR
(p =0.001), and multifocality/multicentricity of breast can-
cer (p = 0.039). Inverse correlation existed between IGF-
1R and disease stage (p = 0.017), tumor grade (p = 0.0001),
and HER-2 (p = 0.003) expression. Other parameters did
not show statistically significant correlation with IGF-1R
(Table 3).

DISCUSSION

Up to now, the prognostic value of the IGF-1R expression
on disease outcome has been controversial, with studies
reporting both positive and negative findings [16, 17, 18].
In our study, IGF-1R expression did not independently
predict on relapse-free survival and clinical outcome. Con-
flicting results may arise from discordant methodological
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Figure 2. Immunohistochemical expression of insulin-like growth factor 1 receptor in breast cancer (formalin-fixed paraffin-embedded sections,
%x40); the expression was scored according to area and intensity of membranous or citoplasmatic staining: a) score 1+; b) score 2+; c) score 3+

b)

|mER-2
| positive

0k s —

o 10

Fallor up [Montha)

d)

Fallow up (months) Follow up | months)

Figure 3. Relapse-free survival analysis (Kaplan-Meier test) prognostic
value of a) insulin-like growth factor 1 receptor (IGF-1R), b) human
epidermal growth factor receptor 2, ¢) lymph node metastases, and
d) disease stage

approaches, distinct molecular subtypes studied, genetic
differences between different populations, and tumor het-
erogeneity. Our study demonstrated high expression (score
of 2+ or 3+) of IGF-1R in 64.4% of the samples. This is
in line with some other studies [19]. Up to 50% of breast
tumors express the activated form of IGF-1R. In our study,
IGF-1R was predominantly expressed in well-differentiat-
ed and hormone-dependent breast cancers. IGF-1R and
the ER are critical for mammary gland development. The
ER and the IGF pathway show dynamic and intricate in-
terference, resulting in bidirectional regulation of expres-
sion and activity. ER transcriptionally upregulates IGF-1R
expression. Positive correlation exists between cyclin D1
and ER expression, which has already been explained in
both experimental and clinical studies, because ER acts
as the main mitogen stimulator in breast cancer [20]. The
role of IGF-1R in mammary stem cell maintenance and
a necessity for lineage differentiation suggest that aber-
rantly expressed IGF-1R may be capable of enhancing cell
potential and changing cell fate in a tumor, perhaps even in
tumors composed of fully differentiated cells. As discussed
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above, the IGF-1R expression is essential for driving lu-
minal alveolar differentiation, linking IGF-1R to the lumi-
nal lineage [21, 22]. Furthermore, many studies indicate
a down-regulation of IGF-1R upon cancer progression,
whereas others report elevated levels in metastatic stages.
Once cancer has been confirmed, the importance of IGF-
IR for disease progression remains unclear. In our study,
IGF-1R was highly expressed in patients with early breast
cancer and overall positively associated with good prog-
nostic variables. We have indicated the decrease of IGF-1R
expression with disease progression. High-level IGF-1R
expression had low stage breast cancer with multiple/mul-
ticentric unilateral or bilateral growth. We emphasize that
IGF-1R could have effects in early phases of development
of luminal breast cancer. Numerous in vitro studies dem-
onstrate IGF-1R as a driver of self-renewal, stem cell sur-
face markers, migration, and invasion in both normal and
cancerous tissues and tumor initiation in hepatic, lung,
prostate, and breast cancers [23]. Approximately 40-60%
of ER-positive tumors express IGF-1R, while expression in
ER-negative tumors is only 10-20%. Considering the cor-
relation of IGF-1R with hormone-dependent tumor type
and early stage, we assume that ER/IGF-1R axis might rep-
resent a distinct proliferative pathway during breast cancer
development. Other studies report that IGF-1R is a recep-
tor expressed in the basaloid type breast cancer and has a
role in anti-HER-2 resistance (Herceptin) [24]. We found
a negative correlation between IGF-1R-overexpressed
and HER-2-positive breast cancer. In general, IGF-1R
correlates with good prognostic markers, such as ER and
PR-positivity and HER-2-negativity. However, the IGF-
1R expression has differential effects in different breast
cancer subtypes. For example, its expression has been
shown to be positively correlated with improved breast
cancer-specific survival among patients with ER-positive
tumors, while its expression was associated with an infe-
rior prognosis in patients with HER2-overexpressing or
triple-negative tumors. In models of breast cancer cells
that overexpress HER-2, anti-HER-2 activity is disrupted
by increased expression of IGF-1R. Nowadays, antibody-
based molecular therapies have been developed for HER-2.
IGF-1R can form heterodimers with the HER-2 tyrosine
kinase and contribute to the development of resistance to
HER-2 inhibition with the monoclonal antibody. An asso-
ciation between IGF-1R and HER-2 in IGF-1R-dependent
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tumor transformation has been reported in mammary
luminal epithelial cells, indicating that the IGF-1/HER-2
cross-talk may occur via autocrine and paracrine signal-
ing. A recent study concluded that neoadjuvant therapy
can induce changes in the IGF-1R expression. Therefore,
there are many studies with opposite results [25, 26]. It
is possible that IGF-1R expression is dependent not only
on the specific cell type and disease stage, but also it is
dependent on specific therapy and another factor. In some
other tumors, like lung cancer, the expression of IGF-1R
correlated with a less favorable outcome [27]. This indi-
cates that IGF-1R activities might be not only diverse but
also tissue-specific. To test this hypothesis, we evaluated
the protein expression of the most important components
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MpoueHa MMYHOXMCTOXEMMjCKE eKCpecuje peLentopa MHCYNUHY-CAUYHOT

¢dakropa pacta 1y KapuuHomy fojke

Hanvjena batuHuh-lWknnuHa', Pagmun Mapuh', Jbumbana Taguh-JlatuHosuh?, paxax Epuh', HeHag Jlanosuh!

'YHuBep3uTeTcka 6onHuLa Goua, Doua, Penybnmka Cpncka, bocHa 1 XepLeroBrHa;
2YHUBEP3WUTETCKN KNMHUYKY LieHTap Penybnvke Cpricke, barba Jlyka, Penybnuka Cpncka, bocHa n XepuerosrHa

CAMETAK

YBoga/Liwmb AKTrBaLja peLienTopa UHCYNHY-CIMYHOT daKTopa
pacta 1 (IGF-TR) n3asvBa nokpetame henvjckor yuknyca u3
daze pacta (G1) y da3y cuHTese (S). Obonenu oa KapunHomMa
[lojKe ce pene Ha cneurduyHe Tepanmjcke N NPOrHOCTAYKE
rpyne y 3aBMCHOCTU Of eKCrpecmje XOPMOHCKUX peLenTopa,
ectporeHux (ER) n nporectepoHckux (PR), n ekcnpecuje peen-
Topa XymaHor enugepmanHor daktopa pacta 2 (HER-2).

L pafa je oTkpuBatbe cteneHa ekcnipecuje IGF-1R y Tymop-
CKOM TKI/BY Kof ogpeheHnx Tepanujckux rpyna obonenux og,
KapLrHOMa [iojKe 1 HeroBa Kopenavuyja ca Baxxehum natoxmc-
TOJIOLUKVM 1 UMYHOXMNCTOXEMUjCKM MPOTrHOCTUYKUM Napa-
MeTpuMa.

MeTtopae VicTpaxuBatbe je cnpoBeAeHo Ha 129 yKanynsbeHux
y30paKa VHBa3MBHOT KapLiHOMa fi0jKe KOA XeHa (y cTagujymy
6onectu |-1ll) y3 noctonepatneHo npahere Toka 6onectn 48
(36-108) meceLu. 3a IMYHOXMCTOXEMMjCKO bojerbe KopulihieHa
Cy MOHOKJ/IOHCKa aHTuTeNa 3a Buyanusauujy: ER, PR, IGF-T1R n
NOSIMKSIOHANHO aHTMTeNo 3a HER-2.

Pesyntatm Excnpecuja IGF-1R je 6una y HeraTyBHOj Kopenavuji
ca ctagujymom 6onectu (p = 0,017), cteneHomM AndepeHToBa-
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HocTu Tymopa (p = 0,001) n ekcnpecunjom HER-2 (p = 0,003).
Mo3uTrBHa Kopenawuwja oBor peLientopa Hanasuna ce nsmehy
MyNTUGOKANHON/MYNTULEHTPUYHOT MaKPOCKOMCKOT HaurHa
pacTa KapuuHoma fojke (p = 0,036) n ekcnpecuje ER (p = 0,001)
1 PR (p = 0,0001). KokcoBa perpecroHa aHanm3a BpemeHa 6e3
nporpecuje 6onectu (RFS) nokasana je fa ctagujym 6one-
ctn (p = 0,039) n HER-2 (p = 0,033) npeacTaB/bajy He3aBUCHe
NporHocTnyKe Bapujabne. Ekcnpecuja IGF-1R Huje umana yTuuaj
Ha KNHWYKM TOK 60necT Kof ocoba ca pakom aojke (p = 0,488,
KannaH-Majep TecT 3a RFS).

3aKrpyyak bonecHuLM onepucaHmn y NoYeTHOM CTagujymy 60o-
NecTU ca AnjarHoCTKOBaHUM A06PO AndepeHTOBaHUM, XOp-
MOHCKV 3aBMCHIM pakoMm AojKke umajy sehy IGF-1R ekcnpecujy
Y OAHOCY Ha 60ONECHNKe ca TPOCTPYKO HeraTUBHUM 1 HER-2 am-
nnudmKoBaHUM TyMmoprMa Aojke. MosehaHa IGF-1R ekcnpecja
Kof, KapLHoMa ca MynTUdOKanHUM/MynTULEHTPUYHNM MaK-
POCKOMCKMM HauMHOM pacTa yKa3yje Ha 3HayajHy ynory oBor
peuenTopa y ¢pa3u HacTaHKa Tymopa.

KmbyuHe peum: peLientop MHCYNMHY-CIMYHOT paKkTopa pacTa
1 (IGF-1R); XOpPMOHCKM 3aBUCHU paK Aojke; HER-2
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Pharmacological correction of retinal ischemia/
reperfusion by minoxidil

Anna A. Peresypkina, Victoria O. Gubareva, Elena A. Levkova, Anna S. Shabelnikova, Mikhail V. Pokrovskii
Belgorod State University, Belgorod, Russia

SUMMARY

Introduction/Objective The objective of this paper was to increase the effectiveness of pharmacological
_ CE correction of retinal ischemia-reperfusion by using minoxidil.

NRAE LD Methods The research was carried out on 180 Wistar rats. A modification of the retinal ischemia-reperfu-
sion model was used, in which an increase in intraocular pressure is carried out by mechanical pressure
(110 mmHg) to the front chamber of the eye for 30 minutes. Protective effects of minoxidil at a dose 0.5
mg/kg on the model of retinal ischemia-reperfusion were estimated by the changes in the level of retinal
microcirculation (laser Doppler flowmetry), electroretinogram amplitude, morphometry of retinal layers
after 1 hour and 72 hours of reperfusion.

Results Minoxidil at a dose 0.5 mg/kg of rat mass improves retinal microcirculation, its electrophysi-
ological state after 1 hour and 72 hours of reperfusion, and prevents the development of degenerative
changes in the retina caused by ischemic damage to a greater extent than recombinant erythropoietin
at a dose of 50 IU/kg and sildenafil at a dose of 0.5 mg/kg in monotherapy. The protective effects of
minoxidil were eliminated by the preliminary administration of glibenclamide at a dose of 5 mg/kg,
which indicates the presence of the preconditioning effect of minoxidil, realized through adenosine
triphosphate-dependent potassium channels.

Conclusion Minoxidil at a dose of 0.5 mg/kg of rat mass protects the retina from ischemic-reperfusion
injury. Protective effects of minoxidil are carried out by a preconditioning action, as evidenced by the
lack of positive effects with the administration of glibenclamide.

Keywords: ischemia-reperfusion; retina; minoxidil; erythropoietin; sildenafil; ATP-dependent potassium
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INTRODUCTION

Local circulatory disorders in the branches
of retinal artery are observed in diabetic reti-
nopathy, hypertensive retinopathy, degenera-
tive diseases of the retina, optic nerve atrophy
vascular origin, traumatic eye injury, ischemic
neuropathy [1, 2, 3].

Studying the way of how to improve tissue
tolerance to ischemia is an actual problem of
modern experimental and clinical pharmacolo-
gy. Up to now, the treatment of ischemic retinal
conditions was done by use of angioprotectors,
antioxidants, fibrinolytics, anticoagulants and
others. As the authors note, due to the insta-
bility and short-term effects after using these
drugs in combination with other drugs and
physiotherapy treatments is necessary to seek
out a more effective way to improve blood cir-
culation and increase resistance to ischemic
retinal tissue having a specific orientation [4].

Thus, an important task is to find new, spe-
cific and highly effective means for correcting
of retinal ischemia.

Therefore, the objective of the study is to
increase the effectiveness of pharmacological
correction of retinal ischemia-reperfusion by
using minoxidil.

METHODS

Experiments were carried out on 180 Wistar
rats weighing 250 + 25 g. For the study, the rats
were taken with no external signs of disease,
passed quarantine regime.

Ethical principles of handling laboratory
animals were observed in accordance with the
European Convention for the Protection of
Vertebral Animals Used for Experimental and
Other Scientific Purposes, CETS No. 123.

Minoxidil, 0.5 mg/kg, was administered
intragastrically (i/g) once 1 hour before isch-
emia-reperfusion modeling.

Recombinant erythropoietin (EPO) was
administered intraperitoneally (i/p) once at a
dose of 50 IU/kg 30 minutes before pathology
modeling for the purpose of preconditioning
as a reference drug [5].

Animals received i/p injection of sildenafil
at a dose of 0.5 mg/kg once 30 minutes before
pathology modeling.

Glibenclamide was administered at a dose
of 5 mg/kg i/g once 1 hour before ischemia-
reperfusion modeling.

Ischemia-reperfusion injury of the retina was
simulated under anesthesia (chloral hydrate, 300
mg/kg of animal body weight, i.p.) by applying
mechanical pressure (110 mmHg) to the ante-
rior eye chamber for 30 minutes [4].
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The experiment included two series of animals (with an
assessment of the parameters after 1 hour and 72 hours of re-
perfusion), nine groups in each series, 10 rats in each group.

The measuring of the level of retinal microcirculation
of rats was carried out by laser Doppler flowmetry (LDF)
after 1 hour and 72 hours of reperfusion [6]. Registration
was carried out by MP150 data acquisition and analysis
systems and the TSD144 needle-type sensor, with Ac-
qKnowledge 4.2 software (BIOPAC Systems, Inc., Goleta,
CA, USA). After animal anesthesia, assessment of mi-
crocirculation level was carried out at 10 points on the
circumference of the eyeball; the recording duration of
the microcirculation level readings at one point was 20
seconds. From the microcirculation level results at every
point, the average value was calculated, which was taken as
the indicator of the microcirculation level in the retina of
the experimental animal. The value of microcirculation in
the animal group was calculated as the average of the val-
ues obtained from each experimental animal in the group.

To perform electroretinography (ERG), after 1 hour and
72 hours of reperfusion, rats were kept in the dark for 30
minutes, then, anesthetized (chloral hydrate, 300 mg/kg,
i/p), and fixed on the table isolated from electromagnetic
radiation [7]. Strobe flash of white light that was connect-
ed to the STM200 stimulator (Biopac Systems, Inc.) and
placed behind the animal; ERG registration was carried
out in response to a single stimulation. Evoked biopo-
tentials were run at a frequency of 1-1000 Hz, amplified,
averaged, and presented graphically on the screen using
the MP150 data acquisition and analysis system and the
aforementioned software. The ERG recording was carried
out for 0.5 seconds in each rat in the groups. To assess the
degree of retinal ischemia, the ratio of the amplitudes of
the a- and b-waves of ERG, the coefficient b/a was evalu-
ated [7]. From 10 values received, the mean was derived
for each group, which was introduced into the protocol.

After the LDF and ERG, eyes with surrounding tissues
were subjected to enucleation in both series of experi-
ments. Eyes with immediately adjacent tissues were fixed
in 10% formalin solution for histological research. After
tixation, the eyes were cut into two parts in the meridian
direction strictly through the center, and both halves were
poured into paraffin according to the standard procedure.
Sections for the standard histological examination were
stained with hematoxylin-eosin. A descriptive study of his-
tological preparations was performed under a Axio Scope
A1 microscope (Carl Zeiss Microscopy GMbH, Jena, Ger-
many). The morphometric studies were performed on the
Mikmed-5 microscope with the use of the Micro-Analysis
View software (LOMO, JSC, Saint Petersburg, Russia) [8].

RESULTS

After the pathology modeling after 1 hour and 72 hours of
reperfusion, microcirculation was measured in the retina by
LDE electrophysiological condition of the retina was deter-
mined by ERG, the extirpation of animals and enucleation
of the eyes for morphological studies was carried out.
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After the pathology modeling, microcirculation level
measurement was performed after 1 hour and 72 hours
of reperfusion by LDF. The results obtained after 1 hour
of reperfusion are presented in Table 1.

Table 1. The level of retinal microcirculation after 1 h and 72 hour of
reperfusion (M £ m), perfusion units

Level of Level of
microcirculation microcirculation
No. | Experimental groups | after 1 hour of after 72 hours of
reperfusion, reperfusion, PU
PU (n=10) (n=10)
1 |Intact 7389 +37.6 7439 +5.0
2 | Control (ischemia) 1,155.0 + 51.9*% 3533+ 11.7*
3 Control + MIN 751.3+21.8y 7395+ 14.1y
4 | Control + EPO 7985+ 123y 7240+ 4.1y
5 Control + SIL 832.3+£20.1y 7115+ 153y
6 Control + Glib 1,135.8 + 31.2* 359.4+£10.3*
7 Control + MIN + Glib 1,149.8 + 18.6* 361.1 £10.9*
8 Control + EPO + Glib 1,148.3 + 15.3* 3723+ 13.4*
9 Control + SIL + Glib 1,151.2 + 31.9*% 3603+ 12.1*

Glib - glibenclamide; SIL - sildenafil; PU - perfusion units; MIN — minoxidil;
EPO - recombinant erythropoietin;

*p < 0.05 compared to intact rats;

yp < 0.05 compared to the control group

The level of microcirculation after ischemia modeling
in the control group reached 1,155.0 + 51.9 PU after 1 hour
of reperfusion, which was significantly higher than the
value in the group of intact animals (p < 0.05).

With the correction of pathology by minoxidil (MIN),
microcirculation level in the retina after 1 hour of reperfu-
sion decreased to 751.3 + 21.8 PU, which was significantly
different from the control group (p < 0.05).

With the correction of pathology by EPO, microcircula-
tion level in the group was reduced to 798.5 + 12.3 PU and
was significantly different from the values in the control
group (p < 0.05).

Introduction of glibenclamide, a blocker of adenos-
ine triphosphate-sensitive (ATP-sensitive) potassium
channels, prevented the reduction of microcirculation
in groups with correction by MIN, EPO, sildenafil (SIL);
this confirms the preconditioning action of these drugs in
studied doses on retinal ischemia-reperfusion model on
rats after 1 hour of reperfusion.

The level of microcirculation after the pathology mod-
eling in the control group after 72 hours of reperfusion
was 353.3 + 11.7 PU, which was significantly lower than
in the group of intact animals (p < 0.05). In the group with
the correction by MIN, this rate increased to 739.5 + 14.1
PU (p < 0.05), which was significantly different from the
values in the control group.

Correction of the modeled pathology by EPO led to an
increase of microcirculation level in the group to 724.0 +
4.1 PU, which was significantly different from the values
in the control group (p < 0.05).

Introduction of glibenclamide in groups with MIN-cor-
rection, EPO-correction, and SIL-correction prevented the
improvement of the microcirculation level after 72 hours
of reperfusion.
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After the pathology modeling and measuring of micro-
circulation level in the retina, ERG on evoked potential
was performed. The results obtained after 1 hour and 72
hours of reperfusion are shown in Table 2.

Table 2. Results of evaluation of electrophysiological retinal function
after 1 hour and 72 hours of reperfusion (M £ m)

Ratio b/a after Ratio b/a after

. 1 hour of 72 hours of

No. | Experimental groups X .
reperfusion reperfusion

(n=10) (n=10)
1 |Intact 2.6 £0.09y 2.5+0.10y
2 | Control (ischemia) 2.0 +£0.09* 1.2 £ 0.04*
3 | Control + MIN 2.5+ 0.06y 2.4+0.09y
4 | Control + EPO 2.5+0.10y 2.3 +0.06y
5 | Control + SIL 2.4 +0.09%y 2.3 +0.09y
6 | Control + Glib 2.0+0.08* 1.3 +0.04*
7 | Control + MIN + Glib 2.1 +0.09* 1.3 +0.06*
8 | Control + EPO + Glib 2.1 +0.09* 1.2 +0.07*
9 | Control + SIL + Glib 2.0+0.08* 1.2 +0.08*

MIN - minoxidil; EPO - recombinant erythropoietin; Glib - glibenclamide;
SIL - sildenafil;
*p< 0.05 compared to intact rats; yp < 0.05 compared to the control group

The b/a ratio in the control group was 2.0 + 0.09 after 1
hour of reperfusion, which was significantly different from
the values in the group of intact animals (p < 0.05). In the
group of animals with the correction by MIN, the b/a ratio
was 2.5 +0.06 after 1 hour of reperfusion, which was signifi-
cantly different from the group’s ratio with retinal ischemia
and approached the values in the group of intact animals
(p < 0.05). An increase of this indicator in the group with
the correction by EPO to 2.5 + 0.10, by SIL up to 2.4 + 0.09
after 1 hour of reperfusion, confirms the saving of retinal
electrophysiological function after the pathology modeling.

The b/a coefficient in the control group after 72 hours
of reperfusion was 1.2 + 0.04, which was significantly
different from that of the group of intact animals. In the
group of animals with the correction by MIN, the b/a ra-
tio was 2.4 + 0.09, which was significantly different from
that of the group with retinal ischemia (p < 0.05) and ap-
proached the values in the group of intact animals. The
increase of this indicator in the group with the correction
by EPO to 2.3 £ 0.06, SIL up to 2.3 + 0.09 confirms the
maintaining of electrophysiological retinal function after
the pathology modeling.
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Introduction of glibenclamide in groups with correc-
tions by MIN, EPO, and SIL in monotherapy decreased the
b/a ratio to values significantly different from the group of
intact rats, indicating the blockade of the ATP-dependent
potassium channels.

A decrease in the b/a ratio in animals with ischemia
(control) due to inhibition of the positive b-wave of ERG
indicates a violation of electrophysiological function of
bipolar and Muller cells with the possible contribution of
the horizontal and amacrine cells. Saving the electrophysi-
ological function of the photoreceptor layer is confirmed
by the absence of changes in the negative a-wave.

During the morphometric analysis of the thickness of
the inner nuclear layer and a layer of photoreceptors, the
increase of thickness of the inner nuclear layer was deter-
mined to amount to 25.9 £ 0.6 pm in the control group after
1 hour of reperfusion, which is significantly different from
the values in the group of intact rats (p < 0.05) (Table 3).

In groups with the MIN-correction, the thickness of
the inner nuclear layer was 23.7 + 0.6 um after 1 hour of
reperfusion, which differs significantly from the values of
the control group (p < 0.05). Prior administration of EPO
reduced the thickness of the inner nuclear layer to 23.8 +
0.6 um, which was significantly different from the control
group and approached the values in the group of intact
animals (p < 0.05). In groups with the SIL-correction, the
thickness of the inner nuclear layer was 24.0 + 0.7 um after
1 hour of reperfusion, which also differs significantly from
the values of the control group (p < 0.05).

Prior administration of glibenclamide in groups with
the MIN-correction, EPO-correction, and SIL-correction,
after 1 hour of reperfusion, led to an increase of the thick-
ness of the inner nuclear layer - group values were 25.7
£ 0.6 um, 25.3 + 0.4 pm, and 25.7 £ 0.5 um, respectively.

The inner nuclear layer thickness was 20.3 + 0.8 pm
after 72 hours in the control group, which is significantly
different from the group of intact animals (p < 0.05). In
the group of animals with MIN and EPO, the inner nuclear
layer thickness after 72 hours of reperfusion was 23.5 + 0.5
pum and 23.3 £ 0.7 um, respectively, which is significantly
different from the values of the group with ischemia. In
the group with SIL, the inner nuclear layer thickness was
22.7 + 0.6 um, which also differed significantly from the
values of the control group (p < 0.05).

Table 3. Morphometric values of retinal layers of experimental animals after 1 hour and 72 hours of reperfusion (M £ m)

1 hour of reperfusion (n = 10) 72 hours of reperfusion (n = 10)
No. | Experimental groups | Thickness of the inner Thickness of the Thickness of the inner Thickness of the
nuclear layer [um] photoreceptor layer [um] nuclear layer [um] photoreceptor layer [um]
1 Intact 23.5+0.8y 384+08 23.8+ 1.0y 38.1+1.2
2 Control (ischemia) 259+ 0.6* 39.1+0.7 20.3 +£0.8* 36.9+0.9
3 Control + MIN 23.7 £ 0.6y 38409 23.5+0.5y 37.9+0.9
4 Control + EPO 23.8 £ 0.6y 38.6+09 233 0.7y 380+1.0
5 Control + SIL 24.0+0.7y 39.1+0.6 22.7 £ 0.6y 373+0.7
6 Control + Glib 25.8 +0.6* 39.2+06 20.6 + 0.6 36.9+0.9
7 Control + MIN + Glib 25.7 £ 0.6* 39.0+0.5 20.3 £ 0.5* 372+1.0
8 Control + EPO + Glib 25.3+0.4* 38.6+0.6 20.5+0.5* 376x1.1
9 Control + SIL + Glib 25.7 +0.5% 39.0+0.7 20.5 + 0.8 380+1.2

MIN - minoxidil; EPO - recombinant erythropoietin; Glib - glibenclamide; SIL - sildenafil;

*p < 0.05 compared to intact rats; yp < 0.05 compared to the control group
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DISCUSSION

The search of new methods of retinoprotection for possible
reduction of the damaging effect of ischemia, formed in
various systemic diseases, is an urgent task of pharmacol-
ogy and ophthalmology. Segment of drugs for the treatment
of vascular diseases of the eye such as complication from
hypertension, diabetes, and others, would be expedient to
expand due to an increase in morbidity and lack of funds
for targeted correction of ischemic lesions of the eye vessels.

Based on the fact that electrophysiological studies often
have a decisive importance in the early and differential
diagnosis of retinal disorders, to study the correction of
functional changes in the retina, researcher must conduct
a comprehensive analysis, including electroretinography
and microcirculation research [9]. Analysis of the dynam-
ics of retinal electrogenesis allows to evaluate the nature
and topography of retinal disorders and to identify the
most labile hypoxic retinal structure, as well as their reac-
tion to the correction by the medications.

The most pronounced retinal protective action was ob-
served in groups with pharmacological preconditioning
by minoxidil at a dose of 0.5 mg/kg after 1 hour and 72
hours of reperfusion.

A single i/g injection of minoxidil at a dose of 0.5
mg/kg, 60 minutes before modeling of retinal ischemia-
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reperfusion, significantly reduced the level of retinal
microcirculation after 1 hour of reperfusion, and saved
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kg eliminated the positive effects of minoxidil, erythropoi-
etin, and sildenafil, which confirms the implementation of
retinal protection by preconditioning with the participa-
tion of ATP-dependent potassium channels.

CONCLUSION

Minoxidil at a dose of 0.5 mg/kg protects the retina from
ischemic-reperfusion injury better than recombinant
erythropoietin at a dose of 50 IU/kg and sildenafil at a
dose of 0.5 mg/kg in monotherapy.
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effects with administration of glibenclamide.
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dapmaKonowKa KopeKuuja peTuHanHe ucxemuje/penepdysuje MMHOKCUAANOM

AHa A. MepecnnkuHa, Brktopuja O. [y6apeBa, JeneHa A. JleBkoBa, AHa C. LLlaberbHrkoBa, Mixann B. [ToKpoBcKyj

benropoacku gpxasHu yHuBep3uteT, benropog, Pycuja

CAMETAK

YBoa/Lum Lnmb cTyauje jecte ga ce nobosblua edprkacHOCT
dapmakonoLiKke KopeKLmje ncxemmje-penepdysuje Mpexraue
MUHOKCUZUIOM.

Metopge VicTpaxuBatbe je cnposefeHo Ha 180 nayosa BpcTe
BucTap. KopuwheHa je MoandrKkaLlumja mogena ncxemuje-pe-
nepdysuje, npu yemy ce noehare MHTPAOKyNapHOT NPUTHC-
Ka BPLUMIO MeXaHNYKMM NpuTuckom (110 mmHg) Ha npegmby
KoMopy oKa y Tpajary of 30 M1HYyTa. 3aWTUTHN edeKTn MU-
Hokcuauna y gosu og 0,5 mg/kg npoLereHe Cy Ha OCHOBY MPO-
MeHa MUKpOLMpPKyaLuje Mpextbade (nacepcka gonnep-¢epno-
yMeTpuja), amnanTyae enekTpopeTrHorpama, MmopdomeTpuje
CllojeBa MpexHbaye nocse jefHor 1 72 caTa of penepdysuje.
Pe3syntatm MuHokcugun y go3m og 0,5 mg/kg mace nauosa
nobosbliaBa MUKPOLIMPKYaLMjy MpeXrbaye, heHOo eneKkTpo-
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du3nonoLKo cTare nocne jegHor 1 72 cata penepdysuje n
CrpeyaBa pa3Boj ereHepaTUBHNX MPOMEHa CJI0jeBa MpeXHbaue
113a3BaHUX VICXEMVIjOM BULLE HEFO MOHOTEPanuja peKOMOVHaHT-
HVIM epuTPOMoeTUHOM y f03u of 50 [U/kg n cunpeHadunom y
no3u op 0,5 mg/kg. 3aWITUTHO AejCTBO MUHOKCUAWIIA eNUMU-
HYLWe ce faBakbeM rubeHknammaa y aosu og 5 mg/kg, wro
[OKa3yje NPeKOHANLIMOHMPaHN edeKaT Koj MUHOKCUANNA, KOjU
je octBapeH Kpo3 ATl-3aBMCHe KanvjymoBe KaHane.
3akmbyuum MuHokcnaun y go3u og 0,5 mg/kg Wit MpexxHady
o ncxemuje / penepdysnoHe nospege. 3aWTUTHN edekat M-
HOKCMAWNa Ce peanusyje NoCpenCcTBOM NPEKOHANLMOHMPAtba,
LITO AOKa3yje HefocTaTak MO3UTUBHUX edeKaTa Ha NPUMeHY
rnubeHKnamuaa.

KrmbyuHe peun: ncxemmja-penepdysuja; peTuHa; MUHOKCUAW;
epuUTPONoeTnH; cungeHadun; ATrN-3aBUCHM KaHanu Kanujyma
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SUMMARY

Introduction/Objective The objectives of the paper are to assess the causes of low vision (LV) in pediatric
population in Montenegro and to evaluate the influence of low vision aids (LVA) on reading performance
regarding the speed of reading and the understanding of the read text.

Methods A prospective study was conducted on 40 “treatable” LV children what represent all registered
LV children in Montenegro. All participants read the same text before and after using LVA. Reading rate
was calculated as the number of words read per minute. Functional speed of reading was calculated as
the ratio of the rate of reading and the understanding of the read text multiplied by 100.

Results The study comprised 40 LV children with the mean age of 12.60 + 4.06 years (20 boys and 20
girls). The most common cause of LV in children were premature retinopathy (10/40 or 25%), retinitis
pigmentosa (8/40 or 20%), optic nerve anomaly (5/40 or 13%), degenerative myopia (4/40 or 10%),
macular dysgenesis (4/40 or 10%), Stargardt disease (3/40 or 7%), optic nerve atrophy (2/40 or 5%), and
albinism (2/40 or 5%). Nystagmus was found in 11 LV children or 28% of the group. LVA were prescribed
to all of them. Reading speed before vs. after LVA use was 36.58 + 35.60 vs. 73.83 + 27.05 words/minute
(p < 0.001), while functional reading was 26.00 + 30.43 vs. 59.41 + 29.34 (p < 0.001).

Conclusion LV children demonstrate a significant improvement in reading performance by using LVA.
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INTRODUCTION

According to the International Classification of
Diseases 10, there are four levels of visual func-
tion: normal vision, moderate visual impair-
ment (VI), severe VI, and blindness [1]. Mod-
erate and severe VI are grouped under the term
“low vision” (LV). “Functional” LV is defined as
presenting best-corrected visual acuity (BCVA)
in the better-seeing eye of less than 0.3 and
more than 0.05 according to the World Health
Organization (WHO) criteria, VA < 0.3 and VA
> 0.05 (or according to the United States (US)
criteria VA < 0.5 and VA > 0.1) and as blind-
ness (WHO criteria VA < 0.05; US criteria VA
<0.1) [1]. LV cannot be improved or corrected
with medical treatment, surgery, nor with con-
ventional glasses or with contact lenses. Unlike
total blindness, most individuals with LV have
some degree of useful, residual sight even when
vision loss is significant. The WHO estimated
that 19 million children worldwide are visually
impaired; of these, 1.4 million are irreversibly
blind [2]. The International Classification of
Functioning, Disability and Health adopted by
the WHO can be used as a framework to com-
prehensively describe the problems of persons
with VI and the environmental factors which
influence their lives [3]. Surely, LV significant-

ly interferes with the functioning of a person.
Common subjective complains of LV persons
include the loss of central and/or peripheral vi-
sion, constricted visual filed, abnormal color
perception, generalized haze, blurred vision,
extreme light sensitivity, and night blindness.
LV patients represent unique challenge in oph-
thalmic and optometric care.

Very few LV clinics are available even in the
most developed of countries. The Low Vision
Service for pediatric patients at the Clinical
Center of Podgorica, Montenegro (a referral
tertiary health care center in Montenegro) has
been established in 2013. The Service is a pio-
neer of LV service in the region, covering all
the needs of LV children, including education,
training, and sight rehabilitation. A team of
trained specialists with comprehensive, multi-
disciplinary approach to LV children has the
purpose to help them maximize the remaining
functional vision and maintain their indepen-
dence in daily living. Podgorica pediatric LV
service meets the WHO recommendation for
establishing LV centers to fight avoidable child-
hood blindness. Namely, since 2004, the WHO
in partnership with Lions Clubs International
has established a global network of 45 child-
hood blindness centers in 35 countries for the
preservation, restoration, or rehabilitation of
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sight in children [2]. The LV center in Podgorica is excep-
tional since all registered LV children have the use of LV
aids (LVA) at no cost to them.

According to the available data, there are approximate-
ly 1,000 blind and visually impaired persons of all ages
registered in Montenegro. The exact number of blind LV
children is unknown. There is no precise national regis-
ter on the prevalence of childhood VI, but, according to
available sources (referral associations, primary health care
registers, etc.), it has been estimated that there are 200
VI children and 50-60 LV children in Montenegro at this
moment. The assessment of the causes of VI is impor-
tant to develop preventive and therapeutic strategies. The
standardized protocol for reporting causes of blindness in
children, with coding instructions and a database for sta-
tistical analysis developed by the International Centre for
Eye Health, the WHO Collaborating Centre for Blindness
Prevention, and the WHO, also serves as a mechanism
to monitor changing pattern of childhood blindness [4].

The objectives of this paper are to assess the causes of
LV in pediatric population in Montenegro and to evalu-
ate the influence of using LV aids in reading performance
regarding the speed of reading and the understanding of
the read text.

METHODS

A prospective study was conducted on 40 “treatable”
LV children, who represent all registered LV children in
Montenegro. Including criteria were the BCVA ranging
0.05-0.3 in the better-seeing eye and age less than 17 years.
The term ‘treatable LV person’ represents a person who has
demonstrated an improvement in reading or in distance
vision using LVA. Children were recruited from registers
of Association of Blind and LV Persons (one association
with eight local branches), followed by two schools for
special education of blind and LV children (in Podgorica
and Bijela) and primary eye care registers from all over
the country. All amblyopic children (215 of them) under-
went complete ophthalmological examination. In total, 40
children met the criteria of a ‘treatable LV person’ The
study was performed in accordance with the tenets of the
Declaration of Helsinki and approved by the Institutional
Review Board (decision number 03/01-12238/2). Written
informed consent was obtained from all parents.

All the participants read the same text before and after
using LVA. The words were printed in seven lines with
1.5-line spacing (0.8 cm), with black letters on white
background to enhance contrast; the font used was Times
New Roman, the letter size was N12. Reading rate was
calculated as the number of read words per minute. Un-
derstanding of the read text was measured by a multiple-
choice test with 20 questions related to the text. Scores
were rated from 0 to 20 and presented as a percentage (for
example, if an LV child had 12 correct answer, the score
of understanding was 60%). Functional speed of reading
was calculated as the ratio of the rate of reading and the
understanding of the read text multiplied by 100.
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Statistical analysis

All parameters were expressed as mean * standard de-
viation (SD). Differences between pre- and post-LVA use
were evaluated by the Wilcoxon signed-ranks test. The
level of statistical significance was set at 0.05. All statistical
analyses were performed using the IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Forty LV children with the mean age of 12.60 + 4.06 years
(20 boys and 20 girls) underwent complete ophthalmologi-
cal examination and socio-epidemiological assessment.
The mean age of the girls was 10.95 + 4.16 years, while
that of the boys was 14.25 + 3.28 years. All the LV children
lived in families with both biological parents.

Regarding the educational profile of fathers of the LV
children, 20 of them had completed primary school (50%),
19 had secondary degree (47.5%), and one (2.5%) had ob-
tained higher education. Among mothers, none had fin-
ished higher education, 19 mothers had secondary school
finished (47.5%), and 21 had completed primary school.

In the group of children with retinal dystrophy, eight
children (20%) had retinopathy pigmentosa, in three cases
(7%) was diagnosed Stargardt macular dystrophy. Develop-
ment anomalies of the optic nerve had four children with
optic hypoplasia and one with congenital coloboma of the
optic disc. Associated macular and optic nerve anomalies
were found in two cases, while four children had isolated
macular hypoplasia. Causes of LV were presented in Table 1.

Table 1. Causes of low vision in children

Clinical finding Number of patients %
Retinal dystrophy 1 27
Premature retinopathy 10 25
Macular dysgenesis 4 10
Optic nerve anomaly 5 13
Asspciated macular'and 5 5
optic nerve anomalies

Central nervous tumor 2 5
Degenerative myopia 4 10
Albinism 2 5
Total 40 100

Optic atrophy in two cases was a consequence of in-
tracranial tumor, but it was also found in two premature
children and in one with albinism. Nystagmus was found
in 11 cases (nine horizontal, one rotatory, and one verti-
cal). Macular scars were diagnosed in two highly myopic
cases and in three children with retinitis pigmentosa. Four
children had esotropia, while two had exotropia.

BCVA concerning the better seeing eye was hand moving
in eight children (20% of all); in 12 children (30% of all) the
score was 0.1 while 20 children (50% of all) had a score of
0.2-0.4. In three children, fellow eye was blind, 16 children
(40% of all) had BCVA described as hand movement only,
while 21 children had less than 0.2 according to Snellen chart.
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Regarding the refractive error, 27/40 children had myo-
pia, 3/40 (7.5% of all) had hyperopia, 2/40 (5% of all) had
astigmatism, while eight children had no possibility of be-
ing optically corrected.

All the children accepted LVA for reading distance. In
Table 2 are listed devices which they had used.

Table 2. List of low vision aids for reading prescribed to low vision
children

Low vision aid Number of children %
Electronic magnifier 17 42
Ready fit prism 21 53
Telescope 2 5
Total 40 100

The speed of reading and understanding of content was
measured before and one month after using of LVA for
reading. The results are presented in Table 3. As it has
been shown, speed and functional speed of reading has
been significantly improved.

Table 3. Speed of reading and functional reading results in low vision
children before and after using low vision aids

Before After
Tested parameter | X + sd med. X + sd med. p

(min.—-max.) (min.—-max.)

36.58 + 35.60 73.83 +27.05
[*)] a
£ speed | 515 (0-120) 81 (31-121) <0001
é functional | 26.00 + 30.43 5941 £29.34 <0.001°

reading 13.72 (0-108) | 62.65 (14.40-114.95) ’

2Wilcoxon signed-ranks test

DISCUSSION

VI results in different degrees of difficulty in performing
daily activities and tasks. Great progress has been made
in the development and deployment of intraocular LVA,
such as implantable monocular telescope, followed by the
global positioning system-based navigation system, loca-
tion-aware LVA. LV children have particular and additional
tasks concerning education, and reading is one of the core
activities of their studies. As it is well known, LV and VI
affect their sensorial development, physical, psychological,
and social well-being. Socio-epidemiological or so-called
external factors (i.e. education/employment and parental
influence) can either facilitate or hinder participation [3].
In our study, all the parents had completed primary and ap-
proximately half of them had completed secondary school.
Finishing at least primary school is a legislative obligation
that can explain a relatively high percentage of parents who
had completed at least primary education level.

The commonest cause of LV among children and adoles-
cents in Montenegro was retinal dystrophy - retinitis pig-
mentosa (20%), followed by Stargardt disease (7%). Also
present are premature retinopathy (25%), macular dysgen-
esis (10%), and myopic degenerative changes (10%). The
etiology of childhood VI in Montenegro includes 13% of
those who had VI with coexisting neurological disability. In
contrast, in Brazil, the most frequent finding was congenital

‘ DOI: https://doi.org/10.2298/SARH171016192T
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glaucoma (21.1%), while in a Sao Paolo study congenital
glaucoma (30.6%) was found to have higher prevalence,
followed by macular retinochoroiditis due to congenital
toxoplasmosis (16.7%), congenital cataract (12.8%), retinal
and macular inherited disorders (11.7%), and optic atrophy
(9.8%) [4, 5]. Furthermore, Haddad et al. [5] reported that
only 2% of children with congenital glaucoma had nor-
mal visual acuity levels, while 29% had mild VI, 28% had
moderate VI, 15% had severe VI, 11% had profound VI,
and 15% had near blindness. Principal causes of blindness
among VI children in New Zealand were cerebral VI in
61 children (42.4%), optic nerve atrophy in 18 children
(12.5%), and retinal dystrophy in 13 children (9%). The
main avoidable causes of blindness in 27 children (19%)
were neonatal trauma, asphyxia in nine children (33%), and
non-accidental injury in six children (22%) [6].

Causes of LV in childhood and adolescence in Africa
and Asia differs from those in other parts of the world. In
Nigeria, the most common causes were cataract (21%), fol-
lowed by glaucoma (12.9%), but in as much as 43.6% of LV
children, causes of blindness were found to be treatable [7],
while Olusanya et al. [8] reported that the most common
cause of LV in children was albinism (24.4%) and optic
atrophy (24.4%). In EXkiti State Special Education School,
Nigeria, in a study conducted in May-June 2008 it was
reported that the most common causes of VI are cataract
(26.7%), glaucoma (20%), retinitis pigmentosa (16.7%),
and posttraumatic phthisis bulbi (6.7%); blindness was
avoidable in as much as 61% of the cases[9]. In Ethiopia,
the most common causes of childhood VI were corneal
disease/phthisis (62.4%), followed by optic nerve lesions
(9.8%), cataract/aphakia (9.2%), and lesions of the uvea
(8.8%). The etiology was unknown in 45.1% of the cases,
while 68% of the cases were considered to be potentially
avoidable [10]. Cataract and corneal damage are the lead-
ing causes of LV in children in India as well. Even though
the time difference between the studies is almost 20 years,
the conclusions of both studies were that in prevention
of avoidable blindness, it is very important to provide
measles and rubella immunization and nutrition care [11].

Among LV children in Nepal, refractive error and am-
blyopia (20.1%), retinitis pigmentosa (14.9%), and macu-
lar dystrophy (13.4%) were the most common causes of
pediatric VI. Nystagmus (50%) was the most common
cause of LV in the one to five years age group, whereas
refractive error and amblyopia were the major causes in
the six to 10 and 11 to 16 years age group (17.6 and 22.9%,
respectively) [12].

It is a widely accepted belief in clinical practice that
children with VI can benefit from the use of an LVA [13].
To LV patients at the Instituto Brasileiro de Oftalmologia
e Prevencao da Cegueira, telescopic system was the only
optical aid indicated for distance (44%) and glasses were
the most indicated aid for near vision (54.5%), which were
prescribed as such [14]. In India, only 18% of LV children
with coloboma, microcornea, and microphthalmos have
been using telescopes, while a stand magnifier has been
prescribed in 6% of children [15]. LV children from Mon-
tenegro have a special possibility to be treated with the

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):534-537



Reading performance of low vision children after using low vision aids

most diverse range of LVA for large distance, intermediate
distance, and short distance, respectively.

CONCLUSION

According to the published data, this is the first study tar-
geting the influence of LVA use in LV children on reading
performance, as well as the first report on demographic
data and causes of LV among LV children in Montenegro.
Our results indicate that LVA for reading or short distances
significantly improves reading performance in LV children
and should be applied in everyday practice.
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3opuua ToHuuh', Hatawa Jososuh', Hapa LWakoTtuh? BecenuHka Munosuh? KatapuHa JaHunhujeBuh?,

MupjaHa MeTposuh-JaHuhnjesnh®, CeetnaHa JosaHoBUh?

'KnuHnukm uenTap LipHe lope, [leuja knuHinka, Cnyxba odptanmonoruje, Mogropuua, LipHa lopa;

2Ynueep3uteT Lpre fope, Dunozodckmn dpakyntet, Hukwuh, LipHa lopa;

3YHuBep3uTeT y Kparyjesuy, Dakyntet MeAnLMHCKNX Hayka, Kparyjesau, Cpbuja

CAMETAK

YBopa/Lwm Linmb oBor paga je 6vo fja ce yTBpae pasnosu cia-
60BugocTy Aeue y LipHoj fopu 1 yTuuaj cnelujanHyx nomarana
Ha 6P3nHY 1 Ha GYHKLIMOHANHO YnTarbe KOA oBe feLe.
MeTtoge MpocnekTrBHa CTyAWja cnpoBeaeHa je Ha 40 cnaboBu-
[le AeLie Koja Cy KopucTuna cneuyjanHa nomarana. Cea geua cy
fobvna fa npounTajy UCTY TeKCT Npe 1 nocne Kowhera noma-
rana. bp3uHa uuTama je rckasaHa Kao 6poj MpoUraTHYX peun 'y
MUHYTW, @ GYHKLMOHANTHO YnTake Kao ofHOC n3mehy 6p3uHe
ynTara 1 pasymeBatba npoymtaHor X 100.

Pesyntatu Cpeamm y3pacT cnabosuge gee je 6vo 12,60 £
4,06 roguHa (20 geyaka n 20 geBojumua). Hajuewhn pasnosu
cnaboBupocTy cy bunu: npematypHa peTrHonatuja (10/40;
25%), NUrMeHTHN peTnHUTKC (8/40; 20%), aHOManmje onTuy-
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Kor HepBa (5/40; 13%), pereHepaTuBHa Muonuja (4/40; 10%),
MaKynapHe ausreHesunje (4/40; 10%), Craprapg guctpoduja
(3/40; 7%), aTpoduja onTrykor HepBga (2/40; 5%), anbrHrzam
(2/40; 5%). Huctarmyc je anjarHoctrikoBaH kog 11 aeuie (28%).
CBoj cnaboBuUAoj feuy cy MponmcaHa nomarana. bpsuHa uutara
npe y 0fHOCY Ha 6p3nHy YnTaka nocne Kopuwhera nomarasna
je 6una 36,58 + 35,60, Tj. 73,83 + 27,05 peun/muH. (p < 0,001),
[OK je GYHKLMOHANHO YnTatbe 6mno 26,00 + 30,43, 7j. 59,41 +
29,34 (p < 0,001).

3aksbyuak Cnabosupaa fella Nokasyjy 3HauajHo nobosbluake
ymTara nocne Kopuwhetrba crneyurjanHx nomarasna.

KrbyuHe peun: nomarana 3a cfiabosumge; cnabosuaa feua; 6p-
31Ha YnTarba
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The impact of age, gender, acuteness, and etiology
on short-term clinical outcome in patients with
subdural hematomas - international dual-center
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SUMMARY

Introduction/Objective Subdural hematoma is one of the most common intracranial types of bleeding
with high risk of disability and mortality.

The aim of this study was to determine the influence of age, sex, acuteness, and etiology of subdural
hematoma on short-term clinical outcome in these patients.

Methods We retrospectively studied 288 patients who were diagnosed and operated on for subdural
hematomas (SDH) with different etiology (traumatic and spontaneous) and acuteness (acute, subacute,
and chronic) for a period of five years. Patients scored < 5 points on the Glasgow Coma Scale at hospital
admission were not included in this study. Clinical outcome was assessed by the modified Rankin Scale
(mRS) score at hospital discharge. Descriptive statistics and logistic regression analysis were used to
determine the effect of the investigated factors on short-term clinical outcome.

Results Logistic regression analysis was conducted to predict degree of recovery (good = mRS <1 vs.
poor = mRS = 2 or death) using sex, age, acuteness, and etiology of SDH as predictive factors. It was es-
tablished that the following three factors made a significant contribution to the outcome: age (p = 0.004),
acuteness (p < 0.001), and etiology of a hematoma (p = 0.023), with acuteness being the strongest predic-
tive factor. Sex was not a significant predictor, while age under 70 years and spontaneous origin of SDH
were associated with lower mRS scores and had a positive effect on recovery chances.

Conclusion Age, acuteness, and etiology of hematoma are important predictive factors that influence
the short-term clinical outcome in patients with SDH. These parameters should be taken into account
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when giving prognosis for recovery chances to a patient’s family and relatives.
Keywords: subdural hematoma; outcome; predictive factors; recovery; surgery

INTRODUCTION

A subdural hematoma (SDH) is a common type
of intracranial hemorrhage. The prevalence
and total cost for a subdural hematoma has in-
creased significantly in the last decade [1]. An
acute intracranial subdural hematoma (ASDH)
is commonly associated with high incidence of
morbidity and mortality, despite its fatality rate
has begun to decline with the developments in
medicine and is currently around 14% [2, 3,
4]. On the other hand, some patients develop
chronic SDH (CSDH) from causes other than
head injury, such as brain surgery, neovascu-
larization of the hematoma capsule, or coagula-
tion factors. In addition, some factors, such as
old age, alcoholism, coagulopathy, neurological
status at admission, hematoma density, and ir-
rigation, are reported to be correlated with the
outcome [5]. However, these results are still
controversial, and the influence of some im-
portant predictive factors on clinical outcome
of SDH, regardless of its etiology and acuteness,
has not yet been fully elucidated.

Therefore, the aim of this study was to de-
termine the influence of age, sex, acuteness,
and etiology on short-term clinical outcome
in patients with subdural hematomas.

METHODS
Study design

This international study was performed in two
neurosurgical centers — the Clinic for Neuro-
surgery, Clinical Center of Nis, Serbia, and the
Clinic for Neurosurgery, St George University
Hospital, Plovdiv, Bulgaria. It was approved by
the institutional review boards, and informed
consent was waived. Patient information was
obtained via a retrospective review of medical
records for the period between January 2011
and December 2015.

Patients

We identified and included a total of 288 pa-
tients diagnosed and operated on for SDHs,
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Table 1. Group comparisons of the investigated factors and their correlation with clinical outcome

mRS
Factors No. of patents (%) p-value - p-value
mean SE median
Age
<70 138 (47.9) 1.40 0.14 1
ns 0.002
>70 150 (52.1) 1.99 0.16 1
Sex
male 198 (68.8) 1.63 0.12 1
<0.001 ns
female 90 (31.3) 1.88 0.21 1
Acuteness of SDH
acute 44 (15.3) 3.16 0.30 3
- <0.001 <0.001
subacute/chronic 244 (84.7) 1.45 0.11 1
Etiology of SDH
spontaneous 179 (62.2) 1.49 0.13 1
- <0.001 0.008
traumatic 109 (37.8) 2.06 0.19 1
Total 288 (100) 1.71 0.11 1

mRS - modified Rankin Scale; ns — non-significant; SDH - subdural hematoma

regardless of their acuteness (acute, subacute, or chronic),
and etiology (traumatic or spontaneous). We collected
data with relation to factors such as initial score on the
Glasgow Coma Scale (GCS), length of hospital stay, age,
sex, acuteness, and etiology of SDH. The short-term
clinical outcome was assessed by the modified Rankin
Scale (mRS) at hospital discharge. Thus, the follow-up
period varied from seven to 35 days. Patients scored < 5
points on the GCS at hospital admission were not in-
cluded in the study because they usually have moribund
prognosis.

In order to determine the influence of the investigated
factors on the clinical outcome, the patients were grouped
for comparisons as follows: patients aged < 70 years vs.
patients aged > 70 years; male patients vs. female patients;
patients with acute SDH vs. patients with subacute/chronic
SDH; patients with traumatic vs. patients with spontane-
ous (non-traumatic) SDH.

Statistics

Statistical analyses were performed using the IBM SPSS
Statistics for Windows, Version 19.0 (IBM Corp., Armonk,
NY, USA). Distribution of the variables was tested using
the Shapiro-Wilk test. We used the Mann-Whitney U-
test to test for differences between groups and correlation
analyses (Spearman’s r). Logistic regression model was run
to determine which variables were independently associ-
ated with functional recovery and mortality. All variables
with p < 0.05 were considered statistically significant.

RESULTS

The mean age was 69.62 * 0.79 years (range being 20-95
years), with 52.1% being over the age of 70 years. Male-
to-female ratio was 2.2:1. The most common types of
SDH were subacute/chronic (84.7%) and spontaneous
(62.2%). The overall mortality rate was 10.4%. The aver-
age mRS score upon discharge was 1.71 + 0.11. Sex was not
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significantly associated with differences in mRS score nor
with the other factors (p < 0.05). Being above/below the
age of 70 years was significantly associated with differences
in the mRS score (U = 8,307.5, p = 0.002) and the out-
come (independence, dependence or death) (U =9,124.5,
p =0.016). Outcome (mRS score) was also associated with
the acuteness (U = 2,578, p < 0.001) and etiology of SDH
(U =8,014, p = 0.008) (Table 1).

There was a moderate negative correlation between
the acuteness and the mRS score (Spearman’s r = -0.339,
p < 0.001).

Clinical outcome and correlation between good re-
covery and investigated factors have been summarized in
Tables 2 and 3.

A logistic regression analysis was conducted to predict
degree of recovery (good = mRS < 1 vs. poor = mRS > 2
or death) using sex, age, acuteness, and etiology of SDH
as predictors. A test of the full model against a constant
only model was statistically significant, indicating that
the predictors were reliably distinguished between accep-
tors and decliners of the offer (x* = 49.535, p < 0.001 with
df = 4). Nagelkerke’s R* of 0.218 indicated a relationship
between prediction and grouping. Prediction success
overall was 72.6% (94.1% for good and 32.7% for poor).
The Wald criterion demonstrated that three factors made
a significant contribution to prediction: age (p = 0.004),
acuteness (p < 0.001) and etiology of SDH (p = 0.023),
with acuteness being the strongest predictor. Sex was
not a significant predictor, whereas age under 70 years
and spontaneous origin of SDH were associated with
lower mRS scores and had positive effect on recovery
chances.

DISCUSSION

Many factors, including age, have been reported to influ-
ence the outcome in traumatic and non-traumatic SDH
patients [6, 7, 8]. Age is considered as one of the major
predictive factors for mortality in patients with traumatic
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Table 2. Summary of clinical outcome and functional recovery of pa-
tients with a subdural hematoma at discharge

Clinical outcome No. of patient (%)
mRS

no symptoms 68 (23.6)
no significant disability 119 (41.3)
slight disability 38(13.2)
moderate disability 17 (5.9)
moderate severe disability 14 (4.9)
severe disability 2(0.7)
death 30(10.4)
Outcome (based on mRS)

independent (MRS = 0-2) 225 (78.1)
dependent (MRS = 3-5) 33(11.5)
death 30(10.4)
Recovery of surviving patients (n = 258)

good/full recovery (mRS < 1) 187 (72.5)
poor/disability (mRS = 2-5) 71 (27.5)

mRS - modified Rankin Scale

Table 3. Correlations between the investigated factors and good clini-
cal outcome

Factors Functional recovery (mRS < 2) value
n (% within group) p
Age
<70 116 (84.1)
0.016
>70 109 (72.7)
Sex
male 156 (78.8)
ns
female 69 (76.7)
Acuteness of SDH
acute 21(47.7)
- <0.001
subacute/chronic 204 (83.6)
Etiology of SDH
spontaneous 149 (83.2)
: <0.05
traumatic 76 (69.7)
Total 225(78.1)

mRS - modified Rankin Scale; ns — non-significant; SDH - subdural hematoma

ASDH [9]. A recent study reported that the age of less or
more than 77 years had been found to be an independent
prognostic factor for the functional outcome in patients
with CSDH [10]. Age is also indicated as a positive risk
factor for a higher perioperative morbidity and mortal-
ity [11]. On the other hand, other authors shared that
despite significantly higher complication rate in elderly
patients with CSDH, the clinical outcome at one month
after surgery in patients older than 85 years was signifi-
cantly better in comparison to patients younger than
85 years [11]. On the contrary, in a large, prospective,
multicenter, observational cohort study carried out in
the United Kingdom by Brennan et al. [12], over 1,205
patients with CSDH, showed that increasing patient age
had independently predicted unfavorable functional out-
comes [12]. Another large study conducted by Toi et al.
[13], which included 63,358 patients with newly diagnosed
CSDH, also confirmed that the percentage of poor out-
comes at discharge tended to be higher in elderly patients.
Several publications demonstrated that clinical outcome
of patients over 70 years old who have received surgical

‘ DOI: https://doi.org/10.2298/SARH171016024K
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treatment for traumatic ASDH was significantly worse
with the increase in age [14, 15, 16]. Our study found that
patients with subdural bleeding older than 70 years had
poorer short-term outcomes following surgery compared
to those younger than 70 years. We identified the age less
than 70 years as a significant predictor for better outcome
in a mixed cohort of patients with SDH, regardless of its
acuteness and etiology. Similar findings have been recently
reported [17].

A recent study showed that premorbid impaired ac-
tivities of daily living, consciousness disturbance, acute-
to-chronic subdural hematoma, and death as outcomes at
discharge were significantly more frequent in women than
in men. Women had less frequent instances of good recov-
ery. Female sex was also identified as a predictor of death
at discharge [18]. In contrast, our study did not identify
sex to be significantly associated with differences in out-
come. Logistic regression analysis confirmed that sex was
not a significant predictor of clinical outcome of patients
with SDH, a fact also observed by other authors [9]. The
prognosis for patients with ASDH remains poor, especially
in elderly patients [19]. It has long been recognized that
ASDH is often associated with intraparenchymal injuries
and brain swelling. Hence, outcomes have historically been
worse for patients with ASDH with mortality rates as high
as 68% [20, 21]. Pathophysiology, patient populations,
management strategies, and outcomes differ significantly
between ASDH and CSDH [22]. As recently reported,
patients with mixed acuteness or subacute/chronic SDH
had significantly better three-month mRS with surgery
compared to those with only ASDH [17]. In contrast, an-
other study which investigated 45 patients over the age of
70 did not establish any change in the functional status
from admission to follow-up in the groups of patients with
ASDH and CSDH [23]. We also confirmed that acuteness
of SDH was significantly correlated with functional recov-
ery and outcome. Moreover, the acuteness was found to
be the strongest predictor of clinical outcome. Our study
suggested that patients with ASDH tend to have poorer
outcome and lower chances for good recovery compared
to patients with subacute/chronic SDH.

Patients with CSDH who reported a history of head
injury are susceptible to poorer outcome [5]. However,
SDH can develop spontaneously, without any history
of sustained cranial trauma as a result of brain surgery,
neovascularization of the hematoma capsule, or coagula-
tion factors [5, 24, 25]. The etiology remains unknown
in over 25% of cases because many patients have not
experienced a prior traumatic event [26, 27]. We found
significant correlation between etiology of SDH and
clinical outcome. The etiology of SDH was also found
to be a significant predictor of outcome. Our results in-
dicated that patients with spontaneous (non-traumatic)
SDH had better outcome and greater recovery chances
after surgery than patients with traumatic SDH. One
possible explanation is that traumatic SDH are often
accompanied by a variety of diffuse parenchymal in-
juries and cerebral edema that increase brain damage
and worsen prognosis.
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We could not identify any other publication in the
literature that discusses and compares clinical outcome
in patients with spontaneous versus traumatic SDH with
heterogeneous acuteness. Therefore, we consider this our
original finding that could have social, economic and,
chiefly, personal significance. Recovery of such patients
and their ability to adequately participate in everyday life
has a great impact on their quality of life.
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YTULaj CTapocTy, Nona, AUHAMMUKE HACTaHKa U eTUIOrUje Ha KPaTKOPOUHU
KJIMHUYKM UCXOZ KoA BonecHuKa ca cybaypanHum xematommma — melyyHapogHa

ABOLEHTPUYHA CTYAMja

MBo KexajoB', Anekcanaap Koctuh?, bopucnas Kutos', BecHa Hukonog?, Xprcto XKesrba3skos', AtaHac [laBapcki’
'MeaununHcku yHUBep3uTeT y Mnosamey, MeauumuHckn dakynteT, Kategpa 3a Heypoxupyprujy, lMnosaus, byrapcka;

2KnuHnyky yeHTap Huw, Knunvka 3a Heypoxupyprijy, Huw, Cpbuja

CAMETAK

Yeoa/Lwmb Cy6aypanHy XemaToM Cy jefaH oA Hajuelhvix Bu-
[0Ba MHTPaKpPaHWjanHor KpBapeta, ca BUCOKMM MPOLIEHTOM
mopTanuTeTa 1 mopbugnTeTa.

Linmb Hawwer nctpaxuatba je 61o fa yTBpAMMO yTULaj CTapo-
CTI, NONa, AMHAMMKe HacTaHKa 1 eTrororuje cybaypanHux xe-
MaToMa Ha KpaTKOPOUHY KIIMHWYKI UCXOL, KOA OBYX GONECHUKa.
Metopge PeTpocnekTMBHO CMO aHanv3vpany 288 6onecHrka
Koju cy onepmcaHu of cybaypanHux xematoma (CLIX) pasnmunte
eTnonoruje (TpayMaTCKn Ui CroHTaHu) U JUHaMUKe HacTaHKa
(aKyTHM, Cy6aKyTHV 1 XPOHMYHM) Yy Nepuogy of neT rogrHa. Y
CTYAVjy HUCY YKIbyueHu CBY 6onecHmum ca [Ma3roB KoMa cKa-
nom <5. KnuHnukm ncxog je yrephusaH nomohy moamdukosa-
He PaHKVH ckane (MPC) HenocpeAHO nNpe OTMycTa ca KNVHKKe.
OnucHa CTaTUCTMYKA 1 NOFUCTUYKA PerpecrioHa aHanmsa cy
KopuwwheHe 3a yTBhrBame epekTa MCNUTBaHMX GpakTopa Ha
KPaTKOPOYHV KIVHWYKI UCXOA.

DOI: https://doi.org/10.2298/SARH171016024K

PesynTatn 3a npefuharbe cTeneHa onopasaka KopuwheHa
je MeTopa norncTnyKe perpecmoHe aHanuse (fobap = MPC < 1
Hacynpot nowem MPC > 2 unn cmpTi), Koja je y3umana y o63up
CTapoCT, NoA, ANHAMKKY HacTaHKa 1 etunorujy CIIX kao pakTto-
pe nporHo3e. YTBphHeHo je aa cy Tpu dakTopa of CTaTUCTAYKOT
3Hayvaja 3a CTeneH onopasKa: cTapocT (p = 0,004), fuHammKa
HacTaHKa (p < 0,001) n eTnonoruja xematoma (p = 0,023). Mon
60onecH1Ka Huje 610 of NPOrHOCTUYKOT 3HaYaja, AOK Cy CTapoCT
ncnog 70 rognHa 1 HeTpaymaTcKo NMopekno xematoma yapy-
XeHu ca HUCKM MPC uManu no3nTnBaH eGeKT Ha onopaBak.

3akibyyak CrapocT, AavHaMKKa HacTaHKa 1 eTuormja xematoma
Cy GUTHY MPOrHOCTYKM GAKTOPW KOju1 YTUYY Ha KPaTKOPOYHY
KJIMHUYKI ncxog Kog 6onecHuka ca CAX. OBy napameTpu 6u
Tpebarno Aa ce yamy y 063vp Kafa ce Aaje NporHo3a ornopaska.

KrbyuHe peun: cy6aypanHy XeMaToM; UCXO; MPOrHOCTUYKM
dbakTopy; onopasak; onepawuja
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Operation time and intraoperative fluoroscopy
time in different internal fixation methods for
subtrochanteric fractures treatment
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SUMMARY

Introduction/Objective Subtrochanteric fractures are unstable, tending to a varus, antecurvatum, and
shortening deformity.

The aim of this paper was to compare operation time and fluoroscopy time between different internal
fixation methods in the treatment of subtrochanteric fractures.

Method The prospective study of the group of 27 patients with a subtrochanteric fracture treated by
the SIF (selfdynamisable internal fixator with a trochanteric unit) method had been done. Operation
time and fluoroscopy time values from this group were compared to the same parameters data from the
literature for intramedullary (IM) nails, proximal femur locking plates (PF-LCP), dynamic condylar screws
(DCS), and the 95°-angled blade plate.

Results In the SIF group, operation time was 62.2 (25-140) minutes and fluoroscopy time was 43 (20-95)
s. Average operation time from the literature data was: 102.1 (43-181) minutes for IM nail, 94.2 (75-129)
minutes for PF-LCP, 105.3 (70-166) minutes for DCS and 221.5 (171-272) minutes for blade plate. Average
fluoroscopy time from the literature data was: 109.6 (34-250) seconds for IM nail, 102.3 (47-180) seconds
for PF-LCP, 238 seconds for DCS. Operation time and intraoperative fluoroscopy time were higher in IM
nail, PF-LCP, DCS and blade plate comparing to SIF method (p < 0.05).

Conclusion The above mentioned difference could be explained by a degree of required accuracy in the
initial operative technique maneuvers, by used number of screws and by the type of the fracture reduction
performance in different fixation methods. Operation time during IM nailing of subtrochanteric fractures
sometimes can be shorter than average operation time in SIF method, what could be explained by the

skill of the surgeon to perform as fast closed reduction for insertion of guide wire.
Keywords: selfdynamisable internal fixator; subtrochanteric fractures; dynamisation

INTRODUCTION

Subtrochanteric fractures occur in 3.2/100,000
population per year and are often pathologi-
cal in nature [1]. They are more common in
females and in patients who have been taking
bisphosphonates. They are defined as extend-
ing from the lesser trochanter to 3-5 cm dis-
tally although there are other definitions [1, 2,
3]. Subtrochanteric fractures are almost always
displaced, being in antecurvatum, varus, and
external rotation position by the effect of mus-
cles attached to the fractured area. That is the
reason for a frequent occurrence of malunion
with hip contracture in non-operative treat-
ment of these fractures, thus giving poor func-
tional results. External fixation can provide
good final results after proper postoperative
treatment. Disadvantages of external fixation
are postoperative discomfort for the patient
and a risk of infection around the pins; hence,
this fixation method is used predominately
when the operative intervention is considered
a big life risk factor or for the treatment of open
subtrochanteric fractures. Internal fixation is

the most used treatment method for subtro-
chanteric fractures today [4].

These fractures are commonly managed
with intramedullary (IM) nails, proximal fe-
mur locking plates (PF-LCP), dynamic condy-
lar screws (DCS), and 95°-angled blade plates
[5-15]. Selfdynamisable internal fixator (SIF)
with a trochanteric unit (Figure 1) is a new-
generation implant used in the treatment of
several thousand patients in many clinics in-
cluding our institution [16-21].

In this paper, operation time and intra-
operative fluoroscopy time between the SIF
method and IM nail, PF-LCP plate, DCS, and
blade plate have been compared.

METHODS

Operation time and intraoperative fluoroscopy
time were analyzed in the group of 27 consecu-
tive cases with SIF internal fixation of a subtro-
chanteric fracture. These surgical interventions
were performed at the Clinic for Orthopaedics
and Traumatology of the Clinical Center of Ni§
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Figure 1. Selfdynamisable internal fixator with a trochanteric unit:
(1) lag screws; (2) implant body; (3) clamps with screws for clamps; (4)
dynamic antirotational screw; clamps are initially locked, but biome-
chanical forces can lead to their spontaneous unlocking (without the
need for additional surgery) if the union is delayed or absent

between March 1, 2011 and November 1, 2012. We had
analyzed the series of patients treated during 2011 and
2012 because the registration of accurate data of intraop-
erative fluoroscopy time was being performed on the regu-
lar bases at that time. SIF internal fixation is the method
of choice at our center. In our and other 24 centers, this
method has already been applied to 2,500 patients for the
internal fixation of trochanteric and subtrochanteric frac-
tures. Aforementioned parameters were calculated for the
average values and evaluated for linear correlation.

Operation time and intraoperative fluoroscopy time
were also evaluated for values taken from other published
papers regarding internal fixation of subtrochanteric frac-
tures with IM nail, PF-LCP, DCS, and 95°-angled blade
plate. Average parameters values for each fixation method
were analyzed statistically in relation to the values of the
SIF group.

Above-mentioned implants are classified into two
groups: implants without axial dynamic fixation feature
(PE-LCP, DCS, and blade plate) and implants with axial
dynamic fixation feature (IM nail and SIF). Axial dynamic
fixation of subtrochanteric fractures includes the possibil-
ity of controlled fractured fragments sliding along the long
axis of the femur, which is a desirable factor to provide
compression and further healing of the fracture in some
patients. It is still not possible to predict which fracture
(patient) will require dynamization in the post-surgery
time. Nevertheless, fixation has to be rigid in the initial
after-surgery time and the dynamization could be needed
later, after several weeks. IM nail method provides the
transition from initially rigid to dynamic fixation mode
by additional later surgery (interlocking screw removal).
In the SIF method, this transition happens spontaneously,
without any need for additional surgery, by the clamps
spontaneous “unlocking” resulted from the effect of bio-
mechanical forces on initially locked clamps (if the heal-
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ing process is slow or absent, resulting in longer implant
load-bearing time) [16-22].

Statistical analysis was performed by the use of Stu-
dent’s t-test and linear correlation analysis in IBM SPSS
Statistics, Version 22.0 (IBM Corp., Armonk, NY, USA)
with the significance level set at p < 0.05.

RESULTS

Average operation time was 62.2 (25-140) minutes, and
average intraoperative fluoroscopy time was 43.9 (21-95)
seconds in the group of patients with subtrochanteric frac-
ture treated by the SIF method.

Averages of values taken from the literature for sub-
trochanteric fracture fixation regarding operation time
were as follows: 102.1 (43-181) minutes for IM nail, 94.2
(75-129) minutes for PF-LCP, 105.3 (70-166) minutes for
DCS, and 221.5 (272-171) minutes for 95°-angled blade
plate. Average values from the literature regarding fluo-
roscopy time were as follows: 109.3 (34-250) seconds for
IM nail, 102.3 (47-180) seconds for PF-LCP, and 238 sec-
onds for DCS. No values were found for fluoroscopy time
in subtrochanteric fracture fixation using the 95°-angled
blade plate (Table 1) [5-15].

Table 1. Average operation time and intraoperative fluoroscopy time
for different internal fixation methods in subtrochanteric fractures
treatment; the values for the intramedullary nail, proximal femur lock-
ing plates, dynamic condylar screws and 95°-angled blade plate were
taken from the literature and are placed inside the parentheses

Method Opera.tlon time Fluoroscopy time
(minutes) (seconds)

SIF (trochanteric) 62.2 43.9

IM nail 102.1 109.6 (250, 45, 34)
(181, 166, 93, 82, 48, 43) : e

PF-LCP 94.2 (129,91, 82,75) 102.3 (180, 80, 47)

DCS 105.3 (166, 80, 70) 238(238)

95° blade plate 221.5(272,171)

IM - intramedullary nails; PF-LCP - proximal femur locking plates;
DCS - dynamic condylar screws

The average operative time and average fluorosco-
py time from the SIF group were significantly shorter
(p < 0.05) in relation to the average values for IM nail,
PF-LCP, DCS, and 95°-angled blade plate calculated by
the use of data taken from the literature.

Pearson correlation coefticient for correlation between
operative time and fluoroscopy time in the SIF group was
r=0.482.

The results of this study can however be compared as
a reference statement, rather than a real indication that
the SIF is better.

DISCUSSION

Longer intraoperative time in subtrochanteric fractures
treatment using the 95°-angled blade plate and DCS could
be explained by the need for achieving reduction before

the implant placement procedure. This is required due to

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):543-548
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the necessity for proximal part of the implant to be at a
certain angle to the previously displaced femoral shaft.
This statement is supported by the fact that the average
intraoperative time was longer in the blade plate in com-
parison to the DCS method. Actually, the blade plate is not
an adjustable implant and its placement requires more pre-
cise 3D orientation of the surgeon than the use of the DCS
method (DCS is somewhat adjustable due to the rotation
of its cylindrical part introduced in a trochanteric mass).
Thus, it could be suggested that higher adjustability of the
implant impacts the average operation time.

In addition to the aforementioned reasons, longer oper-
ative time in PF-LCP in relation to the SIF method of sub-
trochanteric fractures treatment could be explained by the
higher number of screws in the PF-LCP method. Higher
number of screws affects both the operation time and the
fluoroscopy time. Longer fluoroscopy time is here primar-
ily caused by the implantation of screws for the proximal
femoral fragment, as it is important for the hip screws not
to pass behind the medial cortex or into the hip joint.

IM nail fixation requires at least partially closed reduc-
tion of the subtrochanteric fracture before introducing a
guide-wire into the distal fragment medullary canal. Be-
cause of the type of subtrochanteric fracture displacement,
closed reduction is often hard to be performed, resulting in
repeated fracture reduction and guide-wire introduction
maneuvers, and hence in longer operation time and longer
fluoroscopy time. However, in some papers, the average
operation time of the IM nail method is similar to the SIF
group in this paper.

It should be kept in mind that the introduction of the
IM nail in the distal medullary canal does not always pro-
vide the correct reduction of some forms of the subtro-
chanteric fracture. There are some papers presenting the
subtrochanteric fracture with a varus reduction after the
IM nail fixation and with good final results after a switch
to an extramedullary fixation (Figure 2) [23].

The SIF implantation does not require previous reduc-
tion of a subtrochanteric fracture. It could be enough to

introduce one lag screw parallel to the femoral neck axis.
Afterwards, fracture reduction is performed indirectly -
by leaning of the implant body to the femoral shaft; the
implant body position is adjusted by its rotation around
the axis of the implanted lag screw (Figure 3). This type
of reduction and fixation could be considered as a factor
for a shorter average operation time. In this reduction and
fixation method, fluoroscopy can be needed during the
insertion of lag screws in the femoral neck only, contribut-
ing to a shorter average fluoroscopy time.

Pearson’s coefficient was > 0.3, supporting the state-
ment that there is a correlation between the operative time
and the fluoroscopy time in the SIF group (longer opera-
tion time is followed by longer fluoroscopy time). How-
ever, the coefficient of < 0.8 rejected this correlation as a
strong one, and this is supported by the fact that some of
the highest values for the fluoroscopy time were in the cas-
es with almost average values of the operation time. This
could be explained by the occasional need for repeated
K-wire insertions in the femoral neck before taking a good
position for the lag screw, requiring more intraoperative
fluoroscopy in a not too long operative time.

Dynamic hip screw (DHS) was not suggested in this
paper as one of the most used methods in the treatment of
subtrochanteric fractures, due to already confirmed higher
frequency of postoperative complications in relation to
other methods of internal fixation. Results of earlier stud-
ies referred that these complications were almost always
associated with medial cortex comminution, which is a
very common condition, making subtrochanteric fractures
unstable [7, 24, 25].

Excessive sliding of a lag screw in unstable subtrochan-
teric fractures treated by the DHS can result in medializa-
tion of the femoral shaft. Medialization of more than one
third of the femoral shaft diameter is followed by a seven
times more likely fixation failure, including implant break-
age [26, 27].

In an earlier study on 49 consecutive patients with a
subtrochanteric fracture treated by the SIF method it was

Figure 2. (A) Possible malreduction after intra-
medullary nailing of a reverse subtrochanteric
fracture; (B) extramedaullary fixation provides
a more accurate and reliable reduction of this
fracture type

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):543-548

Figure 3. A scheme and an X-ray of subtrochanteric fracture reduction using the selfdyna-
misable internal fixator method; the first lag screw is positioned parallel to the femoral neck
axis, and other screws are implanted after “joystick” reduction of the fracture and adjusting
of the implant body position

www.srpskiarhiv.rs



546

Figure 4. Compression strength in the medial cortex area of a sub-
trochanteric fracture is higher in a 95°-angled blade plate (B) than in
the dynamic hip screw method (A) due to the difference of bending
force intensity; F - hip load force at the moment of one leg standing
during walking; Fb — bending force that induces a varus cyclic elastic
deformation and hence the compression in the medial cortex area

stated that bone healing was achieved in all cases, without
the need for surgical revision, and three patients had bone
union in varus angulation of less than 10° [19].

The difference in after-surgery complications rate be-
tween the DHS and SIF implants can be explained by the
fact that the DHS method provides dynamization in just
one axis (femoral neck axis) and the SIF implant provides
dynamization in two axes (both femoral neck axis and fem-
oral shaft axis). Stabilization of an unstable subtrochanteric
fracture after SIF surgery is achieved by the dynamization
more in the femoral shaft axis and less in the femoral neck
axis. Thus, the excessive medialization of the femoral shaft
is rarely obtained in the SIF in comparison to the DHS
method in subtrochanteric fractures treatment. Biaxial dy-
namization could also be the reason for the lower rate of
complications in the IM gamma nail method (surgery is
performed after the interlocking screw removal) in relation
to the DHS method, for subtrochanteric fractures.

The fact that, according to the literature, results of
subtrochanteric fractures treatment are more acceptable
for the DCS than for the DHS method could today be
explained by the need for these fractures to have compres-
sion in the area of the medial cortex. Actually, implants
without the feature for dynamization in the femoral shaft
axis, such as DHS and DCS, can provide this compres-
sion only by their own cyclical elastic deformations in
the varus direction as a result of everyday biomechanical
forces in the hip region. Most of the biomechanical load is
transferred to the proximal femur when one leg is standing
during walking. It had been determined that the angle of
this force vector makes an angle of 159° in relation to the
femoral shaft [28, 29].

Due to the difference between the DCS and DHS im-
plants’ body angles, force-inducing varus bending elastic
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deformation (component of the hip load force) has differ-
ent values between these two fixation types, higher in the
DCS method. Thus, the compression force in the medial
cortex of the subtrochanteric fracture is higher in the DCS
than in the DHS method (Figure 4).

It could be considered that the absence of dynamiza-
tion in the femoral shaft axis in the DCS and DHS meth-
ods is partially “compensated” by the above-mentioned
cyclic elastic deformations of the implant. However, cyclic
bending forces are relatively high risk for implant fatigue
breakage, especially in patients with delayed bone union.

In the treatment of subtrochanteric fractures, some
surgeons sometimes use the SIF with the condylar unit.
This implant has two thick locking screws with an angle
of 95° to the body of the implant. The principle of cycli-
cal elastic deformations, described above for DCS, can be
regarded as a risk for fatigue breakage of the condylar SIF
implant, but only for a few weeks, during the initial (rigid)
phase of the fixation (before spontaneous “unlocking” of
the clamps and consequent dynamization of the implant).
Higher range of the cyclical varus deformation in the con-
dylar SIF implant may be considered as a factor for earlier
“unlocking” of the clamps’ initiation, in relation to when
trochanteric SIF implant is used. This would be a hypoth-
esis in some further studies.

Entry-point for condylar SIF locking screws in this way
is located more proximally than entry-point for trochan-
teric SIF lag screws. This feature can make condylar SIF
more desirable in some types of subtrochanteric fractures
than the trochanteric SIF implant.

CONCLUSION

Operative time and fluoroscopy time in internal fixation of
subtrochanteric fractures using a trochanteric SIF implant
have in average lower values than in the use of DCS, PF-
LCP, IM gamma nail, or a 95°-angled blade plate.

It was observed that the operation time in subtrochan-
teric fractures treatment can be similar between the tro-
chanteric SIF and IM gamma nail fixation. Despite rela-
tively short operation time and minimally invasive surgery
in the IM nail method, one should have in mind that ex-
tramedullary fixation can provide more accurate reduction
and fixation in some shapes of subtrochanteric fractures.
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Bpeme onepauuje n uHTpaonepatusHe Gpayopockonuje Koa PasnMUMTUX METoAa
YHyTpawme PpUKcayuje CynTpoxaHTepHUX npenoma

Munan M. Mutkosuh'?, Cawa C. Munenkosuh'?, eax [. Muumh'? Urop M. Koctuh', Mpegpar M. CrojubkoBuh'™?,

Munopag b. MutkoBuh?

'KnuHnukwn ueHTap Huw, KnuHuka 3a optoneaujy u tpaymatonorujy, Huw, Cpbuja;

2YHuBep3auTeT y Huwy, MegnumHckmn pakyntet, Haw, Cpbuja

CAXETAK

YBop/Lwb CynTpoxaHTepHU MPENOMI Cy HECTaBUITHM NPeoMm
ca TeHAEHLMjOM Ka Bapycy, aHTeKypBaTymy v aeGopmuTeTy
ckpahetba.

Linm oBor pafa je ynopehuatbe AyxunHe onepaLmje 1 BpemeHa
VHTpaonepatvsHe $ryopockonuje namehy pasnnuntix Metoaa
yHyTpaLltbe GuKcaLmje CynTpoxaHTEPHUX Mpenoma.

Metope AHanu3upaHa je rpyna of 27 60necH1Ka ca CynTpoxaH-
TEPHVM NPESTIOMOM, KOjii Cy IeYEHN YHYTPALLHOM GUKCaLmjom
CY® meTofom (camoauHamusmpajyhiv yHyTpaLutm ¢prkcatop
Ca TpoxaHTepHOM jefuHuLom). OBe BPeAHOCTU Cy MOTOM yno-
pebhrBaHe ca BpefHOCTUMa UCTUX MapameTapa 13 iutepatype
3a IM knuH (uHTpamepynapHu KnuH), PF-LCP, DCS v yraoHy
nnovy og 95°.

Pesynrtatin Y CY® rpynu npoceyHa fyuHa onepauyje je 6una
62,2 (25-140) M1HYyTa, a Bpeme UHTpaonepaTnBHe $hayopocKo-
nuje je 6uno 43 (20-95) cekyHne. Cpeare Bpe[AHOCTU pe3ynTaTa
13 IUTepaType y Be3u ca BpeMeHOM onepauuje cy 6une: 102,1
(43-181) muHyTa 32 UM KnuH, 94,2 (75-129) muHyTa 3a PF-LCP,

DOI: https://doi.org/10.2298/SARH180220042M

105,3 (70-166) muHyTa 3a DCS 1 221,5 (171-272) MuHyTa 3a
yraoHy nnouy. lpoceyHo Tpajarbe MHTpPaonepaTrBHe Gpyopoc-
Konuje, npema nutepatypu, 6uno je: 109,6 (34-250) cekyHam 3a
WM knuH, 102,3 (47-180) cekyHpae 3a PF-LCP 1 238 cekyHau 3a
DCS. Bpeme onepaLuje 1 MHTpaonepaTtriBHe Gpnyopockonuje je
61no 3HavajHo Kpahe kog CY® rpyne y ogHocy Ha pesyntaTe
OCTanux HaBedeHUx MeToAa u3 nutepatype (p < 0,05).
3ak/byyvak HaBefeHa pasnuka y Tpajarby onepauuje n uHTpa-
onepatrBHe ¢pnyopockonuje 61 morna fa ce objacHu noTped-
HVM CTeNneHOM NPEeL3HOCTY Yy NOYeTHOj da3u nMnnaHTauvje
dvKcaumoHor maTepujana, kKopuwheHrm 6pojem drKcaLMoHnx
3aBPTHEBA, Kao 1 HauMHOM peno3uLmje npenoma Koju ogpehe-
Ha puKcaumoHa meToaa omoryhasa. Bpeme Tpajatba onepatiuje
Kof pukcauuje UM KnuHom Hekapia Moxe 61TU Kpahe Hero Kog,
CYD meToge, WTo ce MoXe 06jacHUTM ymMeLHoLWRY xupypra fa 'y
Kpahem poKy 13BpLUV 3aTBOPEHY Peno3uLjy CynTpoxaHTepHOr
npesnioMa afeKkBaTHY 3a MiacMpare Urne BogUbE.

KmbyuHe peun: camogyHammsunpajyhn yHyTpalmby ¢prkcatop;
CyNTPOXaHTePHY NPenoMm; ArHamu3aLuja
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SUMMARY

Introduction/Objective Although phosphodiesterase 5 (PDE 5) inhibitors represent the gold stan-
dard for medical treatment of erectile dysfunction (ED), they are not curative. Over the recent years,
low-intensity extracorporeal shock wave therapy (LI-ESWT) has been proposed as a valid non-invasive
therapy approach for ED.

The aim of our work is to assess the shortened, three-week low-intensity extracorporeal shock wave
therapy of vasculogenic ED.

Methods The study involved 32 patients with an International Index of Erectile Function (IIEF) score
between 5 and 20, and whose vasculogenic ED had been proven through Doppler ultrasound. All the
patients had a washout period of one month after previous therapy and agreed to discontinue the PDE5-I
therapy during the follow-up. The LI-ESWT was applied for three weeks, twice weekly, without repeating.
The patients were evaluated at baseline, after one, three, and six months with the IIEF, Doppler ultrasound,
and the Beck Depression Inventory.

Results All investigated parameters (International Index of Erectile Function, Beck Depression Inventory
and penile Doppler ultrasound parameters) showed statistically significant improvement just one month
after the treatment, compared to pre-treatment values, in all investigated domains. The international
index of erectile function passed from baseline values of 12.75 + 4.62 to 14.87 £ 5.04 at one month after
treatment (p < 0.01). This trend remained positive in lIEF and all the parameters tested at the three-month
and six-month follow-up.

Conclusion The shortened three-week low-intensity shock wave treatment of vasculogenic erectile
dysfunction proved to be clinically effective.

Keywords: erectile dysfunction; low-intensity extracorporeal shock wave therapy; International Index

of Erectile Function (IIEF); Doppler ultrasound; Beck Depression Inventory (BDI)

INTRODUCTION

Erectile dysfunction (ED) is a problem of the
male population with both high prevalence and
incidence worldwide. The Massachusetts Male
Aging Study has reported a prevalence of ED
between 5% and 35% (Northern Europe) [1].
ED is commonly associated with aging and
age-related health problems, such as vascular,
hormonal, neural, psychogenic factors, and
side effects of therapeutic drugs [2].

Phosphodiesterase-5 (PDE-5) inhibitors,
although not curative, have become a stan-
dard way of treating ED [3-6]. However, there
are still some significant shortcomings of this
treatment, such as side effects, drug intoler-
ance, etc.

Low-intensity extracorporeal shock wave
therapy (LI-ESWT) was introduced by Vardi
et al. [7, 8] as an innovative and promising
curative treatment of ED, with the possibility
of avoiding side effects and drug intolerance.
The majority of therapy protocols studied with
non-linear LI-ESWT were based on treatments

lasting six weeks, with a three-week pause in
between [8-11].

The aim of this pilot study was to investi-
gate the effects of a three-week LI-ESWT in a
cohort of patients from north-eastern Italy, all
with vasculogenic ED.

METHODS

An open-label, single-arm, prospective pilot
study was performed in a private urological
care structure (Studio Urologico FG) in ac-
cord with the Helsinki Declaration. Thirty-
two patients were enrolled in the study after
obtaining their written informed consent. The
inclusion criteria were as follows: history of
ED for at least six months, an International
Index of Erectile Function for ED (IIEF-ED)
domain score between 5 and 20, responders
and non-responders to PDE-5 inhibitor ther-
apy and vasculogenic ED proven by Doppler
ultrasound. All the patients had a washout pe-
riod of one month after previous therapy and
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Table 1. Maximal velocity of arterial systolic flow, resistance index, Beck’s Depression Inventory score, International Index of Erectile Function
values before and after treatment

Baseline values and follow-up (mean value + SD)
Variables Baseline 1 month 3 months 6 months p*
Qmax 27.59+12.55 3739+17.81 3943 +17.22 39.71+17.74 <0.001
RI 0.67 £ 0.08 0.76 + 0.08 0.79 £ 0.06 0.79+£0.05 <0.001
BDI 6.59+5.70 4.59+0.57 4.06 + 4.56 2.96 + 3.58 <0.003
IIEF 12.75+4.62 14.87 £ 5.04 17.06 + 4.04 17.64 +4.34 < 0.004

Qmax - maximal velocity of arterial systolic flow; Rl - resistance index; BDI - Beck’s Depression Inventory score; lIEF — International Index of Erectile Function;
*calculated between pre-treatment and post-treatment values after one month; no significant differences were noted between the three-month and six-month

follow-ups, except from BDI

agreed to discontinue the PDI-5 inhibitor therapy during
the follow-up.

The exclusion criteria were the following: psychogenic
ED, neurologic comorbidities, documented hypogonad-
ism (total testosterone serum levels under 10 nmol/L),
prior radical prostatectomy, and recovery from any cancer
within the past five years.

Treatment protocol

Low-intensity shock wave therapy was delivered using a
special probe attached to a compact electrohydraulic unit
with a focused shockwave source (Omnispec ED1000,
Medispec Ltd, Germantown, MD, USA). Only standard
ultrasound gel was applied between contact surfaces. The
penis was manually stretched, and the prepuce retracted;
the shockwaves were delivered to the distal, mid, and prox-
imal penile shaft, and to the left and right crura.

Each LI-ESWT session lasted for 20 minutes, and com-
prised 300 shocks per treatment point (a total of 1,500 per
session), at an energy density of 0.09 mJ/mm? and a fre-
quency of 120/min. The volume of penile tissue that was
exposed to shockwaves at each site was cylindrical (diam-
eter: 18 mm; height: 100 mm). The treatment protocol con-
sisted of two treatment sessions per week, for three weeks,
without repeating the treatment after three weeks, which
is the key difference compared to the previous study pro-
tocols with non-linear LI-ESW'T [11, 12].

During the treatment period, no psychological inter-
vention or support was provided, and patients were re-
quired to maintain their normal sexual habits.

Study protocol

The IIEF was used for the symptomatic evaluation of pa-
tients with ED, as this is a widely accepted measurement
tool with a high degree of sensitivity and specificity for
detecting treatment-related changes in the erectile mecha-
nism [13, 14]. A standard tool was used for the psychologi-
cal evaluation of patients, the Beck Depression Inventory
(BDI) score, and a clinical evaluation was performed on
all patients [15]. A grey scale ultrasound followed by a
penile Doppler dynamic ultrasound with alprostadil 10 pg
intracavernosal injection was performed. Measurements
of peak systolic (Qmax) and end-diastolic velocities were
obtained in each cavernosal artery at five-minute intervals
for a total of 30 minutes. A peak systolic velocity of less

‘ Ball: https://doi.org/10.2298/SARH180516043A

than 35 cm/second was used as the threshold for arterial
insufficiency. An end-diastolic velocity greater than 5 cm/
second was used to predict venous incompetence. More-
over, resistance index (RI) was evaluated and considered
to be pathologically reduced when lower than 0.75. A com-
plete study protocol was carried out before the treatment
and during the follow-up. A follow-up was carried out one
month, three months, and six months after treatment, us-
ing ITEF-5 and BDI questionnaires and recording changes
in dynamic Doppler ultrasound parameters.

Statistical analysis was performed with a repeated mea-
sures analysis of variance (ANOVA). Linear regression
analysis was used to prove the correlation between the
variables. Statistical difference was considered significant
when p < 0.01.

RESULTS

The study protocol was applied to 32 middle-aged men
(mean: 57.62 £ 7.98; range: 38-68 years) with vasculo-
genic ED for a mean of 35.2 months. The data regarding
pre- and post-therapy IIEF, duplex Doppler ultrasound,
RI, and BDI are shown in Table 1.

A statistically significant improvement in all the inves-
tigated parameters can be seen one month after treatment,
compared to the pre-treatment values, in all investigated
domains. The IIEF passed from baseline values of 12.75 +
4.62 to 14.87 £ 5.04 at one month after treatment (p < 0.01).
The BDI basic values passed from 6.59 + 5.70 to 4.59 + 0.57
after the first months from the treatment (p < 0.01). As of
penile color Doppler ultrasound parameters, both Qmax
and RI values showed a statistically significant improvement
at first month after treatment (p < 0.01). There was no de-
terioration of the investigated values during the follow-up.

There is a significant correlation between the improve-
ment in ITEF and Qmax (Figure 1), and a negative correla-
tion between ITEF and BDI (Figure 2). Multiple significant
correlations between IIEF, Qmax, and RI are shown in
Figure 3.

DISCUSSION
Our results show a significant change in both IIEF and
BDI scores, and an improvement in Qmax and RI. Signifi-

cant improvement remained during the follow-up.
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Figure 1. Correlation between the adjusted maximal velocity of arte-
rial systolic flow parameters and the changes in International Index
of Erectile Function scores

Qmax - maximal velocity of arterial systolic flow score;
IIEF - International Index of Erectile Function

BD| = 8.682-0.328%x
30
o
25
20 °
15 o ° ° o
E o ° o . !
10 o o
o
] o
°
o
5N | N - 4
o o
e o o o uq_h'_‘n-'——_._g____—_hu a
e e o gogogog:::o ol'_“:“—:__
0 e o o o ©o ¢ ©
-5
4 (-} 8 10 12 14 16 18 20 22 24 26
lIEF

Figure 2. Correlation between the adjusted Beck’s Depression Inven-
tory scores and the changes in International Index of Erectile Function
scores

BDI - Beck’s Depression Inventory score;
IIEF - International Index of Erectile Function

A

Figure 3. Multiple correlation between the changes in the maximal
velocity of arterial systolic flow and resistance index values and the
changes in International Index of Erectile Function scores

Qmax - maximal velocity of arterial systolic flow score;
RI - resistance index; IIEF - International Index of Erectile Function
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Low intensity shock wave therapy is promising, al-
though the exact mechanism used by LI-ESWT to induce
the tissue changes is not known. Thanks to the release
of neo-angiogenic factors and the subsequent neovascu-
larization of the treated tissue, LI-ESWT leads to tissue
regeneration [16]. Indeed, it has been shown that this low-
intensity energy acts on vascularization, inducing a non-
enzymatic production of physiologic amounts of nitric
oxide [17]. Thus, the latest studies show that IIEF scores
increase after treatment with LI-ESW [18]. Even though
PDI-5 inhibitors represent the first-line therapy for ED by
increasing the ITEF score, they do not represent a curative
approach. The increase in IIEF does not last over time;
rather, it is strictly limited to the assumption of PDE-5 in-
hibitors. In addition, some ED patients respond poorly to
PDI-5 and need other, more invasive treatments [9, 11, 12].

After the pilot study by Vardi et al. [7], which took into
consideration the patients who had previously responded
to PDE-5 inhibitor therapy, Gruenwald et al. [10] applied
LI-ESWT to patients who had responded poorly to PDE-5
inhibitor therapy. By using the same protocol as in the first
study on 29 patients, they concluded that LI-ESWT was
again beneficial for this kind of patient, as it had a physi-
ological effect on the erectile mechanism [10].

After those preliminary studies, others were done, but
almost all studies on LI-ESWT for ED had the same dura-
tion and applied the same treatment doses. The treatment
protocol mostly considered the application of LI-ESWT
twice a week for three weeks, with re-treatment for an-
other three weeks after a three-week pause. The number of
shocks applied was almost always 300 per treatment point
with an energy flux density of 0.09 mJ/mm? [9].

A very recent study carried out at the Mayo Clinic ap-
plied low-energy shock wave therapy to alleviate renal dys-
function in renovascular disease. They treated pigs kidneys
with renal artery stenosis using low-energy shock waves
twice a week for only three consecutive weeks, without re-
peating. Twenty-six pigs were randomized to atherosclerotic
renal artery stenosis (ARAS) or normal controls, treated or
untreated with LI-ESWT. The results were amazingly posi-
tive. A three-week low-intensity shockwave therapy attenu-
ated renovascular hypertension, normalized stenotic kidney
microvascular density and oxygenation, stabilized function,
and alleviated fibrosis. This was associated with upregula-
tion of the vascular endothelial growth factor expression
that was decreased by ARAS, with increased angiopoietin-1,
and downregulation of hypoxia-induced factor-1. Moreover,
LI-ESWT improved the expression of endothelial nitric ox-
ide synthase that was diminished in ARAS. No detectable
injury to the kidney was observed [19].

The encouraging results from this and all the previ-
ous studies led us to conduct a prospective pilot study,
applying the three-week low-intensity shockwave therapy
to patients with ED in order to examine if the shortened
therapy could have the same effect as the repeated three-
week therapy.

Our primary end points were the change in ITEF-5 and
in the penile color Doppler values given through the Qmax
and RI values, as well as the BDI score.
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The IIEF-5 questionnaire is a widely accepted measure-
ment tool with a high degree of sensitivity and specific-
ity for detecting treatment-related changes in the erectile
mechanism [13, 14].

The BDI is one of the most widely used psychometric
tests for measuring the severity of depression. The BDI
was originally developed to provide a quantitative assess-
ment of the intensity of depression. As it is designed to re-
flect the depth of depression, it can monitor changes over
time and provide an objective measurement for judging
improvement and the effectiveness of treatment methods
[15]. A systematic review by McCabe [20] showed how ED
leads to poor sexual relationships and poor sexual satisfac-
tion, diminished confidence, low self-esteem, and symp-
toms of depression. After any kind of treatment, there were
significant improvements for the baseline regarding most
of these parameters, except for overall life satisfaction and
overall relationship satisfaction [20]. Although the BDI
has its limitations, as do all questionnaires, considering
that the person completing it may exaggerate or minimize
their score, we considered BDI as an important aspect of
treatment success. As far as we know, this is the first study
to date that uses BDI in evaluating the results of LI-FESWT
to treat ED.

The immediate, statistically significant increase in all
variables after the one-month follow up showed that this
shortened therapy was efficient in improving erectile func-
tion, and that the effects of angiogenesis could be clinically
important after the three-week therapy, without repeating.

The fact that the basic BDI values did not show the
presence of depression in our patients, excluded the fact
that ED was due to depression in our cohort. This also
excluded the possible placebo effect that could be expected
from our study protocol. The BDI score, although in the
normality range at basic values, lowered even more at
the six-month follow-up. The mean BDI scores changed
from 6.59 * 5.70 before treatment to 2.96 + 3.58 at the
six-month follow-up, which was statistically significant.
Patients sometimes need time to develop self-confidence
and improve general well-being after suffering depression-
like symptoms for a long time before the therapy. This
could be especially true for those patients who did not
respond to PDI-5 therapy before the LI-ESWT, and who
had lost faith in clinical improvement, considering that, to
date, PDI-5 therapy is the gold standard for treating ED.
Our results showed an immediate effect on BDI scores
after one month, which was maintained after six months
without any additional active intervention.

A positive physiological effect on cavernosal tissue is
certainly proven by hemodynamic values. As with the
Doppler findings, we witnessed an increase in Qmax at the
one-month follow-up. This increase was the greatest the
first month after treatment, with a slightly greater value at
the three-month and six-month follow-up. This represents
direct proof that the shortened course of therapy with low-
intensity shock waves improves the hemodynamic values
of the penis, and that this effect can be observed quite
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soon after treatment. Vardi et al. [7, 8] stated that most of
the treated men reported improvements in erectile func-
tion between treatment sessions 6 and 8, which is probably
the time needed for LI-ESWT to induce the physiological
changes. Nevertheless, those values remained the same
with a small but significant increase over three and six
months, which is indicative of the durability of the short-
ened treatment.

We used a scientifically tested machine that had already
been proven through ‘sham control’ to have certain positive
effects on penile hemodynamics over a longer follow-up
period. Recently, Fojecki et al. [21] showed that exposure
to two cycles of linear ESWT to treat ED was not superior
to one cycle at the six-month and 12-month follow-up. Al-
though they used a different machine with a linear probe
and a five-week treatment session, the number of shock-
waves and the energy flux density were the same.

Our patient cohort was mostly homogenous when con-
sidering cardiovascular risk factors. Three men had arte-
rial hypertension in medical therapy, one had insulin-de-
pendent diabetes mellitus, and one of the patient’s ED was
due to previous pelvic trauma. We included patients who
had responded, partially responded, or had not responded
to previous PDI-5 therapy. This is based on previous stud-
ies that showed that LI-ESWT could have beneficial effects
on both PDI-5 responders and non-responders [7, 10].

The main limitations of our study were certainly the
low number of patients and the lack of a sham-controlled
arm. Although the study population comprised only 32
men, this was sufficient to determine whether or not our
shortened treatment could have a positive physiological
effect on cavernous tissue. Bearing in mind that this was
a pilot study, and that Vardi’s first study was carried out on
a smaller patient cohort, without a sham-controlled arm,
these limitations should be considered relative. We would
like to emphasize that the most striking clinical observa-
tion was that almost every participant gave highly positive
feedback on the treatment.

CONCLUSION

The efficacy of a short course of the LI-ESWT therapy to
manage ED was confirmed. The LI-ESWT was successful
in improving symptomatic, vasculogenic and psychologi-
cal aspects of vasculogenic ED. Although additional in-
vestigations are necessary, the initial results of our study
are promising, improving the position of LI-ESWT in the
guidelines for curative treatment options for patients with
vasculogenic ED.

NOTE

This paper forms part of a doctoral thesis by Dr. Goran
Arandelovi¢ with the title “The effects of three-week low
intensity shock wave therapy on erectile dysfunction”
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EkcTpakopnopanHu yaapHU Tanacu HUCKOT MHTEH3UTETa 3a TPEeTMaH BaCKyaoreHe
epeKkTuaHe auchyHKuUmje — TpoHeAe/bHa Tepanuja Ha rpynu 6onecHuKa u3

cesepouctouHe Utanuje

lopaH ApaHhenosuh', ®egpa lotappo?, MBaH UrtbatoBuh

'bonHuua Ceetor JosaHa v Masna, KnuHuka 3a yponorujy, BeHeuwja, Utanuja;

2ULSS 6 Euganea, NMapoBa, Utanuja;
3KnuHnyKM LeHTap Hyw, KnuHuka 3a yponorujy, Huw, Cp6uja;
*YHneep3uTeT y Huwy, Meguuutckm dakyntet, Huw, Cpbuja

CAXETAK

YBog/Uwnm NHxnbutopu pocdoanectapase tina 5 (PDE5-Is)
npeAcTaB/bajy 3n1aTHU CTaHAAPA Y MefMKaMeHTO3HOj Tepa-
nuju epekTUHe guchyHKuUmje. YnpKkoc Tome, MeKkamMeHTo3-
HV TPETMaH He NpefcTaB/ba Tepanujy Kojom ce MoXe TpajHO
n3neumnTy epekTunHa aucdyHkuuja. Lnm Hawe ctyauje je nc-
nuTaTV CKpaheHy TpoHeAe/bHY Tepanujy eKCTpakopnopanHum
YAAPHMM Tanacuma HUCKOT MHTEH3MTEeTa BacKy/oreHe epeK-
TUNHe ancdyHKuje.

MeTtope Cryauja je ykibyuuna 32 6onecHrika ca MehyHapogHum
MHAEKCOM epeKTuaHe dyHKuuje namehy 5 1 20, ca notBphHeHom
BaCKyNOreHoM epeKTUIHOM AMCYHKLIMjOM Ha fonnep ynTpas-
BYKy. bonecHuum cy umanw nay3y y Tpajatby of jeAHor Mecelia
Of NPEeTX0ofHE Tepanuje 1 61nIu Cy carnacHu Aa NpeKknHy Tepa-
nujy PDE5 nHxnbutopmma y nepuogy npaherba nocne Tpetma-
Ha. [prmeHnn cMo eKCTpakopropanHe yaapHe Tanace HUCKOT
VIHTEH3UTETa y TPajatby Of TPV Heferbe, ABa MyTa HeferbHo, 6e3
noHaBJsbatba. bonecHnum cy ouerwrBaHN Npe Tepanuje, jefaH
meceLl, TPU 1 LeCT MeceL nocsie Tepanuje MehyHapoOaHVIM 1H-
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[eKCOM epeKTUiHe GyHKLWje, fonnep ynTpa3Bykom 1 bekosrm
YMUTHUKOM 3a fenpecujy.

Pesyntatu CBu ncnutaHn napametpu (MehyHapoaHU nHaekc
epekTunHe dyHKUMje, beKoB yNUTHYK 3a Aenpecujy, napa-
MeTpu Jomnyiep ynTpa3ByKa NeHnca) NoKasaam cy No3nTUBHY
CTaTUCTUYKM 3HaYajHy MPOMEHyY Nocsie camMo jedHOr Mecela
of Tepanuje. MefhyHapoaHu UHAEKC epeKTunHe GyHKUmje je
3abenexno nopacT NPBOr MeceLa Nocsie Tepanuje 1 noneo ce
Ca OCHOBHUX BpefHocTn of 12,75 + 4,62 Ha 14,87 £ 5,04 (p <
0,01). OBaj NO3MTMBaH TPEHA Ce 3afpxao Kako Ha MehyHapog-
HOM MHAEKCY epeKkTuIHe GyHKLKje Tako 1 Ha CBUM TECTUPAHUM
napameTprimMa nocse Tpy 1 WecT mecewlun npaherba.
3akmyuak CkpaheHa TpoHee/bHa Tepanyja ekcTpakopnoparn-
HVM YZApHUM TanacMma HUCKOT MHTEH3MTETa MPUMEHEHA Ha
BaCKyNnoreHy epekTuiHy ancdyHKLMjy nokasana ce KIMHUYKM
edeKTMBHOM.

KmbyuHe peun: epektunHa AnchyHKLMja; eKCTpakopnopanHm
YOAPHU Tanacu HUCKOT MHTEH3MTETa; MehyHapOAH NHAEKC epek-
TWHe GyHKUMje; fonnep ynTpasBykK; bekos ynuTHIK 3a agenpecujy
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SUMMARY

Introduction/Objective The quality of life (QL) is a modern concept of observing the outcome of the
disease and the success of the therapeutic procedure in all fields of medicine.

The aim was to assess the QL of surgically treated patients with lumbar radiculopathy (LR) at the beginning
of treatment and three and six months after the initiation of prescribed and applied medical rehabilitation.
Methods The study group included randomized and stratified sample of 50 patients treated with lumbar
microdiscectomy (LM). Conservative treatment was carried out using physical therapy procedures, and
kinetic and ergonomic therapeutic procedures and educational training program in ergonomics were
carried out in all the patients. To assess the condition of the patients, the QL and the efficacy of the
rehabilitation treatment, we used two standardized questionnaires, the Short Form Survey Instrument
(SF-36) and the Oswestry Disability Index (ODI).

Results The lowest values of the SF-36 - PCS, SF-36 — MCS, and of the ODI were recorded at the begin-
ning of the rehabilitation (PCS: 28.8; MCS: 37.8; ODI: 56.1%). The most significant improvements of the
scores were observed three months after the treatment initiation (PCS: 42.8; MCS: 45.2; ODI: 38.9%). At
six months of treatment, the scores were slightly higher (PCS: 49.2; MCS: 52.5; ODI: 23.7%) (p < 0.001).
Conclusion The QL and the functional status of patients after LM are significantly better after three and
six months in comparison with the beginning of rehabilitation, and the state for six months compared
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INTRODUCTION

The main symptom of lumbar radiculopathy
(LR) is pain in the lumbo-sacral region with
propagation to the lower extremities. The in-
tensity of the neuropathic pain depends on the
extent of the local damage and on the individu-
al characteristics of the patient and experiential
pain perception [1].

Healthy functioning and the quality of life
(QL) of patients with LR depend on the sever-
ity of the disease, the intensity of the symptoms
and on the degree of incapacity. It has been also
largely dependent on the applied therapeutic
methods and protocols. In addition, the socio-
economic implication plays a relevant role [2].
The QL provides valuable information about
functional ability, level and quality of social in-
teraction, mental state, somatic sensations, and
satisfaction with life, reflecting the definition of
health by the World Health Organization and
reflecting the previous scientific data about the
impact of the disease and treatment on disabil-
ity and daily functioning [3].

Questionnaires, as instruments for measur-
ing the QL, regarding their structure, may be
general (generic) questionnaires that are struc-
tured to express the extent of injury from the
standpoint of patients, and questionnaires for

a specific disease. The latter ones are formed
with an objective to provide a higher sensitivity
and specificity [4]. The choice of instrument
should be determined by the clinician, ac-
cording to the clinical problem and measuring
characteristics of the instrument [5].

The aim of this study was to evaluate the QL
of patients immediately after lumbar microdis-
cectomy (LM) at the beginning of the rehabili-
tation, and then after three months and after
six months of the prescribed supervised regular
physical rehabilitation treatment. For the eval-
uation, we utilized both general questionnaire
and the questionnaire specific for lumbar pain
syndrome (LPS).

METHODS

This randomized prospective clinical study
included 50 patients with LR of disc genesis
who were treated with LM. In all the patients,
rehabilitation treatment was carried out under
the regular protocol with the use of physical
therapy procedures and ergonomic physical
training.

Inclusion criteria for the patients in this
study were the following: age between 20 and
65 years, patients of both sexes, orientated in
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Figure 1. Four basic domains of the Physical Health Composite Scale
score change over six months after surgery; PF — physical function-
ing; RF - role of physical function; BP — bodily pain; GH - subjective
feeling of health

time, space and to other persons, competent to sign an
informed consent to participate in the study and with the
ability to follow and to adhere to the prescribed treatment
regimen and examination, subjects diagnosed with LPS of
discogenic etiology (LR, lumbar disc herniation) previ-
ously operated.

Criteria for non-inclusion of the patients were as fol-
lows: patients who do not meet the criteria for inclusion,
patients with diagnosed comorbidity that may affect the
current nature of the disease and the QL, participation in
other clinical research, inability to comply with the re-
quirements of the clinical trials for any reason.

A sample of the patients included in the clinical trial was
determined by simple randomization and by sorting based
on the table of random numbers taken from the regular
protocol. The total number of patients in the study period
from 2014 to 2016 who met the inclusion criteria and en-
tered the selection of research was 84 and the number of
patients who met criteria for non-inclusion was eight.

It is important to accentuate that none of the patients
who were included in the clinical trial had left the clinical
study.

The patients who were involved in the study were in-
terviewed by administering the generic Medical Outcomes
Study Short Form 36 (SF-36v2°®) and the specific Oswes-
try Disability Index (ODI) questionnaires in three specific
time periods: at the beginning of the medical rehabilitation
(immediately after surgery), three months later, and six
months after the beginning of the treatment.

SE-36v2°® contains 36 questions, issues that include the
following eight fields of the QL: physical functioning (PF),
the role of physical function (RF), the role of emotional
functioning (RE), social functioning (SF), bodily pain
(BP), mental state (MH), vitality (VT), a subjective feeling
of health (GH). By further grouping into four areas, two
summary scores were obtained: physical (PCS) and mental
(MCS). The formula for the calculation of the summary
scores included the values of all eight single domains and
four basic for each of the summary scores (Figures 1 and
2). The minimum score value was zero, and the maximum
was 100 — higher score value signifies better QL.
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Figure 2. Four basic domains of the Mental Health Composite Scale
score change over six months after surgery; RE - role of emotional
functioning; SF - social functioning; MH — mental state; VT - vitality

The ODI was generated in ten sections comprising six
questions each, and answers were ranked by the Likert
scale. The first area assessed the intensity of pain, while
the remaining nine covered disabling effect of pain pro-
duced by the typical activity: I - intensity of pain (PAIN);
IT - baseline activities of daily living (CARE); III - lift-
ing (LIFT); IV - walking (WALK); V - sitting (SIT); VI
- standing (STAND); VII - sleeping (SLEEP); VIII - work-
ing (house chore and office work activities (WORK); IX
- social life (SOCIAL); and X - travel (TRAVEL). Each
subscale was graded from 0 to 5, where higher values rep-
resented greater disability. The sum of 10 results was ex-
pressed as a percentage of the maximum score (0-100%).

Calculations were performed by using the IBM SPSS
Statistics, Version 20.0 (IBM Corp., Armonk, NY, USA)
and Health Outcomes Scoring Software 4.5, which is a pro-
gram designed for the entry and statistical processing of
statistical data about the QL of patients. Statistical analysis
comprised descriptive and inferential methods (Friedman
test, General Linear Model, Student’s t-test, Mann-Whit-
ney U-test, linear regression, Spearman’s rank order cor-
relation). In all used analyses, an alpha of 0.05 is used as
the cut-off value for significance.

RESULTS

General characteristics of the patients included in the study
are shown in Table 1. Of the total number of patients, 68%
were female and 32% male, the mean age was 47.12 + 7.63.

Disc herniation was most common at the L4-L5 (50%)
and L5-S1 (46%) levels, and just 4% of the patients expe-
rienced disc herniation at the L3-L4 level. Most patients
(80%) reported the presence of previous episodes of lum-
bar pain syndrome, while the remaining 20% of patients
denied the existence of the previous episodes.

The results of the assessment of the QL obtained by
the general SF-36v2° questionnaire and the results of the
functional capabilities obtained by the specific ODI ques-
tionnaire in surgically treated patients with LR are shown
in Table 2.
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Table 1. General characteristics of the patients (n = 50)

Characteristics Number (%) + SD
Male 16 (32)
Sex
Female 34 (68)
Age (years) Mean 47.12+7.63
No primary education 3(6)
Pri 15 (30
Education rimary - (30
Secondary / high school 22 (44)
University degree 10 (20)
Married / in a relationship 38 (76)
X Divorced/separated 3(6)
Marital status -
Widowed 2(4)
Single 7(14)
Level of discus | 2@
evel of discus
hernia L-L 25 (50)
L-S, 23 (46)
No 10 (20)
Earlier episodes | Yes, one episodes 11(22)
Yes, more episodes 29 (58)

Table 2. Results of the Medical Outcomes Study Short Form 36 and
Oswestry Disability Index questionnaire scores

Questionnaire | Admission | 3 months | 6 months | F-value* | p-value
SF-36 PCS 28.8 428 49.2 490.721 | <0.001

MCS 37.8 45.2 525 72.055 | <0.001
MCS 56.1% 38.9% 23.70% | 1341.180 | < 0.001

SF-36 — Medical Outcomes Study Short Form 36; PCS — Physical Health
Composite Scale score; MCS — Mental Health Composite Scale score;
*repeated measures ANOVA

At the start of rehabilitation, we recorded a very
low value of the PCS 28.8, while the value of the MCS
was slightly higher, but also at a low level (37.8). After
three months of rehabilitation, value of all scores on the
SF-36V2° questionnaire were significantly increased
(PCS = 42.8; MCS = 45.2), and after 6 months, the val-
ues approximately reached the levels that characterize the
general population (PCS = 49.22; MCS = 52.5). Analysis of
variance for repeated measures (RM ANOVA) showed that
the values of PCS (Figure 1) and MCS (Figure 2) scores
have significantly changed during the study (F = 490.721,
p <0.001). Both summary scores showed the greatest reg-
istered progress in the first three months from the start of
rehabilitation treatment.

Furthermore, after examining the results of the six-
month research, we found that the domains that partici-
pate in the formation of the total PCS and MCS scores
and after comparing them with the values given for the
general population in different countries, we concluded
that the values of the domains moved closer to the general
population after six months of rehabilitation. Compared
with the general population of Switzerland, Great Britain,
United States and China, a statistically significant differ-
ence (p < 0.05) was registered among the majority of the
domain, except for two domains: Switzerland (pSF = 0.26
and pVT = 0.88); United Kingdom (pSF = 0.14 and
pGH = 0.27); United States (pSF = 0.35 and pBP = 0.08);
China (pSF = 0.96 and pGH = 0.18). When compared
with the general population in Australia, a statistically
significant difference (p < 0.05) was observed in PE, RE,
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Table 3. Comparative overview of the Medical Outcomes Study Short
Form 36 scores with the general population

Results of our research General population
| Il 11} a b c d e

PF | 265 | 62 803 | 906 | 85 | 842 | 8 | 839
RF | 105 45 752 | 85.8 |81.55| 809 | 85 77.5
RE | 39.8 | 685 | 893 | 79.2 | 835 | 81.3 | 80.2 | 79.7
SF | 26 60.7 | 815 | 83.7 |8435| 833 | 814 | 82.1
BP | 119 | 53.8 71 776 | 798 | 752 | 76.6 | 71.2
MH| 48 618 | 776 | 69.2 | 73.8 | 747 | 70.6 | 73.6
VT | 28 547 | 649 | 65.1 | 58.7 | 609 | 61.7 | 57.7
GH | 524 |60.62 | 68.52 | 76.1 |70.35| 719 | 66.3 | 72.8

SF-36 — Medical Outcomes Study Short Form 36; PF — physical functioning;

RF - role of physical function; RE - role of emotional functioning; SF - social
functioning; BP - bodily pain; MH - mental state; VT - vitality; GH - subjective
feeling of health; | - admission; Il - 3 months; Ill - 6 months; a - Switzerland;

b - United Kingdom; ¢ - USA; d - China; e - Australia [6]
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Figure 3. Values of the Oswestry Disability Index score change over
six months after surgery

MH, VT, and GH domains, while in the remaining three
domains no statistically significant difference was found
(pRF = 0.16, pSF = 0.76, pBP = 0.93). The analysis of com-
parisons of the results of our research with the results in
the general population of different countries are shown
in Table 3.

Multivariate linear regression analysis showed that the
values of PCS and MCS were not significantly related with
the monitored characteristics of our patients.

Immediately after surgery, we registered a high ODI
score of 56.10%; however, each following test recorded sig-
nificant improvements in the functionality of the patients,
and the ODI score was 38.9% after three months, which
decreased to 23.7% after six months of the rehabilitation
treatment (Figure 3).

ODI domain values during six months of the follow-up
after LM are given in Table 4. The analysis of the presence
of individual responses in ODI domain Friedman’s test
revealed statistically significant differences among three
measurements (p < 0.001). The biggest improvement was
registered in the first three months from the beginning of
the rehabilitation treatment.

Multivariate linear regression analysis confirmed that
the value of the ODI were significantly associated with
marital status. In patients who were married or in a com-
mon law marriage, after controlling the effects of all other
demographic characteristics, the score was greater by 6.452
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Table 4. The mean value of domains the Oswestry Disability Index
score over six months after surgery

(I?fog;\lins Admission | 3 months | 6 months | x?value* | p-value
PAIN 2.06 1.28 0.52 85.035 <0.001
CARE 1.9 1 0.46 31.524 <0.001
LIFT 4.14 34 2.14 66.511 <0.001
WALK 2.76 1.82 0.78 46.587 <0.001
SIT 3.38 2.1 1.38 60.336 <0.001
STAND 35 246 1.86 51.228 <0.001
SLEEP 1.42 1.2 1.0 35.086 <0.001
WORK 3.22 232 1.04 28.526 <0.001
SOCIAL 24 2 17 29.925 <0.001
TRAVEL 3.16 1.9 0.9 40.880 <0.001

ODI - Oswestry Disability Index; PAIN - intensity of pain; CARE - baseline
activities of daily living; LIFT - lifting; WALK — walking;SIT - sitting; STAND
-standing; SLEEP - sleeping; WORK - working (house chores and office activi-
ties); SOCIAL - social life; and TRAVEL - travel;

*Friedman test

than the score found in patients with other marital status
(95% CI 1.508-11.397; p < 0.05). In patients who were
operated on ho had the ’single / never married’ marital
status, the score was by 7.421 lower than the score in the
same group of patients with other characteristics relating
to the marital status (95% CI 1.798-13.044; p < 0.05).
For the purpose of comparison of the assessment of
the QL with a generic questionnaire (SF-36v2°) and with
a specific questionnaire for the patients with LR (ODI), we
performed the correlation analysis of score values obtained
from both questionnaires at all three points of time and for
each particular interview. For the SF-36v2°, we used sum-
mary scores PCS and MCS, and for the ODI we used PAIN,
LIFT, WALK, WORK, and SOCIAL. At the beginning of
the treatment, the highest recorded value of the correlation
was found between PCS and PAIN (rs = -0.210; p = 0.143).
After three months of rehabilitation, the average value of
the correlation coefficient showed better agreement be-
tween the selected scores of the selected questionnaire than
at the beginning of the treatment process, hence emphasiz-
ing the need for the use of the specific questionnaire for
assessing the QL during the rehabilitation treatment. At
this survey time period, the highest value of the correla-
tion coefficient was observed between the PCS and PAIN
(rs = -0.251; p = 0.078). Six months after the beginning of
the rehabilitation, the correlation coefficient values were
approximately at the same level as at the second survey
time period, wherein the highest value of correlation was
between the PCS and PAIN (rs = -0.312; p < 0.05).

DISCUSSION

The most important goal of any society should certainly
be the health of its population and the improvement of the
QL. In regards to this, the research related to the evalu-
ation of the QL in patients affected with one of the most
common pathology is gaining the raising importance in
both clinical and population studies. The patient’s own
report is considered the gold standard for assessing the
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QL. Doward et al. [7] have compared the reports of ex-
perts from different fields relevant to the QL with patients
reports and they noted a high degree of correlation. They
concluded that the patient report was not only an indicator
of the patient’s subjective experience, but also an objective
indicator of the QL in relation to health.

A total of 50 patients participated in our study: 34 fe-
male and 16 male. In a meta-analysis carried out by Morley
etal. [8], the sample comprised 1,672 patients with LPS and
women were also more frequently presented (62%). In our
study, the average age of patients was 47.12 £ 7.63 years
and most of the patients were in the age range of 40-59
years, which is similar to demographic data presented in
other researches [9, 10]. These data support the fact that
LR affects the working population and that it has been the
reason of disability in working population. In regard to
educational attainment and marital status, the majority of
the patients were secondary and elementary educated and
married, which is consistent with other studies [11, 12].
The connection of the occurrence of LR with education and
marital status has been reflected primarily in the type of
occupation and in the psychological support of the patient
influencing the patient’s motivation to accelerate the heal-
ing. It was noted that educational attainment has no con-
nection with the development of LR, but it was related to
the level of difficulty of the physical work that the patients
had performed. Shadbolt et al. [13] concluded that family
was important for the QL, and that respondents who were
married and had children had a better general health and
physical functioning than those who were married and did
not have children and whose characteristic was having very
strong body pain. Shadbolt et al. [13] also said that people
who were not married manifested a higher degree of social
isolation than people who were married. Patients who were
not married had a bigger decrease in physical activity that is
the important component dimension of the QL [13].

The most important decision in the process of measur-
ing the QL of patients with LR has been the selection of
types of questionnaires that would be used [14]. In the
field of rheumatic diseases, the questionnaire SF-36v2° has
been proven as the most reliable questionnaire that reflects
the QL very realistically and that has a good correlation
with the physical and mental capabilities of patients, espe-
cially in patients with LPS treated with different treatment
modalities. LPS has been the most common rheumatic dis-
ease [14]. The most commonly used generic questionnaire
SF-36v2° Health Survey was an instrument in our research
[15]. Since the SF-36v2° is not sufficiently sensitive to the
changes in the QL important for people with LR, there
was a need to include a specific instrument that would
be focused on domains that were specific to LR and the
characteristics of patients with LR. The need to include the
specific questionnaire for assessing the QL of patients with
LR was pointed out by Suarez-Almazor et al. [16] - in their
research, they indicated that SF-36v2® survey does not ad-
equately reflect the changes in the health status of patients
with LPS. This statement has been notably reflected in
our study in neurological symptoms reported by patients.
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For the purposes of this study, as the questionnaire spe-
cific to the disease we used the ODI, a specific question-
naire for measuring the QL of patients with LR. It has been
a very practical questionnaire for routine clinical use since
it was designed as a multi-dimensional test. It measures
the pain and functioning, as well as the pain during the
activities causing limitations in physical activities; hence,
it can be classified as a component of serious research.

Values of PCS and MCS showed statistically significant
changes during our study. The biggest improvement was
recorded after the first three months of the treatment in
both summary scores. After six months from the start of
rehabilitation, PCS value did not exceed the standard value
of the SFS - 50 for the general US population. Lower val-
ues of PCS were justified by the severity of the damage and
by recent surgery that both contributed to physical limita-
tions in the early postoperative period as well as by applied
precautions for wounds, injury to back and reherniation.
The patient’s fear of physical activity and body movement
had contributed to lower PCS values as well. Johansson et
al. [17] reported patients’ beliefs in recovery and fears of
physical activity as leading factors. Authors recommended
that the patients with fears of physical activity should be
identified and treated appropriately.

We also concluded that the patients with psychosocial
problems more frequently shortened the time spent at work
and in other activities, were less efficient, had less atten-
tion and motivation regarding work obligations, were more
frequently nervous, in a bad mood, tired, with less energy
and less active, and more irregular in maintaining social
contacts. During the six-month follow-up period of the
patients, the MCS values showed continuous increase and
at the six-month survey period, these values exceeded the
standard value of a healthy population of the United States
- 50. When we compared the results of our research to
some other research findings, we concluded that there is no
agreement that the emotional and psychosocial factors have
a major impact on success of the treatment in patients with
LR. Johansson et al. [17] and Den Boer et al. [18] noted a
more significant psychological impact in surgical patients
when compared with nonsurgical. In contrast to these find-
ings, Boskovi¢ et al. [19] and Iles et al. [20] after studying
the psychosocial factors as predictive factors of the success
of treatment in patients with LPS and LR concluded that
depression, satisfaction/dissatisfaction with work, psycho-
logical stress, and other factors have considerably smaller
influence and that has been correlated to our research.

Unlike the SF-36v2°® survey, in which the questions re-
ferred to the time interval within the previous four weeks,
the ODI questions were related to the current status of the
patients. The average values of the total ODI score dur-
ing the examination period changed significantly in both
groups of patients, and the differences of these values three
and six months after the surgery were highly statistically
significant (p < 0.001) in comparison to the values at the
beginning.

At the start of the hospitalization (and rehabilitation)
and at three months from the start of the rehabilitation,
half of the patients responded with, “The pain is very mild
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at the moment.” This fact can be justified by the effect of
surgery and by early rehabilitation. Six months after the
beginning of the rehabilitation, we concluded that in the
majority of the patients (56%) a complete relief of pain
was achieved.

The decision that the assessment shall be made after
the first three months of the treatment was made because
it was thought that this was a long enough period for the
recovery and for the assessment of the therapeutic treat-
ment outcomes. Assessment in the later period (e.g. after
a year or more) could provide similar but also different or
inadequate results (if, for example, there was an appear-
ance — emergence — of new herniation of intervertebral
discs or other pathological changes of the spine).

The fact that the period of three months after the op-
eration is a long enough period for the assessment of the
therapeutic effect and of the degree of recovery was sup-
ported by the research carried out by Hakkinen et al. [21].
They compared the score values on the ODI questionnaire
administered six weeks after the surgery and then one year
following the surgery for LR. They proved that the results
obtained six weeks after the operation did not change sub-
stantially during the coming year.

Ability to function in terms of daily activities that was
covered by the ODI questionnaire at admission and at the
beginning of the treatment process was limited to light
activities. Three months from the start of rehabilitation,
the patients showed improvement but were still limited in
their daily activities in regard to performance (adjusting)
within proper body position. In the last survey period, the
patients were still cautious, so their answers ranged from
being rigid to avoid harder activities only, while lighter
activities within the proper body position could be per-
formed, to being able to perform heavier activities but with
additional pain. Bakker et al. [22] in the review of prospec-
tive cohort studies have confirmed that sitting, walking,
long standing in one place, as well as playing sports have
not been significant risk factors for the development of
LPS and LR, unlike most of the mechanical load of the
spine during heavier work. Bending, torsion of the torso,
and vibrations of the entire body were cited as significant
predictors [22]. Roffey et al. [23-27] and Wai et al. [28-30]
in eight systematic studies in total performed the analysis
of the influence of the mechanical factors on the appear-
ance of LPS and LR in a large number of workers in dif-
ferent professions. In these studies, the mechanical factors
that were included were prolonged sitting in an awkward
body position [23, 24], prolonged standing and walking
[25], lifting and moving of patients [26], pushing or pull-
ing [27], bending or twisting of the body during lifting of
a heavy load [28, 29], carrying heavy loads [30].

Low values of correlation coefficients in patients who
were operated on and a small correlation value of the SOC
(social functioning) ODI domain with other scores and
domains tells about the specifics of this domain and about
the evident need to assess the QL of patients with LR by us-
ing batteries of generic and specific questionnaires. General
generic questionnaires are needed to analyze appropriately
the QL of patients in comparison to the normal population
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and to compare the QL in patients with different diseases,
while specific questionnaires are needed in order to assess
in detail the health and the QL of these patients.

CONCLUSION

Given that the QL includes all aspects of life in patients who
underwent LM, we did not expect an improvement in the
first days after the operation. In further monitoring of our
patients, we recorded significantly higher values of physi-
cal functioning and functioning in emotional and social
aspects of the QL at three months and at six months when
compared to the beginning of rehabilitation, and at six
months when compared to three months of rehabilitation.

A statistically significant negative correlation be-
tween PCS and PAIN was recorded on the third repeated
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measurement. Values of domains and scores and the small
values of correlation coefficients indicate that this group of
patients feels differently after surgery and rehabilitation,
and that this observation requires more detailed analysis
and the utilization of the battery of generic and specific
questionnaires.

Medical rehabilitation and ergonomic educational

training have great importance in the planned structured
recovery of patients after LM.

Application of the appropriate questionnaires in pa-

tients with LR has been of great importance in the assess-
ment of the impact of the disease on physical, psychologi-
cal, functional, and work capacity and on the QL, and in
patients after LM it plays an essential role in the assess-
ment of the efficacy of the rehabilitation treatment and
consequently in the planning of the further management
of these patients.
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Keanuter kuBota 6onecHuka nocne J'IYMGaJ'IHe MMKpO,qVICU,EKTOMMje

Ensuc MaxmyTtoBuh'? PagocnaBa logep??, 3aHa [lonuhaHuH', KceHuja bowkoBuh

'ipxaBHu yH1Bep3uTeT y HoBoM MMa3apy, JenaptmaH 3a 6uomeaununHcke Hayke, Hosu MMasap, Cpbuja;
*YHneep3utet y Hosom Cagy, MeguuuHckm dpakyntet, Hosu Cap, Cpbuja;

*KnuHuuky yeHTap BojsoguHe, KnuHka 3a uHdektusHe 6onectu, Hosu Cap, Cpbuja;

*KnuHunykm LenTap BojBoauHe, KnuHuka 3a megnumHcky pexabunutaumjy, Hosu Cag, Cpbuja

CAMETAK

YBopa/Lum Keanutet xuBoTta (KXK) npeacraBiba caBpemeHn
KOHLLenT nocMaTpatba Ncxoaa 06orberba 1 neyera y CBUM 06-
nacTuma MeguLyHe.

Linmb je 6uo npoueHnTy KX onepatmBHO neyeHnx 6onecHrKa ca
nymbanHom pagukynonatujom (JIPM) Ha noyeTKy neyerba 1 TpU
1 LIeCT MeceLy Noce NpPonmcaHe 1 cnpoBefeHe MeguLHCKe
pexabunutaumje.

MeTtopne O6yxBaheH je paHgommU3mpaH u cTpaTnduKoBaH
y3opak of 50 605ecHVKa neYyeHnx ymbanHoOM MUKPOZMC-
uektomujom (JIMJ). Kog cBrx 6onecHnKa CpoBefjeH je KOH-
3epBaTMBHU TPETMaH NPVMeHOM GpU3MKaHUX NPOoLeaypa,
KMHe3nTepanujckmx npoLefypa u eproHoMcKe egykauuje. 3a
npoLeHy cTara bonecH1Ka, KBanuTeTa X1BOTa 1 edpeKTa pexa-

DOI: https://doi.org/10.2298/SARH171002189M

6GUnMTaLMOHOT TpeTMaHa KopurwheHa cy ABa CTaHAApAV30BaHa
ynuTHYKa — SF 36 n The Oswestry Disability Index (ODI).
Pesyntatu HajHwxe BpegHocTu SF-36 — PCS, SF-36 — MCS n ODI
3abenexeHe cy Ha NoyeTKy pexabunutauuje (PCS: 28,8; MCS:
37,8; ODI: 56,1%), nocne Tpy MeceLa 3abenexeHo je Haj3Hauaj-
Hunje nobosbluake ckopoBa (PCS: 42,8; MCS: 45,2; ODI: 38,9%),
a nocne LWeCT meceLm ckoposy cy 6unu mano Behn (PCS: 49,2;
MCS: 52,5; ODI: 23,7%) (p < 0,001).

3akmyuak KX 1 dyHKUroHanHu ctatyc 6onecHrka nocne JIMJ
3HayajHo cy 60JbM MOCIIE TPV U LWECT MeCeLy y OJHOCY Ha Mo-
yeTak pexabunuTalmje, Kao 1 Nocse WecT MeceL y OfHOCY Ha
CTakbe nocsie Tpy MeceLla.

KmbyuHe peun: nymbanHa pagmkynonaTuja; MUKPOANUCLEKTO-
MWja; KBanuTeT XunBoTa; SF-36; ODI; ncxop neversa
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Effectiveness of combined ultrasound and exercise
therapy in the treatment of carpal tunnel syndrome
- randomized, placebo-controlled investigation
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SUMMARY

Introduction/Objective The aim of the paper was to evaluate the short-term effectiveness of ultrasound
treatment procedure on defined clinical parameters and changes of electrodiagnostic parameters at the
median nerve in carpal tunnel syndrome patients.

Methods Thirty-five patients (50 hands) were randomly divided into two groups: the experimental
group (EG) (20 patients (29 hands)) and the control group (CG) (15 patients (21 hands)). Twenty sessions
of ultrasound treatment were performed over a period of seven weeks and control examination was
performed during the eighth week from the initial session. Clinical assessment parameters (pain intensity,
superficial sensibility, and Tinel sign), and electrodiagnostic parameters (motor distal latency - mDL),
median sensory nerve conduction velocity (SNCV), and median sensory nerve action potential (SNAP)
were assessed both at baseline (T1) and at control (T2).

Results There is significant improvement of pain intensity (T1 - 10.4/58.6/31; T2 - 65.5/27.6/6.9; p < 0.001)
and superficial sensibility (T1 - 3.4/69/27.6; T2 - 44.8/34.5/20.7; p < 0.001) in the EG after the treatment.
In the EG, there is significant reduction in frequency of positive Tinel’s sign (T1 - 100/0; T2 - 62.1/37.9;
p < 0.001), and mDL significantly decreased after the treatment (T1-4.7 + 1.3;T2 - 4.5+ 1.2; p = 0.007),
while SNAP (T1 -20.2 + 15.4; T2 - 24.4 + 16.5; p < 0.001) and SNCV (T1 - 36.5 £ 9.8; T2 - 42.6 + 9.7;
p < 0.001) significantly increased.

Conclusion Ultrasound treatment along with exercises have positive short-term effects and benefits
on improvement of clinical and electrodiagnostic findings in individuals with carpal tunnel syndrome.
Keywords: carpal tunnel syndrome; ultrasound treatment; clinical findings; electrodiagnostic parameters;

short-term outcome

INTRODUCTION

Carpal tunnel syndrome (CTS) represents
the most frequent compressive neuropathy of
the median nerve at the wrist level, with the
prevalence of around 0.7/10,000 of working
population [1]. Such state might be associ-
ated with a decrease in productivity, and is the
second most common cause of absence from
work between 1997 and 2010 [1, 2]. It should
be underlined that the frequency of CTS has
temporal increase, pointing to the need for
further evaluation of prevention methods and
treatment modalities [1].

Numerous non-surgical options for the
treatment of CTS were studied, among them
ultrasound (US), splinting, exercises or mobi-
lization, laser treatment, non-steroidal antiin-
flammatory drugs, corticosteroids, vitamins,
and complementary therapies [3, 4]. So far,
there are conflicting data with regard to US
treatment efficacy on improvement in patients
with CTS. Previous systematic reviews stated
that so far there is limited data, of poor quality
evidence, suggesting therapeutic effectiveness

of US in patients with CTS [5, 6]. As a thera-
peutic modality, US can be administered with
various biological effects as an adjunct modal-
ity in treatment of various musculoskeletal pa-
thology. US therapeutic effects can be obtained
via thermal (the molecular vibrations gener-
ated by acoustic waves while penetrating the
tissue) and/or non-thermal (cavitation, stand-
ing waves, and media motion) mechanisms [7,
8]. Previous experimental studies stressed that
US treatment might have anti-inflammatory
and tissue-stimulating effects via numerous
mechanisms, including modification of mem-
brane permeability, blood flow, tissue metabo-
lism, connective tissue extensibility, and nerve
function [9, 10]. Yildiz et al. [11] suggested that
US treatment effects on CTS are more likely
due to the process of pressure formation and
resolution in carpal tunnel canal, and oppos-
ing anti-inflammatory effects. It is also stated
that US treatment can influence the ability of
nerve fibers to propagate an action potential;
however, the potential physiologic mechanisms
of such function are not well understood [10].
Positive effects of US therapy on the increase
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of sensory nerve conduction velocity were reported, while
there are conflicting effects on motor nerve conductions
in terms of increase and decrease of the velocities. These
effects on motor nerve conduction velocities are possibly
due to the fact that they are intensity-dependent and might
be to a certain degree the result of the relationship be-
tween thermal and non-thermal effects [10]. Thus, further
methodologically rigorous studies are needed in order to
obtain more conclusive evidence on the optimal treatment
of patients with CTS, including the role of US therapy.

The aim of our study was to evaluate in a placebo-con-
trolled study the short-term effectiveness of US on defined
clinical parameters and changes of electrodiagnostic pa-
rameters in CTS patients.

METHODS
Patients and study design

The prospective randomized, placebo-controlled double-
blind study included 39 patients (55 hands) at baseline
with diagnosed CTS. Patients who met the inclusion cri-
teria were included in the study. Prior to inclusion in the
study, participants were informed about the study protocol
and consent was obtained. The study was conducted at
the Institute for Rehabilitation in Belgrade, Serbia, after
the study protocol had been approved by the Institutional
Review Board (number 02/2-29/2012), and was conducted
according to the Declaration of Helsinki.

The patients were randomly divided into two groups:
the experimental group (EG) and the control group (CG).
In the CG, the US probe was applied without turning the
device on. Randomization was allocated by using the
“numbered envelopes” method. Printed paper with alloca-
tion was put in aluminum foil to prevent possible transpar-
ency in strong light. Sealed envelopes were mixed. Every
enrolled patient got to pull an envelope from a pile of en-
velopes. The EG was composed of 20 patients (29 hands)
at baseline with no drop-off during the treatment. The CG
was composed of 19 patients (26 hands) at baseline with
a drop-off of four patients at random during the treat-
ment. Both patient groups followed the same rehabilitation
protocol.

Our calculations of the study power revealed that the
study has sufficient number of patients to detect a sig-
nificant difference between the groups regarding the
difference between delta motor distal latency (mDL) (1-
beta = 0.93), sensory nerve action potential (SNAP)
(1-beta = 0.86) and sensory nerve conduction velocity
(SNCV) (1-beta = 0.99) for the median nerve.

Electrophysiologic analyses

For all the patients, median and ulnar sensory and motor
nerve conduction velocities (NCSs) were determined by
Medelec Synergy, Oxford instruments, UK. Motor studies
were recorded with supramaximal stimulation at the wrist
and registration from the thenar (the abductor pollicis

‘ DOI: https://doi.org/10.2298/SARH180214050L
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brevis muscle) for the median nerve and hypothenar (the
abductor digiti V muscle) for the ulnar nerve, with a dis-
tance of 7 cm between these two sites. SNAPs of median
and ulnar nerves were recorded antidromically, with stim-
ulation at the wrist, and registration with ring-electrodes
from digit 2 and digit 4 [12-15]. For the confirmation of
CTS diagnosis, we followed recommendations for medi-
an-to-ulnar comparison studies measured on digit 4, by
stimulating both nerves at the wrist, 13 cm proximal to the
detection electrode for both sensory median evaluation
and sensory ulnar evaluation [13]. In motor and sensory
NCSs, the latency was measured from the onset of the
stimulus to the initial negative deviation, and the ampli-
tudes were measured from the baseline to the negative
peak. All measurements were performed bilaterally, and
by the same electromyographer. Hand temperature was
registered and maintained at 32-34°C. Electromyography
(EMGQ) testing was performed using a concentric needle
electrode on the abductorpollicis brevis and the abductor
digiti V muscles [12]. The patients were assessed electro-
physiologically with NCSs at baseline, and at eight weeks
after the initial assessment.

The palmar side sensitivity of the first three fingers and
half of the fourth finger was determined by the palpatoric
differentiation test of the two points. The main outcome
measures were pain intensity assessed by numeric rating
scale (NRS) (for statistical analyses, we categorized the
pain as none — NRS 0, mild - NRS 1-3, moderate - NRS
4-6, or severe — NRS 7-10) and the presence of Tinel’s
sign [16].

The same board-certified physician evaluated the clini-
cal assessment parameters at both baseline (T1) and eight
weeks after (T2) the initial assessment.

Inclusion criteria

The study included patients aged 18 years and above,
with symptoms (pain and/or numbness) in at least two
digits on one hand (digits 1-4) lasting less than one year,
no thenar atrophy, and mild to moderate CTS based on
NCSs. Patients were eligible for the study if NCSs demon-
strated any of the following: median nerve motor terminal
latency above 4.4 ms with distal distance of 7 cm, and/or
median nerve sensory distal latency above 3.5 ms with
distal distance of 13 cm, and/or median to ulnar sensory
distal latency difference from 0.5 ms and above measured
on digit 4, with or without pathological EMG findings in
the abductor pollicis brevis muscle [12, 13].

Exclusion criteria

Patients with severe CTS and with axonal loss of the me-
dian nerve confirmed by electrodiagnostic studies (absent
or low amplitude of SNAP) and/or absent or low amplitude
of compound muscle action potential, and/or presence of
denervation potentials and/or presence of neurogenic
motor unit potentials on needle EMG examination [13],
thenar atrophy, or severe pain intensity (> 7) based on the
NRS [16], were excluded from the study. Other criteria
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for exclusion from the study were pregnancy, presence of
diabetes mellitus, connective tissue disorders or arthritis
involving hand or wrist, occlusive blood vessel disease,
other neurological diseases (central and peripheral ner-
vous system diseases and traumas), hypothyroidism, B ,
vitamin deficiency, previous chemotherapy, previous in-
juries and upper limb surgery, as well as alcoholism in
the history. Individuals with the type of employment that
could be considered a risk factor for CTS, and previous
carpal tunnel release, were excluded.

Treatment protocol

Therapeutic US was administered in EG (In CG Sham
US). Probe frequency of the therapeutic dosage of US was
1 MHz, and the intensity was 1.0 W/cm?, pulsed mode
1:4, with transducer of 5 cm? (Eko Medico-Sono Din,
Electronic Design Medical, Belgrade, Serbia), and with
aquasonic gel as the couplant [17]. The US was applied in
contact over the carpal tunnel area of the skin on the volar
side of the wrist for 15 minutes. The 1 MHz frequency US
mode was used in our study due to the fact that deeper
penetration has the potential to reach the median nerve
[18]. Before study inclusion of eligible participants, the
US devise was calibrated. A total of 20 treatments were
administered in each case, with the following schedule:
10 treatments were administered once a day, five days a
week (working days only) for two weeks, followed by four
treatments every other day for two weeks, and six treat-
ments twice a week for three weeks. Control of eligible
study participants was done eight weeks after the initial
assessment. No side effects of the treatment were reported.

Individuals from the CG were not given therapeutic US
treatment, but placebo (sham) treatment without affecting
the normal ultrasonic output when the key was turned
to the “on” position (placebo US (0.0 W/cm? intensity)).

Patients in both groups were instructed to perform
nerve and tendon gliding exercises developed by Tot-
ten and Hunter [19], which they continued to perform
at home during the investigation period of eight weeks.
During tendon gliding exercises, the fingers were placed in
five positions. During the median nerve gliding exercise,
the median nerve was mobilized by putting the hand and
wrist in six different positions. During these exercises, the
neck and the shoulder were in a neutral position, and the
elbow was in supination and in 90° of flexion. Each posi-
tion was maintained for 5 seconds. These exercises were
applied as five sessions daily. Each exercise was repeated
10 times at each session.

Other treatments, such as acupuncture, physical ther-
apy, and wearing splints, were forbidden. The patients
included in the study had neither local, nor oral adminis-
tration of glucocorticoids for at least one month before or
during the investigation period. Paracetamol was allowed
for occasional pain relief, but non-steroidal antiinflamma-
tory drugs were not allowed. None of the patients reported
using paracetamol during the treatment period.

Clinical assessment and NCSs were evaluated at base-
line and at eight weeks after the initial assessment.
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Statistical analysis

Data are presented as counts (percentage) or means * stan-
dard deviations (SD) depending on the data type. Group
comparisons were performed using Pearson ¥* test, Co-
chran-Armitage test (x*test for trend) and Mann-Whit-
ney U-test. Within the group, testing was performed using
Wilcoxon signed-rank test. Data analysis was performed
in IBM SPSS Statistics, Version 20.0 (IBM Corp., Armonk,
NY, USA) statistical software. All p-values less than 0.05
were considered significant.

RESULTS

The EG was composed of 20 patients (29 hands) at base-
line, with no drop-off during the treatment, two (10%)
males and 18 (90%) females, of whom 11 (55%) patients
had unilateral and nine (45%) bilateral CTS. The EG pa-
tients’ age ranged 34-69 years (mean 53.5 + 8.3 years).
The CG was composed of 19 patients (26 hands) at base-
line, with drop-off of four patients at random during the
treatment. Therefore, we included only those (15 patients,
21 hands) who finished the study. In the CG, there were
two (13.3%) males and 13 (86.7%) females, of whom nine
(60%) with unilateral and six (40%) with bilateral CTS.
The mean age of the CG patients was 52.6 + 8.7 years
(range 35-64 years). None of the patients reported using
paracetamol during the treatment period.

In Table 1, personal characteristics and job type of the
studied individuals are presented. There were no signifi-
cant differences between the EG and the CG regarding
observed baseline parameters (Table 1).

Table 1. Frequency distributions of demographic characteristics in
patients with carpal tunnel syndrome in the ultrasound group (EG)
and the control group (CG) (the results are presented as count (%) or
mean =+ standard deviation)

Personal EG CG value
characteristics n=20(29 hands) | n =15 (21 hands) P
Age (years) 53.5+8.3 52.6 +£8.7 0.758a
Sex
Female 18 (90%) 13 (86.7%)

1.000b
Male 2 (10%) 2(13.3%)
Job type
Manual labor 9 (45%) 6 (40%)
Administrative work 6 (30%) 4 (26.7%) 0.913b
Housewife or other 5(25%) 5(33.3%)

“t-test;
b%? test

There was a significant improvement in the EG regard-
ing pain intensity after the treatment (T2), while such dif-
ference was not observed in the CG (Table 2). Significant
improvement for superficial sensibility was noticed in the
EG as well, after eight weeks (T2) (Table 2).

In the EG, there was a significant reduction in frequency
of positive Tinel’s sign between the baseline period (T1) and
eight weeks from the baseline assessment (T2) (Table 2).
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Table 2. Obtained results in patients with carpal tunnel syndrome at
baseline (T1) and after eight weeks (T2)

Subjective o 5 g b
symptoms T1(n) (%) T2 (n) (%) p-value
Pain No pain/Mild/ No pain/Mild/
intensity Moderate Moderate
3/17/9 19/8/2 %
EG 10.4/58.6/31 65.5/27.6/6.9 <0001
1/14/6 2/15/4
G 4.7/66.7/28.6 9.5/71.4/19 0.083
p-value? 1.000 <0.001* -
Superficial | normal/weakened/ | normal/weakened/ _valueb
sensibility extinguished extinguished P
1/20/8 13/10/6 %
EG 3.4/69/27.6 44.8/34.5/20.7 <0001
1/14/6 1/14/6
G 4.8/66.7/28.6 4.8/66.7/28.6 1.000
p-value® 1.000 0.021* -
Tinel sign positive/negative positive/negative | p-value®
29/0 18/11 <
EG 100/0 62.1/37.9 <0.001
0/21 0/21
G 0/100 0/100 1000
p-value? <0.001* < 0.001 -

CG - control group; EG - experimental group

*statistically significant;
2between groups;
bwithin groups

Table 3. Electrodiagnostic findings at baseline (T1) and after eight
weeks (T2) (means + standard deviations)

f;:1j§f;:1i T1 T2 p-value® Delta
mDL (2nd finger)

EG (ms) 47+13 45+1.2 0.007* 0.2+0.3
CG (ms) 50120 50120 1.000 0
p-value? 0.794 0.536 - 0.009*
SNAP (2nd finger)

EG (uv) 20.2+154|244+£16.5| <0.001* 50+3.7
CG (uv) 174+124 | 179+ 141 0.151 0.6+5.6
p-value® 0.758 0.164 - 0.002*
SNCV (2nd finger)

EG (m/s) 365198 | 426+9.7 <0.001* 6.9+3.2
CG (m/s) 353+94 | 366+9.8 0.086 13+29
p-value® 0.690 0.047* - <0.001*

CG - control group; EG - experimental group; mDL — motor distal latency;
SNAP - sensory nerve action potential; SNCV - sensory nerve conduction
velocity;

*statistically significant;

2between groups;

bwithin groups

In Table 3, electrodiagnostic findings at baseline (T1)
and after eight weeks (T2) are presented. There was a
significant reduction in mDL values in individuals of the
EG, while a significant increase in SNAP and SNCV were
noticed in individuals of the EG. A significant increase in
SNCV was noticed in individuals of the EG when com-
pared with CG individuals, eight weeks after initial assess-
ment (T2). For all evaluated electrodiagnostic parameters
(distal latency, SNAP, and SNCV) there were significant
differences in delta values between the EG and the CG.

DOI: https://doi.org/10.2298/SARH180214050L
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DISCUSSION

In our placebo-controlled study, we aimed to evaluate the
short-term effectiveness of US on defined clinical param-
eters and changes of electrodiagnostic parameters in CTS
patients. We demonstrated after the treatment (T2) signifi-
cant improvement in pain intensity and superficial sensi-
bility in the EG group versus the CG group. Furthermore,
in the EG, we noticed significant reduction in frequency
of positive Tinel’s sign between baseline period (T1) and
eight weeks from the baseline assessment (T2).

In a recent Cochrane Systematic Review, it was sug-
gested that for those individuals who are experiencing
mild to moderate symptoms of CTS, therapeutic US may
be offered. However, the effectiveness and duration of the
benefit of such an intervention remain unclear [5].

In a systematic review of O’Connor et al. [20], it was
pointed out that US treatment in patients with CTS over
the course of two weeks is not considered to be beneficial,
while in other studies such treatment was shown to be
beneficial in improving symptoms after seven weeks [4,
11]. Ebenbichler et al. [17] also stressed positive short-
term effects and even suggested satisfying medium term
effects for patients with mild to moderate idiopathic CTS.

Our findings are consistent with the studies reporting
positive effects of US therapy in CTS patients regarding
symptoms’ improvement over the period of eight weeks
[4, 11]. Our study showed that the proportion of those
individuals with CTS with mild to moderate degrees of
pain intensity significantly decreased, while those with
no pain symptoms increased. This is also true for those
with impaired superficial sensibility. Regarding the pres-
ence of Tinel’s sign, a significant reduction in frequency
of those individuals with the positive sign was found in
the EG group.

We noticed a reduction in frequency of mild pain inten-
sity symptom by almost one half, while the percentage of
patients with moderate pain intensity was reduced almost
three-fold. However, greater decrease in the frequency of
superficial sensibility was noticed for those with a weak-
ened degree (50%) than for those with extinguished degree
(around 25%). These trends imply that in severe cases, US
treatment might have more effect on the pain symptom
rather than on superficial sensibility.

Because of possible positive effects of US on nerve
function and regeneration, as previously mentioned, sig-
nificant changes in electrodiagnostic evaluation might be
absent despite the significantly positive effects on symp-
tom improvements. In the study by Yildiz et al. [11], it was
explained that such effects might be due to the fact that
electrodiagnostic studies predominantly measure conduc-
tion of A fibers, while C fibers, which are responsible for
somatic pain, are more sensitive to US treatment. It should
also be stressed that prolonged compression in the carpal
tunnel canal might lead to the loss of axons along with
demyelination, thus disabling significant improvement
particularly in the amplitude increase, and in cases with
severe axonal losses disabling improvement in conduction
velocities as well. Thus, for patients with CTS, early and
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adequate diagnosis with a timely and adequate treatment
modality is needed for optimal outcome.

Our results regarding electrodiagnostic evaluations in
CTS patients treated with US therapy are consistent with
previous reports. We obtained a significant reduction in
distal latency values in the EG, along with a significant
increase in SNAP and SNCV parameters in the EG, thus
suggesting positive effects of US treatment on electrodi-
agnostic findings.

The limitation of the study refers to the number of partic-
ipants — thus, further studies on larger samples are advised.

The necessity for further research of potential benefits
of non-surgical treatment options for individuals with
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EdeKTn KoMOMHOBAHOT YNTPa3BYKa U KUHE3UTEpanuje y Tepanuju CMHAPOMA
KapnanHor TyHena — paHA0MMU30BaHO, NNaLEe60-KOHTPOIMCAHO UCNUTUBAE

Munuua Jlazosuh'2, Mupjasa Kounh?, Mapuja Xpkosuh'?, [lejaH Hukonuh'#, eaHa Metponnh',
Onugepa Wnuh-CrojaHosuh'?, Tamapa Gunnnosuh'? VeaH ConpatoBuh!

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2/ HcTUTYT 3a pexabunutauujy, beorpag, Cpbuja;
3Ynusepautet y Huwy, MeguumHckm dakyntet, Huw, Cpbuja;

*YHuBep3uTeTCKa Aevja KnuHuKa, Cnyxba drsnkanHe meanumHe u pexabunutauuje, beorpap, Cpbuja

CAXETAK

YBoa/LUnm Linm paga je 6vo ga ce ucnutajy KpaTKopoUHu
edeKTn ynTpasByyHe Tepanuje Ha oapeheHe KNMHUYKe Napa-
MeTpe 1 MPOMEHEe eNeKTPOANjarHOCTUYKMX NapameTapa cpe-
OVLLHET XKMBLA pyKe (n. medianus) Kof 60necHyKa ca CMHAPO-
MOM KapmnaJiHor TyHena.

MeTtopge Tpugecet net 6onecHuKa (50 pyKy) METOROM CiyyajHOT
Y30pKOBaH-a je Nofe/beHo Y ABE rpyre: eKcreprMeHTanHa rpyna
(ET) (20 6onecHuKa — 29 pyKy) v koHTponHa rpyna (Kr) (15 6onec-
HuKa - 21 pyka). [prmetbeHo je 20 cecuja ynTpasByyHe Tepanuje
TOKOM ceflaM Heflerba U CNpOBeieHa je KOHTPOsa TOKOM OcMe
Hefiesbe o noyeTKa Tepanuje. MpaheHwn cy KNMHUYKK Napame-
TpW (MHTEH3UTET 60s1a, NOBPLUVMHCKM CEH3UOUNUTET 11 TUHENOB
3HaK), eNeKTPOAMNjarHOCTNYKM NapameTpy (MOTOpHa ANCTanHa
nateHua - m[J1), ceH3opHa 6p3rHa npoBohetba n. medianusa
(CBIM) 1 ceH30pHM aKUMOHN HEPBHU MOTEHLMjan n. medianusa
(CAHTI) Ha noyeTky TpeTMaHa (T1) 1 Ha KoHTponu (T2).

DOI: https://doi.org/10.2298/SARH180214050L

Pesyntatu [lowsno je fo 3HayajHOr Mobosbluatba y NHTEH3N-
Tety 6ona (T1 - 10,4/58,6/31; T2 - 65,5/27,6/6,9; p < 0,001)
1 cynepduuumjanHor ceHsmbunuteta (T1 - 3,4/69/27,6; T2 -
44,8/34,5/20,7; p < 0,001) y E nocne Tepanuje. Y EI je youeHo
3HauajHO CMatbere y y4yecTanocT No3UTUBHOr THenosor
3Haka (T1 - 100/0; T2 - 62,1/37,9; p < 0,001), u mJ1 je 3Hauaj-
HO CHKeHa nocne Tepanuje (T1-4,7+1,3;T2-45+1,2;p=
0,007), pok cy CAHIM (T1-20,2+ 15,4, T2 - 24,4+ 16,5; p < 0,001)
nCBIM(T1-36,5+9,8;T2-42,6 +9,7; p < 0,001) 3HauajHO BERN.
3aK/byyaK YnTpa3ByyHa Tepanuja ca KuHe3uTepanvjom uma
KOPUCT 1 MO3UTUBHE KPAaTKOPOUHe epeKTe Ha MobosbLIae
KIVHUYKUX U €NEKTPOAMjarHOCTUYKIMX MapameTapa Kof 0coba
Ca CMHAPOMOM KapnasiHor TyHena.

KrbyuHe peun: CcMHAPOM KapranHor TYHena; ynTpa3ByyHa Te-
panuja; KNMHWUYKN NapaMeTpy; eNeKTPoaMjarHOCTUYKI napa-
MeTpU; KPaTKOPOUHU UCXOA
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Oral rehabilitation of a patient with systemic lupus
erythematosus using implant-supported fixed
dentures — a case report with review of important
considerations

Vladimir S. Todorovi¢', Marija S. Mili¢', Miroslav Vasovié?, Zivorad Nikoli¢?

'University of Belgrade, School of Dental Medicine, Belgrade, Serbia;
2University of Kragujevac, Faculty of Medical Sciences, Department of Dentistry, Kragujevac, Serbia;
3University Business Academy, Faculty of Dentistry, Pancevo, Serbia

SUMMARY

Introduction Systemic lupus erythematosus (SLE) is a chronic autoimmune inflammatory disease with
a variety of oral manifestations (dry mouth, reduced salivary flow, painful mucosal lesions and restricted
mouth opening, impaired oral hygiene maintenance), as well as possible far-reaching systemic implica-
tions. In the context of SLE, oral rehabilitation with dental implants might be the most appropriate solu-
tion. However, a lack of available literature, as well as the absence of treatment protocols, often leads to
unsatisfactory management of these patients.

The aim of this paper was to describe oral rehabilitation of a patient with SLE using dental implants and
fixed dentures in both jaws.

Case outline A 66-year-old female patient, who had suffered from SLE for over 30 years, was referred for
oral rehabilitation as her chief complaints related to the existing mobile partial dentures in the jaws and
poor chewing ability. Proposed oral rehabilitation with fixed dentures supported by six dental implants in
the maxilla and four dental implants in the mandible, as well as prosthetic restoration of the mandibular
teeth, was accepted by the patient. During the follow-up period of three years, no biological complica-
tions were observed related to the performed treatment.

Conclusion Dental implants might be the most suitable treatment modality for oral rehabilitation of

patients suffering from SLE.

Keywords: dental implants; oral rehabilitation; systemic lupus erythematosus

INTRODUCTION

Systemic lupus erythematosus (SLE) is a
chronic, autoimmune, inflammatory disease
with multiple organ involvement and a broad
spectrum of clinical manifestations, including
mucocutaneous, cardiac, renal, pulmonary, and
musculoskeletal complications [1]. The hall-
mark of this relapsing and remitting disease is
the production of autoantibodies and immune
complexes, with a consequent inflammatory
response that may lead to cell death and organ
failure [2].

Orofacial structures and functions may
be adversely affected in the presence of SLE.
Intraoral manifestations are most frequently
presented as painful erythematous erosions,
ulcerations and/or leukoplakic areas, localized
on buccal, labial, lingual or palatal mucosa
[1-3]. The most frequent complaints include
xerostomia and burning mouth syndrome,
while desquamative gingivitis, marginal gin-
givitis, and periodontitis are among common
findings [1, 3-6]. Musculoskeletal complica-
tions may involve painful temporomandibular
joint dysfunction, with possible repercussions
on intraarticular mechanics. Additionally, im-
munosuppressive therapy, including cortico-

steroids and cytotoxic agents, poses a risk of
inducing osteoporosis and altered immune
response, with an increased susceptibility to
oral infections [3]. Regarding reduced salivary
flow, painful mucosal lesions may develop and
impair oral hygiene regimen; often associated
with restricted mouth opening and possible ad-
verse effects of immunosuppressive therapeutic
agents. Therefore, providing satisfactory oral
rehabilitation of patients with SLE might prove
challenging.

The main objective of this paper was to pres-
ent the case of a patient with SLE, for whom
oral rehabilitation with implant-supported
tixed dentures was chosen as a treatment mo-
dality for partial edentulism. Considerations
in regard to SLE complications and their pos-
sible impact on oral rehabilitation with dental
implants were also discussed.

CASE REPORT

A 66-year-old female patient was referred for
oral rehabilitation as her chief complaints re-
lated to the existing mobile partial dentures
in jaws and poor chewing abilities. Medical
records showed that the patient had suffered
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from SLE for over 30 years. Treatment modality for SLE
included 400 mg of hydroxychloroquine per day (Plaque-
nil, 200 mg tablets; Sanofi- Aventis, London, UK). Also, the
patient was diagnosed with antiphospholipid syndrome
treated with low doses of acetylsalicylic acid (Aspirin, 81
mg tablets; Bayer Pharma AG, Leverkusen, Germany; one
tablet daily). Regarding other significant comorbidities,
the patient had suffered from diabetes mellitus type 2
(DMT?2) for 25 years. Metabolic control regarding DMT?2
was satisfactory with glycosylated hemoglobin level < 8%,
without microvascular and macrovascular complications
registered in the patient’s medical record, and DMT?2 ther-
apy consisted of diet, oral hypoglycemic agent metformin
(Glucophage SR, 750 mg tablets; Merck Pharmaceuticals,
UK; two tablets daily) and long-acting insulin analogue
(Lantus SoloStar 100 unit/ml solution, Sanofi- Aventis;
36 units daily). A further daily therapy regimen included
nifedipine with extended release (Adalat LA, 60 mg tablets;
Bayer House, UK; one tablet daily) and atenolol (Atenolol,
50 mg tablets, Actavis, UK; one tablet daily) for essential
hypertension treatment, as well as calcium + vitamin D,
supplements (Calcium 600 mg +D,, 600 mg - 200-unit
tablets; Major Pharmaceuticals, Livonia, MI, USA; one
tablet daily) for osteopenia.

Extraoral clinical inspection did not demonstrate facial
skin involvement. Intraoral clinical examination presented
characteristic bilateral discoid and pigmented lesions in-
volving buccal mucosa, reddened tongue with atrophy of
the filiform papilla and sore mouth, with no ulcerations
observed (Figure 1). The patient complained of symptoms
similar to burning mouth syndrome (BMS), especially
when consuming acidic or spicy food, difficulties in swal-
lowing, and dry mouth. However, after salivary flow mea-
surement according to the protocol described by Speight
et al. [7], the obtained unstimulated saliva flow rate was
0.2 mL/minute. A problem with limited mouth opening
was also reported by the patient, as well as the slight pain
in the temporomandibular joints (TM]) while chewing.
Clinical examination of the TM]J did not reveal signs of
dislocation, subluxation, or crepitation during mandibular
movements. Maximal inter-incisal distance was 24 mm. In

Figure 1. Intraoral manifestations of systemic lupus erythematosus

DOI: https://doi.org/10.2298/SARH170912209T

Todorovi¢ S. V. et al.

the maxilla, only two teeth were present (the second molar
and canine on the left side); in the mandible, both central
and lateral incisors were present, as well as the canine and
second premolar on the left side.

Periodontal examination in the maxilla revealed se-
vere bone loss, furcation involvement, and pathological
mobility of the second molar, while the canine exhib-
ited pathological mobility (an average probing depth of
6.73 mm), and both were determined as irrational for fur-
ther treatment. In the mandible, gingivitis was present for
an average probing depth of 1.62 mm. Moreover, bleeding
on probing was observed in both maxillary teeth, as well
as in central and lateral incisors on the right side in the
mandible.

After taking into account medical history and intra-
oral status, proposed oral rehabilitation with fixed den-
tures supported by six dental implants in the maxilla and
four dental implants in the mandible, as well as prosthetic
restoration of the mandibular teeth, was accepted by the
patient.

Preoperative treatment

The patient underwent the hygienic phase of periodon-
tal treatment, including extraction of the teeth that were
determined as irrational for treatment (maxillary molar
and canine) and scaling and polishing of the remaining
teeth; root debridement was also done under local anes-
thesia (the left canine and the right lateral incisor in the
mandible). Additionally, chlorhexidine 0.12% solution
was prescribed to the patient to rinse twice daily for four
weeks. The patient was advised not to wear partial den-
tures two weeks prior to surgery. After the hygienic phase
and a four-week observation period, teeth preparation in
the mandible was performed and temporary polymethyl
methacrylate crowns were delivered.

On the morning of the surgical procedure, fasting plas-
ma glucose level was determined and the obtained value
was 6.9 mmol/L. The patient also confirmed that she regu-
larly took prescribed therapy for autoimmune, metabolic,
and cardiovascular disorders.

Surgical procedure

The surgical procedure was performed under local anes-
thesia. Previous partial dentures were modified and used
as a template in order to more precisely transfer prosthetic
planning during implant insertion. Midline crestal inci-
sion was performed in the maxilla; the mucoperiosteal
flap was elevated and six implants (Straumann® Standard
Plus, SLA, Basel, Switzerland) were installed according to
manufacturer instructions in positions 16, 14, 12, 22, 24
(4.1 mm in diameter; 10 mm in length), and 26 (4.8 mm
in diameter; 6 mm in length). In the mandible, in the same
manner, four implants (Straumann® Standard Plus, SLA)
were placed in positions 46, 45 (4.8 mm in diameter; 6
mm in length), 43 (4.1 mm in diameter; 10 mm in length)
and 36 (4.8 mm in diameter; 8 mm in length and 6.5 mm
platform). Appropriate healing abutments were positioned
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Figure 2. Postoperative panoramic X-ray

and the wounds were closed with monofilament sutures.
No complications were observed during the surgery. A
control panoramic X-ray was obtained immediately after
surgery to ensure adequate implant placement (Figure 2).

Postoperative treatment

The postoperative regimen included antimicrobial therapy
with 1 g of penicillin (Panclav, Hemofarm A.D., Vrsac,
Serbia) with probiotic prophylaxis, twice daily for five
days and an antiseptic mouthwash (chlorhexidine 0.12%
solution) twice daily for ten days. For postoperative pain
control, rescue analgesics (Diclofenac Duo®, 75 mg, Phar-
maswiss, Nové Mésto, Czech Republic) were advised. The
postoperative course proved uneventful and sutures were
removed after eight days. A provisional denture was de-
livered for the upper jaw.

Prosthetic treatment

In the mandible, both central incisors were extracted due
to unsuccessful endodontic treatment. Definitive implant-
supported fixed denture in the maxilla, and two implant-
and one tooth-supported fixed restorations in the man-
dible were delivered nine months after surgery, following a
delayed implant loading protocol. Inter-arch distance was
determined precisely, having in mind the TM] problems
that were previously detected. Bilaterally balanced occlu-
sion was obtained during eccentric movements in order
to minimize lateral forces.

During the 36-month follow-up period, no major com-
plications occurred (Figure 3). After nine months, ceramic
chipping was observed on one tooth, which was repaired
during the same visit. Periodontal examination revealed no
gingivitis, periodontitis, or periimplantitis. Additionally, the
patient reported no subjective symptoms such as a burning
sensation or difficulty in eating, and overall improvement
and satisfaction with fixed restorations were noticeable.

DISCUSSION

Implant treatment for patients suffering from SLE is not
documented to a satisfactory extent in current literature.
Moreover, no clear clinical guidelines are available regard-

ing this topic, which can lead to possible mistreatment of
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Figure 3. Panoramic X-ray after three years

patients. In this paper, the case of uneventful installation
of dental implants and successful prosthetic rehabilitation
of a patient with SLE was presented, and specific consider-
ations with which a dentist should be familiar when treat-
ing such patients were pointed out.

Pathogenesis of SLE includes deposition of autoim-
mune antibody complexes in the connective tissue of
various organs with subsequent immune response, and
almost 90% of those affected are women ranging from
young to middle age [8]. The presence of SLE may impair
orofacial structures and functions in various ways. Major
complaints include xerostomia, burning and tingling of
oral mucosa, and painful mucosal lesions [1]. A patient’s
discomfort is aggravated by mobile dentures that constant-
ly irritate oral mucosa, thus leading to a poorer quality of
life. In the presented case, typical bilateral, painful mucosal
lesions localized on buccal mucosa were confirmed, with
symptoms of xerostomia and sore mouth, as well as the
presence of unsatisfactory mobile dentures. Xerostomia,
as the most common oral symptom in patients with SLE,
is attributed secondarily to Sjogren’s syndrome, but this
diagnosis was not confirmed from the patient’s medical
chart [9]. Although the patient reported a subjective feel-
ing of dry mouth, hyposalivation was not confirmed by
measuring the resting saliva flow, since the obtained saliva
volume was higher than 0.1 ml/minute. In this case, the
presence of SLE was accompanied by long-term DMT2,
which could also contribute to the aggravation of orofa-
cial symptoms. It is reported that DMT2 by itself, due to
underlying neuropathic and microvascular changes in oral
tissues, may cause xerostomia, salivary gland dysfunction,
periodontal disease, tooth loss, TM]J dysfunction, and
burning and tingling of oral mucosa [10-14].

SLE may affect TM] in up to 60% of patients, with pain-
ful and limited mouth opening [15]. The patient reported
only slight pain bilaterally during mandibular movement
with decreased interincisal distance. The observed condi-
tion was most probably due to tooth loss and inadequate
interocclusal dimension achieved with previous remov-
able dentures, rather than SLE itself, since mouth open-
ing improved and interincisal distance increased after oral
rehabilitation to 26 mm during the follow-up period. Also,
the patient reported improvement in chewing, while pain
during TM] movement gradually disappeared.

Frequent systemic complications of SLE include Lib-
man-Sacks endocarditis, which may be present in up to
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50% of patients. Deposition of autoimmune complexes in
the endothelium of cardiac valves leads to nonbacterial
thrombotic endocardial lesions, which may be colonized
during transient bacteremia [16]. Therefore, oral surgi-
cal treatment of such a patient would require antibiotic
prophylaxis. Since there was no endocardial involvement
recorded in the patient’s medical chart, antibiotic prophy-
laxis was not performed. However, the usual postoperative
antimicrobial regimen was prescribed.
Antiphospholipid syndrome, also known as a lupus
anticoagulant syndrome, is an autoimmune prothrom-
botic disorder with deep venous thrombosis as the most
frequent clinical manifestation. SLE is the most common
cause of secondary antiphospholipid syndrome, since
it affects 30-60% of patients suffering from SLE [17].
Thrombotic tendency in venous, arterial, or microcircu-
latory vascular beds is a consequence of antibodies binding
with the phospholipids in the platelets’ membrane, lead-
ing to increased activation and aggregation of platelets.
The patient was treated daily with 81 mg of Aspirin, since
these low doses (up to 100 mg per day) are effective in
the prevention of thromboembolic episodes [17, 18]. Ad-
verse bleeding events were not observed intraoperatively
or postoperatively, and hemostasis was obtained with usual
local hemostatic measures. During outpatient dental sur-
gery, it is not recommended to interrupt low-dose Aspirin
therapy in patients at risk of thromboembolic events, since
local hemostatic measures are usually effective if intraop-
erative or postoperative bleeding occurs [19].
Osteopenia and osteoporosis are considered a signifi-
cant comorbidity of SLE and decreased bone mineral den-
sity may be present in up to 67% of women with SLE [20].
Corticosteroid therapy is regarded as one of the major
risk factors, but other factors such as early menopause,
renal impairment, low levels of vitamin D, lupus dura-
tion and older age may also contribute to the risk [21]. In
the presented case, where the patient also suffered from
osteopenia, SLE was treated with an antimalarial agent,
and corticosteroids were not included in regular therapy.
Antimalarial therapy is proven to be safe with respect to
spine and hip-bone mineral density in female patients
with SLE, although there is no data available concerning
the impact of antimalarials on jaw bone metabolism [22].
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OpanHa pexabunurauuja 601ecHUKa ca CUCTEMCKUM epUTEMATO3HMM JIyNyCoM
GUKCHUM 3y6HMM Haf0KHaAaMa Ha 3y6HMM MMNAAHTAaTUMA — NPUKA3 CayYaja U

nperneg, 3HauyajHUX ca3Hakba

Bnagumnp C. Togoposuh', Mapuja C. Munuh', Mupocnas Bacosuh?, XXnsopag Hukonmh?

'YHuBep3uteT y beorpagy, CromatonoLuku dakyntet, beorpag, Cpbuja;

*Yuneepautet y Kparyjesuy, MeauuuHckun dakyntet, Oferberbe 3a ctomatonorujy, Kparyjesau, Cpbuja;
3YHuBep3uTeT MpuBpenHa akagemuja, Cromatonoluku GpakynteT, MaHuyeso, Cpbuja

CAXETAK

YBop Crictemckun eputematosnm nynyc (CJIE) jecte XpOHWMYHO
ayTOVMYHO 060JberE Ca Pa3NNYUTIM CUCTEMCKIM 1 OPaiHUM
MaHudecTaumjama (Kcepoctomuja, 60MHe Cly30KOXHe nesuje
1 60NHO OTBapatbe yCTa, OTeXaHO CnpoBohetbe afeKkBaTHe
OpasiHe XMTujeHe), Kao N Moryhm cMcTeMCKM KOMMMKa-
unjama.

OpanHa pexabunutaumja 6onecHrka ca CJIE duKcHUM 3y6HUM
HaloKHafiaMa HOLIEHUM 3yOHIM MMMIaHTaTIMa MOXe npef-
CTaB/baTV HajNpPUKNagHWju BUA Tepanuje. MehyTum, ycneg
orpaHuYeHnx MHPopmMaLja 13 [JOCTYMHe IUTepaType, Kao 1
HefloCTaTKa Tepanmjckrx NPOTOKONA, W JaHac ce y MpaKcm OBy
60N1eCHMLN HealeKBAaTHO NPOTETCKM 36pritbaBajy MOOUIHUM
HaJloKHafama.
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Linms oBor papa je 6uo fa npukaxe 6onecHuuy oboneny og CJIE
Koja je 36puHyTa GUKCHUM 3y6HUM HaflOKHalama HOLLEHUM
3yOHMM UMMNaHTaTMMa y 06e BunuLe.

Mpukas 6onecHnKa XeHa, 66 roguHa CTapa, ca eBoyLujom
CJ1E op 30 roamHa, ynyheHa je Ha opanHy pexabunutauujy 36or
npobnema ca MOOGMIHIM NapLjanHM NpoTesama obe BunvLe
1 HemoryhHOCTM XBaKatba. [prxsaTuna je npenopyyeHy opan-
Hy pexabunuTaumjy ca WecT AeHTalHKX UMMNIaHTaTa y ropH0j
1 YeTpw y foH0j BUunmuuy. Tokom neprofa npahera of Tpu
rofVHe HICY youeHe GMOosOoLLKe KomnanKaLyje.

3aksbyyvak Tepanuja 3y6HVM MMNIaHTaTMa ce MOXe cMaTpaTu
Haj60/bUM TepanujCKUM MOLANINTETOM Y OPasHOj pexabunuTa-
upjn 6onecHrka obonenux og CJIE.

KmbyuHe peun: 3y6H/ nMnnaHTaTi; opanHa pexabunurtauuja;
CUCTEMCKMN epUTEMATO3HN Nynyc
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Diagnostic dilemmas of Rasmussen’s encephalitis in
adults

Sladana Andeli¢
Municipal Institute for Emergency Medical Care, Belgrade, Serbia

SUMMARY

Introduction Rasmussen’s encephalitis (RE) represents a rare, progressive, and inflammatory disease of
the brain. Its detection in adults is a great challenge in clinical medicine.

The aim of this paper is to highlight the diagnostic dilemma of RE in adults.

Case outline A 46-year-old woman was hospitalized due to persistent intense diffuse headaches, followed
by nausea and the urge for vomiting that made her wake up during the night. On several occasions,
she had transitory speech and memory disorders, and right hand numbness. Magnetic resonance (MR)
imaging findings were as follows: occipitoparietal left in the deep white matter, as well as subcortical
T2/flair white matter hyperintensities, T1-hypointense change involving the corpus callosum. MR spec-
troscopy showed an increased level of choline/creatinine (Cr) (2.12), a reduction of N-acetylaspartate/
Cr (1.27), an increased level of myo-inositol/Cr (1.20), and the presence of lactate. The patient refused
lumbar puncture. Due to the described changes close to the speech center, cerebral biopsy was not
taken. Even after five years, MR and spectroscopic findings are unchanged, while the clinical condition
remains stable and unchanged.

Conclusion This case highlights the diagnostic dilemmas that arise in adult-onset RE and suggests that
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this diagnosis should be considered in patients of any age with the appropriate clinical picture.
Keywords: Rasmussen’s encephalitis; adult; diagnostic; dilemma

INTRODUCTION

Rasmussen’s encephalitis (RE) represents a
rare, progressive, and inflammatory disease of
the brain. Its detection is a great challenge in
clinical medicine. It is usually associated with
intractable motor seizures, mainly focal sei-
zures, epilepsia partialis continua (EPC), and
progressive cognitive impairment with hemi-
paresis, as well as with language and cognitive
disorders [1].

The disease was originally described by
Rasmussen et al. [2] in 1958. According to
the author’s opinion, the first RE attack most
frequently occurs during childhood period
between the first and the 11th year of life in
previously healthy children. Forty years later,
cases of chronic encephalitic epilepsy in adults
and adolescents, independent of gender, were
presented as RE variants [3]. The oldest patient
presented in the literature was a 54-year-old
female from Australia [4].

The greatest enigma connected with RE is
the etiological basis of the disease. The most
recent attempts in the identification of patho-
genic viral agents are incomplete and contra-
dictory. A great number of researches involves
the identification of antibodies responsible
for the development of RE. Rogers et al. [5]
published a hypothesis that the antibody has a
major etiological role against glutamate/ AMPA
subunit 3 receptor (GluR3). This theory is
based on the fact that rabbits vaccinated with

GluR3 antibodies show similar clinical features
as patients with RE. However, neither GluR3
nor other antibodies have been detected in all
RE patients and are not strictly specific to RE
but could also be found in other types of severe
epilepsies. Today, autoimmune hypothesis of
RE is presented more often due to transitory
efficiency of plasmapheresis or other immuno-
modulatory drugs in the RE treatment [6]. At-
tempts to prove a genetic cause of this disease
were also unsuccessful. In contrast from its un-
clear etiology, there are four various pathogenic
forms defined by brain biopsy findings [7].

Diagnosis is based on electroencephalogram
(EEG) and magnetic resonance imaging (MRI)
tindings, as well as on clinical and/or histologi-
cal characteristics. Bien et al. [8] (European
Consensus Group) suggested diagnostic crite-
ria for RE (Table 1).

Evaluation of the disease requires neuroim-
aging such as positron-emission tomography
(PET), single-photon emission tomography
(SPECT), or spectroscopic magnetic resonance
imaging (sMRI). The listed methods are invalu-
able in the diagnostics and the follow-up of RE.

The aim of this paper is to highlight the di-
agnostic dilemma associated with RE in adults.

CASE REPORT

We present a case of a 46-year-old female, right-
handed, hospitalized at the Institute for Neuro-
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Table 1. Diagnosis criteria according to the European Consensus Statement [8]; Rasmussen’s encephalitis can be diagnosed if either all three
criteria of Part A or two out of three criteria of Part B are present

Part A 1. Clinical 1. Focal seizures (with or without EPC) and unilateral cortical deficit(s)
2. EEG 2. Unihemispheric slowing with or without epileptiform activity and unilateral seizure onset
3. MRI 3. Unihemispheric focal cortical atrophy and at least one of the following:
Grey or white matter T2/FLAIR hyperintense signal
Hyperintense signal or atrophy of the ipsilateral caudate head
Part B 1. Clinical 1. EPC or progressive unilateral cortical deficit(s)
2. MRI 2. Progressive unihemispheric focal cortical atrophy

3. Histopathology

3.T cell-dominated encephalitis with activated microglial cells (typically, but not necessarily, forming
nodules) and reactive astrogliosis
Numerous parenchymal macrophages, B cells or plasma cells or viral inclusion bodies exclude the

diagnosis of RE.

EEG - electroencephalography; MRI - magnetic resonance imaging; EPC - epilepsia partialis continua; RE - Rasmussen’s encephalitis

surgery due to headaches followed by nausea and the urge
for vomiting which kept her awake at night. The disease
onset occurred with the patient in full health, after a three-
day subfebrile temperature (37.1°C). During the previous
two months, she experienced everyday diffuse headaches
rated 9-10/10. The pain occurred at the dorsal aspect of
the head, left, with propagation toward the apex, resistant
to analgesic therapy. In addition to the headache, she expe-
rienced vertigo and unsteady gait, followed by movement
to the left. She had frequent short-lasting numbness of the
right hand and transitory dysphasic problems: inability to
either correctly pronounce a started sentence or to recall it
later. She dismissed head injury on birth or during lifetime.
She had a family history of stroke and was a smoker for
twenty years (20 cigarettes per day).

Physical findings of the patient were as follows: con-
scious, afebrile, actively movable, psychically unremark-
able, of normal vital parameters (blood pressure, heart
frequency), internistic, neurological and ophthalmological
tindings within the normal limits). The patient underwent
transcranial Doppler of cerebral blood vessels, electroen-
cephalography, echocardiography, electrocardiography;,
heart and lungs radiography, blood analyses (glycemia,
electrolytes, total blood count with thrombocytes, pro-
thrombine (INR) and partial thromboplastin time, lipid
status, renal and liver functions, tests for thrombophilia,
hormone level in the blood). All the findings were within
normal limits. Head computed tomography (CT) scan re-
vealed supraventricularly parietally left, axially, a smaller
zone of ischemically changed brain parenchyma /SEQ 17
et 18/. The EEG activity was normal.

PET/CT (positron emission tomography/computed
tomography) finding (Figure 1) was as follows: in the
projection of the periventricular brain, white matter
parieto-occipitally left intensive accumulation of fluoro-
deoxyglucose as compared to the level of accumulation
in brain structures contralaterally at the analogue level.
Hypermetabolic zone of this white matter region can cor-
respond differentially-diagnostically to a benign lesion
feature; however, the possibility of the presence of a low-
grade tumor lesion (glial TU) cannot be excluded with
absolute certainty.

MRI was performed with endocranial spectroscopy;,
as well as angiography of the intracranial blood vessels.
Sagittal TIW, T2W transversally, FLAIR transversally, and
T2W coronary of the head were also performed, as well
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Figure 1. Positron emission tomography/computed tomography
finding

as multi-voxel sMRI of the pathologic process of the left
cerebral hemisphere and the corresponding location of
the right hemisphere. Parieto-occipitally left deep in the
white matter of the brain, as well as subcortically, T2/flair
hyperintense, T1 hypointense change involving the corpus
callosum splenium of the left side could be visualized (Fig-
ure 2). There was a mild atrophy of the left lateral horn but
without strong effect on the surrounding cerebral paren-
chyma, diffusion restriction, or increased post-contrast. In
the surrounding region, there are signs of occipitoparietal
atrophy. There are stained non-specific lesions in the pa-
rietal subcortex right, and stained microvascular ischemic
lesions in the medial aspect of the right thalamus. Sulci at
the convexity were mildly expanded in the interparietal
segment bilaterally and perilesionally. The cerebral cor-
tex and two hemispheres were without any pathological
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Figure 2. Magnetic resonance finding

changes. The orbits were without pathological changes.
Nerve complexes VII to VIII were bilaterally of normal
pathological form. The foramen magnum was free.

Spectroscopically, inside the pathological process, there
was an increased level in the relation choline (Cho)/cre-
atinine (Cr) reduction (1.27), N-acetylaspartate (NAA)/
Cr increased the level of myo-inositol/Cr (1.20) and the
presence of lactate (Figure 3) [2].

As concluded, the pathological process of the supra-
tentorial white matter of the parietal segment according
to MR characteristics corresponds to inflammatory/post-
inflammatory sequels. Given the focal perilesional atrophy
and suspicion of Rasmussens encephalitis, an immunolog-
ical examination of the cerebrospinal fluid was indicated
in order to determine the presence of oligoclonal bands.
However, the patient refused lumbar puncture. Due to the
described change close to the speech center, cerebral biop-
sy was not undertaken. The decision of the Neurosurgical
Consilium was that at the time there were no indications
for surgical intervention. The patient was released with
antiepileptic and antidepressant therapy. Follow-up MRI
was performed at six months, one year, and five years after
the dismissal. Even after five years, MRI and spectroscopic
tindings are unchanged, while the clinical condition of the
patient remains stable and unchanged. There is, however,
the following dilemma: Is this adult-onset Rasmussen’s
encephalitis?

DISCUSSION

In about 10% of cases, RE onset occurs after the age 37
years, as in the presented case [3]. This chronic, progressive
inflammatory disease most often involves only one cerebral
hemisphere, left in our patient. Several clinical and electro-
physiological studies suggest bilateral cerebral involvement
with, for example, mild contralateral atrophy [8, 9].

Figure 3. Spectroscopy finding

Regardless of innovations in the domain of medicine,
even after 50 years since RE discovery, etiology of this dis-
ease has remained unclear. Three hypotheses have been
forwarded: (a) a direct viral insult, (b) an autoimmune
process triggered through a viral agent, and (c) a primary
autoimmune process. The first two hypotheses have been
confirmed by case reports of patients with minor infec-
tions before the disease onset (our patient was subfebrile)
[9]. Recently, three phases of the disease have been de-
scribed: the prodromal phase, lasting 0-8.1 years, the acute
phase, with manifested symptoms of the disease (seizures,
neurological disorders: hemiparesis, hemianopia, disor-
ders of cognitive functions, and speech disorders) of the
average duration of 8 months, as in our patient, and the
third, residual phase, with the stabilization of the condi-
tion, with variable duration [10].

Based on the suggested diagnostic criteria for RE [8],
presented in Table 1, our patient has fulfilled two of the
three criteria in part A: 1) clinical: symptoms of a simple
partial attack (speech disorder, i.e. nominal dysphasia and
memory disorder, hand numbness, without loss of con-
sciousness) and one-sided cortical deficit (occipitoparietal
left); 2) MRI: occipitoparietal left in the deep cerebral mat-
ter and subcortically T/2 FLAIR hyperintense change, ip-
silateral atrophy is visualized. Oguni et al. [10] quantified
clinical types of attacks (clinical seizure types) during the
disease. According to the authors, simple partial attacks
involving one side of the body are most frequent (in about
77% of cases). There is scientific evidence that electrocar-
diography can contribute to reaching the diagnosis of RE
in the early phase of the disease [9].

Serial MRI findings of several patients have been pub-
lished in recent years. The opinion of Chiapparini et al.
[11] is that MRI demonstrates the progression of RE and
can suggest diagnosing the disease in the early phase, often
before the onset of neurological deficite. PET and SPECT
are usually used in the late phase and do not provide con-
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crete results. Early RE diagnosis is crucial in the selection
of patients who require aggressive medicamentous therapy
or surgical intervention such as hemispheroctomy.

According to Rasmussen [12] and Rasmussen and An-
dermann [13], standard cerebrospinal fluid tests are not
reliable for the confirmation or rejection of the RE diagno-
sis. Serological cerebrospinal fluid tests are usually applied
in order to exclude infections by well-known neurotropic
viruses. Our patient refused lumbar puncture. In most
cases, the PET method detects large hypometabolic zones
of the involved hemisphere, while new zones with focal
hypermetabolism are found in a somewhat lower number
[11, 14]. Lee et al. [15] have proposed that PET may guide
brain biopsy in cases with inconclusive or normal MRI
findings, especially in the early stages. sMRI investiga-
tion indicates that lowering the level of N-acetylaspartate
(NAA) and increasing (or normal) levels of Cho results
in the increased relation NAA/Cho that indicates the loss
of dysfunction [9]. Increased level of present lactates as in
our case is associated with the presence of EPC. Therefore,
PET, SPECT, and sMRI techniques are not adequate for
defining inflammatory nature of RE. They can be helpful
in the confirmation of the unihemispheric nature in the
early phase of suspected RE. Cerebral biopsy is not neces-
sary in all REs because other criteria could be sufficient in
making the diagnosis (Table 1).

Corresponding tests should be applied to confirm RE
and exclude other diseases. Most frequently used cerebral
scans are MRI, SPECT, and, if necessary, fluorodeoxy-
glucose-PET scans. Next, blood tests for the exclusion of
infection, lumbar puncture for confirming inflammation
and infection, and finally cerebral biopsy to confirm the
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diagnosis are necessary. In our patient, differential-diag-
nostic considerations were aimed at the following: 1) other
unilateral neurologic syndromes (stroke, tumor); 2) other
reasons for EPC (drugs, cerebral gliomatosis), or 3) other
inflammatory or infectious diseases that mimic RE (vascu-
litis, multiple sclerosis, viral or toxoplasmosis encephalitis)
[9]. Although lumbar puncture can show whether there
is inflammation and cerebral infection, our patient was
not willing to undergo the procedure. Although cerebral
biopsy is necessary in the absolute diagnostics of RE, due
to the described change and the speech center, it was not
performed in our patient.

After reaching the diagnosis, medicamentous or surgi-
cal treatment can be applied. To treat RE, antiepileptics
alone or in combination with other drugs (as in the pre-
sented case) have only limited effect in the control of focal
attacks and EPC; the general rule is that the number and
dosage of antiepileptics should be as low as possible, as
was in the presented case. Recently, long-term treatments
have been attempted with corticosteroids, intravenous
immunoglobulins, plasma-exchange, or tacrolimus [16].
Only a few patients have been treated with rituximab as
the alternative therapy for RE [17].

Surgical treatment (hemispherectomy) remains the
most efficient therapy in the prevention of attack pro-
gression caused by RE. In our patient, surgery was not
indicated, but only MRI follow-up.

This case highlights the diagnostic dilemmas that arise
in adult-onset RE and suggests that this diagnosis should
be considered in patients of any age with an appropriate
clinical picture. Rasmussen’s encephalitis in adults can be
a challenging diagnosis.
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Andeli¢ S.

JAunjarHocTuuke auneme Koa PacmyceHoBor eHuedanuTuca ogpacamx

CnabaHa Anhenuh
lpapckm 3aBog 3a XUTHY MeauUMHCKY nomoh, beorpag, Cp6uja

CAXETAK

YBop PacmyceHos eHuedanutic (PE) peTko je, nporpecmsHo,
nHONamaTopHO 060/bEHE MO3ra Koje je TELIKO [oKa3aTu Kog
ofpacimx ocoba.

Linb oBor paga je Aa uctakHe gujarHocTuyke guneme Kog PE
oApacmx.

Mpukas 6onecHuKa MeHa cTapa 46 rofMHa XocnmTan13oBaHa
je 36or ynopHux Andy3HX, MHTEH3VMBHUX rMaBobosba, npahe-
HWX MyYHUHOM U HaroHoM Ha nospahatbe, 360r Kojux ce byauna
Hohy. Buwe nyTa je nmana TpaH3nMTopHW nopemehaj rosopa u
namheta 1 yTpHYNocT fecHe pyke. MP Hanas je nokasao cne-
fehe: oKuMnuTonapujetanHo neso y Ay6okoj 6enoj MoxxaaHoj
Macy, Kao 1 cybKopTrKanHo yoyasa ce T2/flair xvnepuHTesHa
npomeHa, T1 XMNouHTeH3Ha NpoMeHa 3axBarta corpus callosum.

Ball: https://doi.org/10.2298/SARH170605166A

CneKTPOCKOMCKU Ce eBMAEHTMPA NOBHLLEHa BPeAHOCT 0fHOCa
XOnuH / KpeatnHuH (Kp) (2,12), pesyKoBaH HMBO a30T-aLeTu-
acnaprarta / Kp (1,27), nosehaHa BpegHoCT MmonHosmtona / Kp
(1,20) n npucycTBo nakTata. bonecHnua je opbvna nymoéanHy
nyHKUujy. 360r 6511M31He OnrcaHe MPOMEHE U LieHTpa 3a FOBOP
Huje ypabeHa 6roncuja mo3ra. Mocne net roguHa MP 1 cne-
KTPOCKOMCKM Hana3m Cy HeMpPOMEHEH, a CTakbe bonecHuLe
cTabunHo.

3aksmpyuak OBaj Cnyyaj HarnalaBa AnjarHOCTUYKe Anieme Kog,
PE oppacnux 1 yKasyje Ha To ja OBy AnjarHo3y Tpeba y3etn y
0631p Kof bonecHnKa 6uno Kojer y3pacTa ca ogroBapajyhom
K/VHNYKOM CIIVIKOM.

KmbyuHe peun: PacmyceHoB eHuedanutnc; ogpacnu; andep-
HeuwjanHa fujarHo3a; eHuepanuTuc, AujarHosa
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TNFRSF1A gene variant identified in a boy with
recurrent episodes of fever

Srda Jankovi¢', Goran Durici¢', Aleksandra Radosavljevi¢**, Dragana Janic'?

'University Children’s Hospital, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
3Clinical Center of Serbia, Clinic for Eye Diseases, Belgrade, Serbia

SUMMARY

Introduction Fever of unknown origin is an important diagnostic challenge. Although rare, periodic fever
syndromes may often present with a chronic or recurrent febrile condition with a variable temporal pat-
tern of occurrence. Although clinical characteristics often indicate the syndrome in question, there are
many atypical forms, and the genotype-phenotype relationship is highly complex, warranting in many
cases the designation of a “syndrome spectrum” rather than a syndrome per se.

The aim of this paper was to present a boy with recurrent fever of unknown origin.

Case outline We hereby present a boy with recurrent fever of unknown origin who was by clinically
guided partial exome sequencing found to have a heterozygous variant 434A>G in the TNFRSF1A gene,
otherwise connected with tumor necrosis factor receptor-associated periodic fever syndrome. The patient
responded well to short courses of glucocorticoids and is no longer subjected to unnecessary antibiotic
treatment he had frequently received in the past.

Conclusion Periodic fever syndromes should be kept in mind as a differential diagnostic possibility in

children with fever of unknown origin.

Keywords: fever; autoinflammatory disorders; TRAPS; genotype-phenotype correlation

INTRODUCTION

Prolonged or recurrent fever of unknown ori-
gin constitutes an important diagnostic prob-
lem that may be connected to a multitude of
potential etiological factors and nosological
entities [1, 2]. Although exceedingly rare, au-
toinflammatory disorders often present with a
febrile condition of unknown origin. Depend-
ing on the syndrome in question, febrile spells
may occur in relatively regular intervals, or
there may be no discernible time pattern in
their occurrence [3, 4]. Of all periodic fever
syndromes, periodic fever, aphthous stomatitis,
pharyngitis and adenitis (PFAPA) syndrome
exhibits by far the greatest incidence. How-
ever, this syndrome is not readily explained by
a defined genetic aberration(s) and is thought
to be an etiologically (and to some extent also
pathogenetically) heterogenous category, diag-
nosed per exclusionem by the presence of fever
and inflammation in a person without signs
of infection and with a prompt resolution of
symptoms upon glucocorticoid treatment [5].
Most common periodic fever syndromes of au-
toinflammatory nature with fully characterized
genetic causes include familial mediterranean
fever (FMF), cryopyrin-associated periodic
syndromes (CAPS), mevalonate kinase defi-
ciency (MKD)/hyperimmunoglobulinemia D
and periodic fever syndrome, and tumor ne-
crosis factor receptor-associated periodic fever

syndrome (TRAPS) [6]. Symptoms and signs
other than fever, such as joint pains, skin rash,
serositis, or abdominal aches may be very help-
ful in the establishment of diagnosis [7].

Treatment partly depends on the syndrome
in question and in many cases may be success-
fully guided by clinical tools such as the Auto-
Inflammatory Diseases Activity Index (AIDAI;
Table 1) [8]. Early and appropriate treatment
can greatly reduce the risk of complications,
including the most serious — amyloidosis [9]. It
is therefore of utmost importance to systemati-
cally evaluate children with fever of unknown
origin for possible autoinflammatory disorders.
If performed thoroughly, this very often results
in a precise diagnosis [10].

We hereby present the case of a boy with
recurrent episodes of fever that were eventu-
ally plausibly explained by the result of genetic
testing.

CASE REPORT

Repeated instances of febrile illness in an oth-
erwise healthy boy began at the age of six years.
They were separated by an interval of several
months. Bodily temperature usually reached
40°C, while C-reactive protein was in the
40-100 mg/L range, and the erythrocyte sedi-
mentation rate was typically about 30 mm/h.
A mild splenomegaly was also noted. Febrile
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episodes lasted from a few days (usually about seven) to
several weeks. Antimicrobial treatment had no effect on
the time to resolution.

Before the onset of the disease, the patients personal
history was unremarkable. He received all the obligatory
vaccines according to the official vaccination schedule in
the Republic of Serbia. He did not suffer from any aller-
gies. His mother and brother were allergic to pollen, and
both parents, as well as the paternal grandparents, suf-
fered from cardiovascular disorders at a relatively young
age (most of them in the fifth decade of life). No other
diseases or problems were reported.

On three occasions (at the ages of eight, 11, and 12
years) the boy was hospitalized in another pediatric ter-
tiary center for a detailed diagnostic investigation. Re-
peated ultrasound (US) and magnetic resonance imaging
(MRI) examinations confirmed a persistent, although mild
hepatosplenomegaly and slightly enlarged retroperitoneal
and mesenteric lymph nodes. However, peripheral lymph-
adenopathy was absent at all times. During some of the
febrile episodes, the boy also complained of joint pains,
particularly in the left temporomandibular joint. These
were never accompanied by any other signs of arthritis. On
one occasion he also felt acute pain in the heel, indicating
a possible bout of enthesitis. He never had a skin rash,
but occasionally suffered from eye irritation and redness.
When febrile, the patient was usually prescribed prolonged
courses of broad-spectrum antibiotics, lasting up to 21
days. Between the febrile episodes, he was quite well, and
participated in sporting activities at school.

Laboratory examination yielded a hemoglobin concen-
tration in the 12-13 g/L range; during febrile intervals, he
often also had a borderline thrombocytopenia (typically
90-100 x 10%/L), but never any leukocytosis. Total protein,
albumin, glucose, urea, creatinin, electrolytes, transami-
nases, bilirubin, alkaline phosphatase, y-glutamyl transfer-
ase, creatine kinase, and a-amylase were at all times within
the reference range. The results of urine analysis were also
normal. Plasma immunoglobulin levels were within the
age-specific reference range, including IgD. Extensive
autoantibody testing (ANA, ANCA, ASCA, anti-LKM,
ASMA, dsDNA, anti-tTG, anti-endomysial, anti-Tg, anti-
TPO) showed completely negative results. C3 and C4 levels
were normal. Bone marrow biopsy (also at the age of eight
years) gave a normal result, as did karyotype analysis (46,
XY). During the detailed endocrinological examinations,
a mild elevation of total cholesterol (7.4 mmol/L) and LDL
(2.98 mmol/L) was detected in the plasma, as well as that
of cortisol. Thyroid hormones were at all times within the
normal range, and so was TSH. Plasma ceruloplasmin,
ACE, and fecal calprotectin were also at normal values, as
were CEA, NSE, and AFP. The electrocardiography and
the cardiac US examination revealed no abnormalities.
The same was true for the ear, nose, and throat special-
ist examination. Virus serology testing detected anti-EBV
IgG antibodies, while anti-HCV antibodies and anti-CMV
antibodies (both IgG and IgM) were absent. HBsAg was
also found to be absent. Purified protein derivative (PPD)
testing for tuberculosis yielded a negative result. Given the
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absence of pharyngitis, cervical lymphadenitis, aphthous
stomatitis, and the appropriate temporal pattern of fever,
the patient never satisfied the diagnostic criteria for PFA-
PA syndrome, although the possibility of an atypical form
has repeatedly been considered in differential diagnosis.

At the age of 14, he came to our attention and two new
febrile episodes separated by three months were success-
tully and promptly terminated by a short (ca. four days)
course of glucocorticoids. This time, a bilateral acute
uveitis also appeared, and was subsequently shown to be
of granulomatous nature by slit-lamp examination. It re-
sponded well to topical glucocorticoid treatment. On US
examination, the spleen reached a maximal craniocaudal
diameter of 145 mm. At this time, a monogenic autoin-
flammatory disorder was first suspected. Considering the
presence of uveitis, investigations were initially directed
toward a highly atypical form of systemic juvenile arthritis.
However, HLA typing excluded the presence of the B27
allele, while MRI showed no lesions of sacroiliac joints
that would be indicative of spondyloarthropathies. Serum
amyloid A concentration was measured within physiologi-
cal limits. Given the great number of potential genetic al-
terations that are known to fit the clinical presentation and
disease course, clinically guided partial exome sequencing
was undertaken, with an emphasis on genes with a known
function connected with autoinflammatory disorders.
Partial exome analysis, performed at University Clinical
Center Ljubljana, Slovenia, revealed the existence of het-
erozygous variant in the TNFRSFI1A gene (TNFRSFIA: c.
434A>Q).

At the time of writing, the patient is feeling well and has
no symptoms. In the meantime, he experienced only one
episode in the period of 14 months. His spleen completely
receded to physiological bounds and is now 127 mm in
the AP diameter. His most recent monthly AIDAI (Table
1) was 20, as compared to 108 at the time of peak disease
activity. The patient is also instructed to undergo yearly
US examinations and routine blood analyses of inflam-
matory parameters.

Table 1. Autoinflammatory Disorder Activity Index (AIDAI) [8]

a. Fever > 38°C

b. Overall symptoms

c. Abdominal pain

d. Nausea/vomiting

e. Diarrhea

f. Headaches

g. Chest pain

h. Painful nodes

i. Arthralgia or myalgia

j. Swelling of the joints

k. Eye manifestations

I. Skin rash

m. Pain relief taken
FMF:a+c+g+i+j+1
MKD:a+c+d+e+h+i
TRAPS:a+b+c+i+k+I
CAPS:a+f+i+k+l1

FMF - familial mediterranean fever; MKD — mevalonate kinase deficiency;
TRAPS - tumor necrosis factor receptor-associated periodic fever syndrome;
CAPS - cryopyrin-associated periodic syndromes;

All variables are scored 0-3, except fever (0 or 1); monthly AIDAl is a sum of 31
daily values
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DISCUSSION

Clinically, our patient exhibited clear signs of a long-
standing inflammatory condition with elements of some
autoinflammatory disorders (episodes of fever, joint pains,
splenomegaly, possible enthesitis of the Achilles’ tendon,
uveitis, prompt response to glucocorticoids). However,
diagnostic criteria for any specific disorder were not sat-
istied, suggesting either an extremely rare nosological
entity or some rather untypical clinical variant of a more
common one. Bearing in mind that it is usually, if not
universally, reasonable to assume that the latter is vastly
more likely that the former, we decided it is worthwhile
to perform clinically guided partial exome sequencing in
order to identify potential gene variants that could explain
the observed symptoms and signs.

Mutations in TNFRSFIA cause tumor necrosis factor
(TNF) receptor-associated autoinflammatory syndrome
(TRAPS) [11]. TRAPS was formerly called “familial Hi-
bernian fever” because it had initially been described in
a family of Scottish ancestry (Hibernia being the Roman
name for Scotland) [12]. TNFRSFIA encodes a member of
the TNF receptor superfamily and is therefore extensively
involved in inflammatory processes associated with both
innate and adaptive immune mechanisms and processes.
It is mainly expressed on mononuclear phagocytes, but
may also be found on a number of other cell types, such as
lymphocytes, natural killer cells, granulocytes, astrocytes,
and keratinocytes [13]. Numerous different variants in
TNFRSFIA have been described, with a highly complex
genotype-phenotype relationship [14]. Prognosis is vari-
able and primarily dependent on the existence of complica-
tions of chronic inflammation, such as amyloidosis. Variant
434A>G is recorded in the ClinVar database (No. 97703)
and the Infevers registry, and designated as a genetic vari-
ant of unknown significance [15, 16]. However, the same
variant has been reported in a patient listed in the EURO-
FEVER registry with clinically apparent TRAPS [17].

Although there is no possibility of final proof that the
detected gene variant indeed plays a causal role in our pa-
tient’s ailment, it is certainly plausible that it has at least
some effect, based on obvious pathophysiological mecha-
nisms (i.e. uncontrolled inflammation) and known func-
tions of the TNFRSFIA gene (including inflammatory
signaling). Considering the relatively innocuous disease
course so far and the absence of any signs of permanent
organ damage or amyloidosis, the outlook for our young
patient appears to be favorable. The example we describe
here could be used as a good illustration of the concept
of “genomic landscape” of congenital autoinflammatory
(as well as other) syndromes; the complexity of this land-
scape very often does not allow a clear demarcation line
to be drawn between a pathological and a physiological
gene variant, particularly when seen in the light of the
less-than-predictable relationship between the nature of
genetic alteration and its clinical consequences, if any. Low-
penetrance TNFRSFI1A variants are well known and appear
to cause a mild or moderate autoinflammatory condition in
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some, though not all, affected persons [18]. Furthermore,
the low-penetrance variants appear to produce their ef-
fects through a different pathophysiological mechanism
compared with clearly pathogenic gene alterations, and
are, at least in part, connected to the functional status of
regulatory T cells [19]. An analysis of a series of patients
who carry a well characterized low-penetrance variant has
shown that severity of symptoms and risk of complications
are highly variable and at least partially correlated with the
age of onset [20]. In the light of all this, it appears quite
justified to speak of a “TRAPS spectrum” as a diagnostic
category (as opposed to the diagnosis of TRAPS per se).
The rationale for using the latter designation appears rather
strengthened by the fact that our patient constantly exhib-
ited some, but never all, features of PFAPA syndrome, beg-
ging the question how many patients classified within this
highly heterogenous diagnostic category are (or were) actu-
ally affected by TNFRSF1A variants, among other defects
in genes connected to inflammation. This and a myriad
of analogous possibilities in other autoinflammatory dis-
orders, such as, for instance, FMF, CAPS, and MKD (to
name the most frequent ones in our population, aside from
TRAPS) warrants particular attention when the physician
is faced with a patient clinically exhibiting some, but not all
features of a known autoinflammatory syndrome. In such
instances, clinically guided partial exome sequencing, if
available, generally tends to become the diagnostic method
of choice. On the other hand, it is an exceedingly costly and
somewhat time-consuming procedure, and this adds to the
importance that all physicians, and especially pediatricians,
be satisfactorily acquainted with the full range of clinical
situations where it is rational to order such an analysis.
This appears to be of the essence, since the usefulness of
extensive genetic testing without proper clinical guidance
is very doubtful, as highlighted, for instance, by the recently
published experience in autoinflammatory disorders from
a center in Trieste [21]. A deeper knowledge of possible
genetic alterations and their complex consequences should
ensure the necessary amount of critical thinking in deter-
mining whether testing is indicated or warranted, and this
is, indeed, more than appropriate for the practice of medi-
cine in the genomic age.

The distinction between TRAPS and the proposed
designation of “TRAPS spectrum” can also be viewed as
highly meaningful from the treatment standpoint. While
TRAPS patients are usually best treated with IL-1 antago-
nists such as anakinra [22, 23] or canakinumab [24], most
patients with low-penetrance TNFRSF1A alterations either
require no treatment or sufficient disease control can be
achieved by occasional short courses of glucocorticoids,
administered as needed [18].
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BapujaHTa reHa TNFRSF1A Kop, aevaka ca peKypeHTHoM ¢pebpunHowhy

Cpha JaHkosuh', TopaH Hypuunh', AnekcaHgpa Pagocasmbesuh??, iparaHa JaHuh'>

'YHUBep3uTeTCKa fieyvja KNnHMKa TupluoBa, beorpag, Cpbuja;

YHusep3utet y beorpapy, MegnunHcku dakyntet, beorpag, Cpbuja;
*KnuHnyki yentap Cpbuje, KnnHuka 3a ouHe 6onecty, beorpag, Cpbuja

CAXETAK

YBopa HejacHo GebpunHo cTame je 3HayajaH AnjarHOCTAYKM 13a-
30B. Maga cy peTKu, CMHLPOMY MOBPEMEHE FPO3HULIE Ce YECTO
MOry NCnosbyTH Y BUAY GebpuHor CTaka Koje ce MoHaBba Yy
PasnMuUMTUM UHTEPBaNVMa U Tpaje Kpahe nnw gye Bpeme, uin
je mak xpoHuyHo. Mpemaa KNMHMYKa CNrKa HEPETKO yKasyje
Ha CMHAPOM O KOMe ce paaw, OfHOC reHoTuMNa 1 peHoTuna je
BEOMa CJ/IOXEH, LUTO YeCTO OMpaBAaBa CBPCTaBakbe y ,criektap
CYHAPOMA” yMeCTo y moceb6aH CUHAPOM.

Linrb oBor paga je 6110 fa NpuKaxxemo Aevaka ca NoHaB/baHM
HafeTMMa rpo3HNLe HEMO3HATOT Y3POKa.

Mpwukas 6onecHnka Kop feyaka ca NoHaB/baHUM HaneTma
rPO3HMLIE HEMO3HATOT Y3POKa KIMHWYKI YCMEPEHO JENMMUYHO

doi:

CeKBeHLMpatbe er3oma nokasaso je XeTepo3nroTHy BapujaHTy
434A>Gy reHy TNFRSF1A. OBaj reH je MHaye noBe3saH ca CMHAPO-
Mom TRAPS. BonecHUK je nokasao gobap Tepanujckui OaroBop
Ha KpaTKOTPajHO AiaBatbe MTyKOKOPTUKOMAA 1 BHULLE Ce He Nleun
[YyroTpajHUM jaBatbem aHTUOMOTMKA, LUTO My je YeCTO OPLAUHU-
paHo y NPOLUIOCTU.

3aksbyyak Y gudepeHumjanHoj gujarHo3u Kog feLe ca rpos-
HVLOM HeMo3HaTor y3poKa Basba MMaTu Ha My 1 CUHOPOMe
noBpaTHe rpo3HuLie.

KmbyuHe peun: rpo3HuLia; ayTouHdnamatopHe 6onectu; TRAPS;
0L HOC reHoTUN-heHoTUM
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Hyponatremic dehydration and metabolic alkalosis
as dominant manifestation in cystic fibrosis infants
with mild phenotype - a case series
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SUMMARY

Introduction Due to increased losses of chloride and sodium in the sweat, children with cystic fibrosis
(CF) are predisposed to develop episodes of hyponatremic/hypochloremic dehydration with hypokalemia
and metabolic alkalosis when they sweat excessively. Even the patients with mild phenotype may have
such episodes of dehydration and salt depletion.

Outline of cases Six cases of pancreatic sufficient (PS) CF patients complicated with episodes of severe
hyponatremic dehydration with metabolic alkalosis in infancy are presented. The mean age was 6.3 £ 2.16
months at admission. All the cases had no symptoms suggestive of CF before admission. The most com-
mon clinical symptoms at the time of hospitalization were vomiting, anorexia, weight loss, dehydration,
irritation, or lethargy. Mean values of blood pH, serum bicarbonate, sodium, chloride, and potassium
(mmol/I) were as follows: 7.59 + 0.06, 41.73 + 5.78, 117.52 £ 2.88, 66.0 + 11.58 and 2.62 + 0.37, respectively.
Sweat chloride test was pathological and ranged 69-120 mmol/L. The determination of fecal elastase-1
proved that they were PS (values > 200 pg/g stool). CF transmembrane conductance regulator gene
analyses in six cases confirmed the diagnosis of CF; namely, patients were compound heterozygotes for
F508del and other rare mutation or compound heterozygotes for two rare mutations.

Conclusion Distinctive about these cases is that they were PS and had very mild presentation of CF.
Without these episodes of dehydration, these patients would have remained undiagnosed until later
age. CF should be considered in infants and children presenting with hypoelectrolytemia and metabolic

alkalosis even in the absence of respiratory or gastrointestinal symptoms.
Keywords : cystic fibrosis; CFTR genotype; hyponatremic dehydration; metabolic alkalosis

INTRODUCTION

Cystic fibrosis (CF) is a multisystem disease
caused by mutations in a gene on chromo-
some 7, which encodes the CF transmembrane
conductance regulator (CFTR) protein. CFTR
functions primarily as a chloride channel and
controls the movement of salt and water into
and out of epithelial cells in the affected or-
gans. Almost 2,000 different CFTR mutations
have been identified, resulting in different con-
sequences on protein function, ranging from
complete protein absence to defective protein
activity at the plasma membrane [1, 2]. Hence,
phenotypic expression of the disease varies
widely among individuals with CF [3].

In countries without neonatal screening for
CF, the disease is usually diagnosed during
childhood by respiratory and/or gastro-intes-
tinal symptoms. Hyponatremic hypochloremic
dehydration with hypokalemia and metabolic
alkalosis is a rare but typical presentation of
CF in infants [4, 5, 6]. Dysfunctional CFTR
in the sweat ducts are responsible for the ex-
cessive chloride and sodium losses, especially
during warm months. The extracellular fluid
volume contraction and salt depletion will lead
to activation of renin-angiotensin system and

secondary hyperaldosteronism. The resulting
effect is increased renal potassium and hydro-
gen losses for the exchange with sodium in the
distal tubule. The consequenced hypokalemic
alkalosis is a metabolic mimicry of Bartter’s
syndrome; therefore, the condition is known
as pseudo-Bartter’s syndrome in CE

In our previous study of pseudo-Bartter’s
syndrome in CEF all patients with metabolic al-
kalosis and hypoelectrolytemia were pancreatic
insufficient (PI). Respectively, they had severe
mutations with regard to pancreatic exocrine
function [7]. Over the last few years, we have
noticed the emergence of severe hyponatremic
hypochloremic dehydration with metabolic al-
kalosis in pancreatic sufficient (PS) CF infants,
which had very mild disease expression further
on in the clinical course.

REPORT OF CASES

Clinical records of six patients, three boys and
three girls, presenting in infancy with meta-
bolic alkalosis and electrolyte abnormalities
such as hyponatremia, hypochloremia, and
hypokalemia, which were later found to have
CE were analyzed.
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Table 1. Biochemical features of the pancreatic sufficient cystic fibrosis patients with pseudo-Bartter’s syndrome

Parametars Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 M £ SD*

pH 7.6 7.67 7.6 7.61 7.57 7.49 7.59 £ 0.06
Bicarbonate (mmol/L) 429 49.1 42.8 44.6 39 32 4173 +£5.78
Sodium (mmol/L) 113 121 117 116 118 120 117.52+£2.88
Chloride (mmol/L) 61 65 54 56 78 82 66+ 11.58
Potassium (mmol/L) 2.1 2.7 24 2.6 3.2 2.7 2.62 +0.37

*Mean values + standard deviation

Table 2. Genotypes of the pancreatic sufficient cystic fibrosis patients with pseudo-Bartter’s syndrome

Case No. Mutation | Mutation Il

cDNA name / legacy name cDNA name / legacy name
1 c.377G>A/G126D c.1366G>T / VA56F
2 c.377G>A/G126D ¢.1753G>T/ E585X
3 €.1521_1523delCTT / delF508 c.579+3A>G/ 711+ 3A->G
4 €.1521_1523delCTT / delF508 c.579+3A>G/ 711+ 3A->G
5 €.1521_1523delCTT / delF508 €.349C>T/R117C
6 €.1521_1523delCTT / delF508 c.1070C>T / A357V

The mean age of children was 6.3 + 2.16 months (range
being 3-9 months). Biochemical features of the patients
at the admission phase are summarized in Table 1. Mean
values of blood pH, serum bicarbonate, sodium, chloride,
and potassium (mmol/L) at admission were as follows:
7.59 £ 0.06,41.73 £ 5.78, 117.52 + 2.88, 66 + 11.58, and
2.62 £ 0.37, respectively. Urine chloride concentrations
in all the patients were below 20 mmol/l. For case 1 it was
the second episode, for case 4 the third episode, and for
cases 2, 3, 5, and 6 the first episode of dehydration. All
episodes of dehydration occurred during the summer and
early autumn months. The most common clinical symp-
toms in these patients were vomiting, anorexia, weight loss,
dehydration, irritation, or lethargy. We did not obtain a
history of recurrent chest infection or loose stools in any
child. Therefore, all cases had no symptoms suggestive of
CF before admission.

After rehydration and correction of metabolic abnor-
malities in the blood, a subsequent sweat chloride test
and genotyping confirmed the diagnosis of CF in these
infants. Sweat chloride tests were pathological and ranged
69-120 mmol/L. Assessment of the pancreatic functional
status by determining the values of fecal elastase-1 showed
that all six infants were PS (fecal elastase values were over
200 ug/g stool). CFTR gene analyses determined that the
patients were compound heterozygotes for F508del (the
most common CFTR mutation, class IT) and other rare
mutation or compound heterozygotes for two rare muta-
tion (Table 2). A new mutation ¢.1070C>T (A357V) was
detected in case 6.

Monitoring the clinical course of the disease in these
children within the next two to five years showed that they
have mild expression of CF mainly manifested as recur-
rent sinusitis and nasal polyps in case 3. Only case 4 had
another hospitalization for treating acute exacerbation of
lung disease with Pseudomonas aeruginosa infection. Very
mild pulmonary involvement was found on the chest X-ray
in all six cases.

‘ DOI: https://doi.org/10.2298/SARH170811053F

DISCUSSION

Metabolic alkalosis in association with low serum electro-
lyte concentration is not a common metabolic disorder in
infancy. Conditions associated with repeated vomiting,
especially pyloric stenosis, continuous gastric drainage
without appropriate electrolyte replacement, chloride-
losing diarrhea, potassium-losing nephropathy, Bartter’s
syndrome, the use of thiazide diuretics, and salt depletion
by sweating in CF can lead to such a disturbance [8, 9].

Metabolic abnormalities in the so-called pseudo-Bart-
ter’s syndrome in CF can have mimicking biochemical
features of Bartter’s syndrome. Although the biochemical
hallmark of both Bartter’s and pseudo-Bartter’s syndrome
is abnormally low plasma electrolyte concentrations, there
are important differences between the two diseases. In
Bartter’s syndrome, the sweat electrolyte profile is normal
and the renal handling of electrolytes is defective. In CFE,
sweat electrolyte losses are increased, and intensive electro-
lyte reabsorption occurs in the renal tubules. In all our CF
infants presenting with electrolyte depletion and metabolic
alkalosis, the initial diagnosis of Bartter’s syndrome was
excluded by hypochloruria (< 20 mmol/L). Determination
of urinary chloride before therapy is especially useful to
distinguish these two conditions.

In our previous study, all CF infants with pseudo-Bartter’s
syndrome were PI [7]. We considered that biochemical ab-
normalities due to insufficient CFTR chloride canal function
are more pronounced in CF patients with “severe” disease-
caused mutations (class I, II, and IIT). Compared to the “se-
vere” CFTR mutations, certain “mild” mutations tend to be
associated with significantly lower sweat chloride concentra-
tions [10]. However, the emergence of severe hyponatremic
hypochloremic dehydration with metabolic alkalosis in PS
CF infants, which had mild disease expression in the further
clinical course, indicated that neither the CFTR genotype
nor sweat chloride levels are correlated with the occurrence
of dehydration episodes. Our present analysis showed that
two rare mutations (G126D and 711+ 3A- >G) were found
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in two cases, each. G126D is a missense mutation in exon 4
of the CFTR gene, resulting in amino acid change (glycine
to asparagine at 126) in CFTR chloride channel and 711+
3A- >G is a splicing mutation in intron 5, resulting in an
mRNA splicing defect. This may arouse doubt that certain
genotypes are more predisposed to the development of this
metabolic disorder. Higher rate of sweating and electrolyte
losses with sweat may be the reason why some CF individu-
als are biochemically more vulnerable, but the risk factors
for the development of dehydration with electrolyte deple-
tion in CF are still not defined.
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XunoHaTpemMuyHa gexuapataumja u metabonnuKa aNKkano3a Kao AOMUHAHTHA
MaHudecTaumja Kog 040j4aam ca uuctuiHom pubposom u brarum peHotTunom —

cepuja cnyyajeBa

Crojka Oywrnk', TatjaHa JakoBcka', [njaHa Mnawwecka-KapaHduncka?

'YHMBep3nTETCKa KNMHMKA 3a Aelly, Onerberbe 3a LmctnyHe ¢ubpose, Ckorrbe, MakenoHuja;
’MakeoHCKa akagemuja HayKa 1 yMeTHoCTH, /IcTpaiMBauKm LieHTap 3a reHeTYKO UHXerepCTBO 1 bruoTexHonorujy, Ckornrbe, MakenoHuja

CAXETAK

YBop 360r nosehaHnx rybutaka xsopa n HaTpujyma y 3Hojy,
Aeua ca yuctmyHom ¢prbposom (LID) npegucnonHmpaHa cy a
pa3sBujy env3ofe XMMoHATPEMUYHE/XUMOXIOPEMNYHE feXnapa-
Lmje ca XxurnokanemMmmnjom 1 MeTabonnykom ankano3om Kaga ce
npeTepaHo 3Hoje. Yak 1 6onecHnum ca bnarvim GeHoTMnOM Mory
MMaTV TakBe enun3oAe aexmapaLmje 1 NCLprbrBarbe CoNu.
Mpuka3s 6onecHuKa MpriKa3aHo je LWeCT clyyajeBa NaHKPeacHo
cyduumjeHTHux (MC) 6onecHuka ca Li® koju cy Kao ofojyas
MMann Kao KOMMIMKaLMjy enn3ofe Tellke X1NoHaTpeMmyuHe
Jexuppaumje ca MeTabonnykom ankano3om. lNpoceyHa ctapoct
je 6una 6,3 + 2,16 meceun Ha npujemy. Hucy cBu cnyyajeBu
npe npujema uManu cuMnTome Koju ykasyjy Ha LI®. Hajuewhn
KAVHAYKM CUMNTOMM Y BPeMe XocnuTanvsauuje 6vnu cy: no-
Bpahatbe, aHopeKcyja, rybuTak TexuHe, fexuapaumja, uputa-
unja nnn netapruja. Cpegre BpeaHoCTy pH KpBU, CEPYMCKMX
61Kap6boHaTa, HaTPUjyma, Xxopa 1 Kanujyma (mmol/l) 6une cy,
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pepom: 7,59 + 0,06; 41,73 +5,78; 117,52 £ 2,88; 66 + 11,58 11 2,62
+ 0,37. 3HOjHU XJIOPUAHM TECT 61O je NATONMOLKM 11 Baprpao je
of 69 no 120 mmol/l. OgpehmBatbe dpekanHe enactase-1 noka-
3ano0 je ga cy MNC (BpegHocty > 200 ug/g ctonuue). LLOTP reHcka
aHanm3a Koj CBYIX LeCT CyyajeBa MoTBpAuna je anjarHosy LiO;
Haume, 6onecHULM cy 6K CnoxeHn xeTepo3mnroTu 3a F508del
1 Apyry pPeTKy MyTaLujy Ui CIIOKEeHW XeTepo3nroTy 3a ABe
peTke myTauuje.

3akspyyak KapakTepucTMyHO 3a OBe C/lyyajeBe je TO LWTOo Cy
NaHKPeacHo CyGpULINJEHTHU 1 IMajy BeoMa bnary npeseHTauujy
LI®. Be3 oBux enuzopfa aexuapalyje, o1 6onecHUL 61 octanm
HeAMjarHOCTUKOBaHM Jo KacHujer y3pacTa. LI Tpeba y3eTun y
0031p Kof 0f10juaam 1 feLe KoA Kojux ce MaHUdecTyjy Xuno-
eneKTponMTeMmja U MeTabonmuKa ankanosa, Yak vy oacycrTBy
pecnypaTopHMUX UKW raCTPOVNHTECTUHANHUX CUMMTOMA.
KrbyuHe peun: uyctnyHa drbpo3sa; LIOTP reHoTvm; xunoHaTpe-
MHa Jexuapauuja; Metabonmyka ankanosa
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HeartMate 3 fully magnetically levitated left
ventricular assist device for advanced heart failure -
initial Serbian experience
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SUMMARY

Introduction As the waiting time for heart transplantation continues to increase due to shortage in
organ donation, supporting patients with advanced heart failure with left ventricular assist device (LVAD)
increases as well. The latest generation of LVAD, left ventricular assist system (LVAS) started to expand
worldwide due to more promising outcomes.

The aim of this article was to present the case of treating advanced heart failure in a patient who under-
went implantation of HeartMate 3 LVAS as the bridge to transplantation.

Case otline The patient was a 59-year-old man with advanced heart failure requiring inotropic drug sup-
port, with ischemic cardiomyopathy as the underlying cause of heart failure. Therefore, in the absence
of an adequate donor, it was decided to incorporate the LVAS as a bridge to transplantation. Functional
capacity, cardiac, renal, and liver functions improved in the patient.

Conclusion The use of the HeartMate 3 in an advanced heart failure patient results in improvements in
functional capacity, cardiac, renal and liver function. Further studies should be performed in order to
identify whether improved outcomes are sustained with a longer follow-up period.

Keywords: LVAD; heart failure; heart transplantation
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INTRODUCTION

Patients with advanced heart failure (HF) have
quite limited possibilities for therapy, so the
morbidity and mortality in connection to the
disease are unacceptably high. In light of the
insufficient availability of donor hearts and a
growing number of heart transplantation (HT)
ineligible patients, left ventricular assist devices
(LVAD) are often used to support patients with
advanced HF awaiting HT or as destination
therapy (DT) [1]. In order to improve clini-
cal outcomes of LVAD therapy, technological
advances have been made through different
types of LVAD pumps over the past 30 years,
from pulsatile to continuous flow (CF) and
now back to artificial pulsatility. Compared to
the pulsatile flow HeartMate (HM) XVE, the
newer generation of LVAD and CF-LVAD is
considerably smaller, with significantly lower
incidence of adverse events and has become
the standard of care as a bridge to transplanta-
tion (BTT) [1]. HM II (Abbott Corporation,
Chicago, IL, USA) is an axial pump that pro-
vides CF, which requires a tissue pocket and a
larger body surface of the patient, while other
intrapericardial CF pumps, like HeartWare
(HeartWare Inc., Framingham, MA, USA),
utilize a magnetically levitating rotor system
to decrease mechanical wear in order to reduce
hemolysis and the incidence of pump throm-
bosis. Also, due to smaller size, it is suitable

for patients with smaller body surface area
[2]. Despite the fact that with the newer gen-
eration of LVAD survival rate is much better,
the overall adverse events are still significantly
high [3]. Therefore, technology enhancements
of LVAD have become increasingly important
in order to improve post-LVAD outcomes and
to reduce the rate of adverse events. The latest
generation pump, HM 3 (Abbott Corporation)
is intrapericardial fully magnetically levitated
CF-LVAD with artificial pulsatility with large,
consistent pump gaps designed to reduce blood
trauma and minimize stasis of blood.

The aim of this article was to present a case
of treating the end-stage of HF in a patient
in whom the latest generation of LVAD, left
ventricular assist system (LVAS), HM 3, was
implanted.

CASE REPORT

The patient was a 59-year-old man with ad-
vanced HF, with ischemic cardiomyopathy
as the underlying cause. Ten months prior to
hospitalization at our institution, the patient
suffered from acute heart infarction of the an-
terior wall as the first manifestation of coronary
disease. Since the patient was admitted to a lo-
cal hospital after 24 hours had passed, neither
percutaneous coronary intervention nor fibri-
nolysis was applied. At the local hospital, the



Left ventricular assist system and outcomes
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Figure 1. Left ventricular assist system, HeartMate 3 implantation: a) left ventricle
open at the top; b) sewn ring at the left ventricle; ¢) preparation of the pump; d)

A

Figure 2. Radiographic finding after implanted HeartMate
3 left ventricular assist system

connecting the pump to the ring; e) connected pump in the pericardial cavity; f)

outflow graft sewn to the aorta

patient underwent coronary angiography that showed an
occlusion of the left anterior descending coronary artery
and stenosis of the proximal circumflex coronary artery
and he was treated with medicaments. After the acute
ischemic phase, the hospital treatment was hindered by
the development of left ventricular (LV) aneurysm and
the appearing symptoms of HE He complained of fatigue
while at rest, of choking, chest pain, and swelling in the
legs. Ten months after the myocardial infarction, he came
to our institution due to symptoms of advanced HF and
required inotrope support drugs. Both two-dimensional
transthoracic echocardiography (TTE) and transesopha-
geal echocardiography (TEE) were performed in the
standard manner using Vivid E 9 (GE Medical Systems,
Milwaukee, WI, USA) and showed a volume overload of
LV (EDV 257 ml), increased LV end-diastolic (LVEDD)
and end-systolic diameters (LVESD), 7.4 cm and 6.3 cm,
respectively, and significantly decreased ejection fraction
of LV (LVEF) to 18% calculated by the Biplane method.
There were akinesis in the LV septum, apex, apical part of
anterolateral and inferior walls, apical and medial part of
the anterior wall with LV apex aneurysm without visible
thrombotic masses. Severe mitral regurgitation (MR 3+)
was present. The right ventricle had regular dimensions
(2.6 cm) with good systolic and longitudinal functions
(global fractional area change of 27%, tricuspid annular
plane systolic excursion of 21 mm, and right ventricular
systolic excursion velocity of 18 cm/s). There was severe
functional tricuspid regurgitation (TR 3+) with high right
ventricle systolic pressure (RVSP 77 mmHg). Single-pho-
ton emission computed tomography showed the absence
of viable myocardium of the septum, anterior and lateral
wall of the LV. Preoperative hemodynamic data showed
pulmonary capillary wedge pressure (PCWP) of 27 mmHg,
central venous pressure (CVP) of 11 mmHg, cardiac index
(CI) of 1.9 L/min./m? In order to assess the possibility of
LVAS implantation, the nature of the LV apex aneurysm
was estimated by performing magnetic resonance imag-
ing of the heart. At the part of LV apex aneurysm, the
myocardial wall thickness was 3-5 mm with aneurysmal
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extension, which was a borderline finding for pump im-
plantation. Based on all the performed tests, it was con-
cluded that the patient was in the end-stage of HF (New
York Heart Association (NYHA) IV, Interagency Registry
for Mechanically Assisted Circulatory Support 3), with
significantly impaired LV function requiring continuous
inotropic support; therefore, it was decided in the absence
of an adequate donor to incorporate the LVAS as a BTT.

The patient underwent surgery under general anesthe-
sia. The surgery included the implantation of LVAS, HM 3.
After median sternotomy, in conditions of extracorporeal
circulation without aortic clamping and stopping of the
heart, the LV was opened at the top, the ring was sewn, and
after preparation, the pump was connected to the ring. The
driveline was placed through the skin in the form of double
tunneling and connected to the pump controller and the
energy source. Finally, a graft was sewn to the aorta (Figure
1). Unlike the LVAD HM 2 device, where it is necessary
to form a tissue pocket to place the device, LVAS HM 3
was applied fully intrapericardially. The intervention was
without complications.

The postoperative recovery was uneventful. After the
LVAS implantation, a standardized anticoagulation regi-
men was used with initiation of infusion of heparin, fol-
lowed by the transition to warfarin and aspirin. Antico-
agulation therapy was included in order to maintain the
international normalized ratio between 2.0 and 3.0. There
was normal flow through both the pump’s inflow and out-
flow cannula. The pump speed was set at 4,900 rpm, with
pump flow being 3.4 L/min. and pump power 3.2 w. There
were stable LVAS parameters and data on the pump con-
troller. The radiographic finding was regular (Figure 2).
Postoperative hemodynamic data showed PCWP of 10
mmHg, CVP of 7 mmHg, CI of 3.2 L/min./m’. Functional
cardiac (T'TE and brain-type natriuretic peptide - BNP),
renal and liver function assessments were done before the
LVAD implantation, at discharge from the hospital and at
12 months. The TTE examination at discharge showed
improvement in the LVEDD and the LVESD from base-
line values of 7.4 and 6.3 to 5.5 and 4.5, respectively. This
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improvement was sustained over the time of the follow-up.
For LVEF and BNP (pg/ml), the baseline values of 18%
and 670 improved to 39% and 173, respectively, and con-
tinued to improve during the period of 12 months to 50%
and 120, respectively. The dimension of the right ventricle
was sustained in the normal range (2.6 cm) with a good
systolic function. At discharge, NYHA functional classifi-
cation improved from IV at baseline to II and continued to
improve to I during the period of 12 months. There were
improvements in renal function from baseline-estimated
glomerular filtration rate (ml/min./1.73 m?) and serum
creatinine (nmol/L) of 40 and 155 to 57 and 114, respec-
tively, and there was no change over the entire follow-up
period. With regard to hepatic function, total bilirubin
(umol/L) showed a reduction at the discharge point (25.8
vs. 12.4), with no further change afterwards. There were
no significant changes of aspartate transaminase (IU/L),
and alanine transaminase (IU/L) values during the entire
follow-up period.

DISCUSSION

HT remains the treatment of choice in cardiac replacement
therapy for patients with end-stage HE As the waiting time
for HT continues to increase, supporting patients with
LVAD increases as well. LVAD support enables an improved
quality of life and survival compared to medical therapy
[4]. However, despite all of these benefits of new technol-
ogy of LVAD, there is still significant incidence of device-
related complications that may have lessened enthusiasm
for investigating LVAD therapy in less sick patients [5].
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LVAD technology is advancing continuously and rapidly.
Smaller devices, total implantability, artificial pulsatility,
and remote monitoring are being investigated, which will
broaden the LVAD technology application. The outcomes
in patients supported by the LVAD have improved along
with experience and technology advances. The HM 3 LVAS
is a new centrifugal-flow device which uses full magnetic
levitation allowing wide and consistent flow paths and an
artificial pulse designed for enhanced hemocompatibility.
It uses a fully magnetically levitated rotor with frictionless
movement that excludes heat generation and wear of the
moving component. During operation, blood from the LV
enters the inflow cannula and pump along a central axis and
is propelled through the wide-gap impeller blades of the
rotor and finally out through the outflow graft. The power
cable from the pump housing is externalized and connected
to a modular cable that is attached to the external system
controller and a power supply. The pump receives power
from a power module or mobile power unit for wall power,
or from a pair of 14-V lithium-ion batteries. The pump
operates at a rotor speed in the range of 3,000-9,000 rpm
and the maximum flow rate is 10 L/min. The LVAS operates
continuously in an artificial pulse mode, where the rotor
speed changes rapidly every 2 seconds to generate pulsatile
flow from the pump [6].

The use of a HM 3 in advanced HF patients results in
improvements in functional capacity, cardiac, renal, and
liver function. LVAD technology is quickly evolving and
its accessibility is increasing if compared to HT. Further
studies should be performed in order to identify whether
improved outcomes are sustained with a longer follow-up
period.
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HeartMate 3 cuctem 3a acCMCTMPaHY NOTNOPY 1IEBOj KOMOPK €a NOTNYHO
MarHeTHMM nesutupajyhum motopom 3a ysHanpeaoBany cpyaHy cnabocrt

- npBa uckyctea y Cpbuiju

Emunuja Hectoposuh', ywko Tep3uh', Ceeto3ap MyTHuK', ApceH Puctnh?, Murbko Puctih!
KnuHnykn ueHTap Cpbuje, Knnnka 3a Kapgroxupyprujy, Onerbetbe 3a TpaHcnnaHTauujy cpua, beorpag, Cpbuja;

2KnuHnuku ueHTap Cpbuje, KnuHuka 3a kapauonorujy, beorpag, Cpbuja

CAMETAK

YBop Ycnen HepocTaka AOHOPCKMX OpraHa, BpeMe Yekama
Ha TpaHCcnnaHTaumjy cpua cBe je pyxe v cge je Behin 6poj 60-
NecHUKa Y y3Hanpe[oBasoj cpyaHoj cnabocTu Koju Cy feyeHn
ypehajuma 3a acucTpaHy LypKynauujy neBor cpua. 36or fo-
Opux pesynTaTa, LUMPOM CBETa je 3arnoyena npMMeHa HajHoBMje
reHepauuje ypehaja 3a acuctupaHy LpKynaLujy neBor cpua,
CrCTeMa 3a acMCTMPaHy NOTMNOPY fieBe KOMOpE.

Linmb oBor paga je 610 Aa npuKkake neyere 6onecHUKa y y3Ha-
npepoBanoj ¢pasm cpyaHe cnaboCcTn MMMNaHTaLMjoM cucTema
3a aCUCTMpPaHy NOTNOpPY NieBe Komope — HeartMate 3, Kao npe-
MolhaBae Neproaa Ao TpaHCMNaHTaLUuje cpua.

Mpukas 6onecHuka MNpurkasyjemo myLKapala ctapor 59 ro-
[AMHA Ha MIHOTPOMHO]j MOTMOPW NIEKOBUMa, Y y3HanpeaoBanoj
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ba3u cpuaHe cnaboCTn N UCXEMU)CKOM KapAroMMonaTrjom
Kao HEHVIM OCHOBHIM y3pOKOM. Y 0fCyCTBY AOHOPa, bonec-
HUKY je yrpaheH crcTeM 3a acuCTUPaHy NOTMOPY fieBe KOMope
3a npemolwhaBame nepuopa Jo TpaHcnnaHTaumje cpua. Kog
6onecHvKa je Jowso Ao nobosbluatba GYHKLMOHAMHOT Kara-
LMTeTa, CpUaHe, peHasiHe 1 XenaTunuke GyHKuuje.

3aksbyuak YnoTpeba HeartMate 3 kop 6onecHKa y y3Hanpe-
[0BaJoj CpyaHoj cnabocT AoBoau A0 Noborbluakba GyHKLKO-
HaslHOr KarauwuTeTa, CpuaHe, peHanHe 1 xenatunyke dyHkuyje.
[ama nctpaxmBarba Tpeba CMPOBECTU Y Liniby OTKpMBakba fia
1N ce ca BpemeHOM npaherba NobosbLIaHY UCXOAM OfPKaBajy.

KrbyuHe peun: ypehajyv 3a acicTupaHy LypKynaumjy; cpuaHa
CnabocT; TpaHCMnaHTaLmja cpua
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Unruptured tubal pregnancy in early second trimester
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SUMMARY

Introduction Most ectopic pregnancies are tubal pregnancies. They are potentially life-threatening
conditions with a high mortality rate if unrecognized. The diagnosis is established when the first warn-
ing symptoms occur, or during the first prenatal visits to a gynecologist. The diagnosis in the second
trimester is extremely rare, since clinical presentation resulting either from the expulsion of the fetus
into the peritoneal cavity or from the tubal rupture is manifested by that time. If there is no rupture or
the expulsion of the fetus, the pregnancy is allowed to continue and ectopic pregnancy diagnosis may
be established in the second trimester.

Case outline We present a case of a 31-year-old second gravida with a vital intrauterine pregnancy con-
firmed at the first examination. In the early second trimester, the patient visited her doctor due to vaginal
bleeding. After a gynecological examination and ultrasonography, ectopic pregnancy was suspected, so
the patient underwent laparotomy. Ectopic pregnancy was confirmed and adnexectomy was performed.
Conclusion Early ultrasound examinations have to confirm whether eutopic pregnancy is present. A
misdiagnosis and monitoring of ectopic pregnancy as eutopic one is potentially life-threatening for a

Received « MpumbeHo:
July 18,2017

Revised - PeBusnja:
November 2, 2017

Accepted - MpuxeaheHo:
November 3, 2017

Online first: November 10, 2017

Correspondence to:

Aleksandra PETRIC

Clinic for Gyneacology and
Obstetrics

Nis Clinical Center

Bulevar dr Zorana Bindica 48
18000 Nis, Serbia
sanja.petric@hotmail.com

pregnant woman.

Keywords: unruptured pregnancy; tubal pregnancy; early second trimester

INTRODUCTION

Ectopic pregnancy is a condition where an em-
bryo implants itself in a location other than the
uterus. The most common site for an ectopic
implantation is the fallopian tube, but it can
occur at other locations as well. Potential loca-
tions of ectopic gravidities include the ovary,
the abdomen, the cervix, intraligamentous lo-
cations, and the intramyometrial segment [1,
2,3].

The incidence of ectopic pregnancies is
about 1.3-2.4% in relation to the total number
of registered pregnancies [4]. The incidence of
ectopic pregnancies has been increasing since
the 1970s (0.5%) to date (2%) [5]. In the USA,
the incidence of ectopic pregnancy is about
2.3%. The rate among the African-American
women is almost double and the mortality risk
is five-fold higher than in white women in all
the states in the USA [6, 7].

Risk factors responsible for the development
of ectopic pregnancy include previous pelvic
inflammatory diseases, abdominal surgeries,
previous ectopic pregnancy, hematoperitoneum
of any etiology, the use of intrauterine devices,
and previous Cesarean section [8, 9]. The prob-
ability of ectopic pregnancy is 2.5-5-fold higher
following assisted reproduction methods. The
incidence of ectopic pregnancy after in-vitro
fertilization is 1.4-5.4%. Patients with reduced
ovarian reserve and confirmed tubal pathology
are also at high risk [10, 11]. Previous pelvic
surgery, manipulation, and surgical procedures

including the fallopian tubes increase the proba-
bility of ectopic pregnancy development [3, 12].

Failure in diagnosing ectopic pregnancy,
especially at uncommon sites of an embryo
implantation, is one of the leading causes of
maternal deaths in early pregnancy [6, 7, 13,
14]. Caretul clinical monitoring and timely
diagnosis reduce the probability of potentially
fatal maternal risks [15]. Ectopic pregnancy
is usually diagnosed in the first trimester of
pregnancy and it is the most common life-
threatening condition in early pregnancy [3,
6, 7, 12, 13]. However, the diagnosis can be
established in the second or third trimester in
patients without tubal rupture. Late diagnosis
is rare, since the ultrasound examination in
the first trimester confirms the diagnosis of
ectopic-eutopic pregnancy during the first ex-
amination [14].

CASE REPORT

Our patient was a 31-year-old primipara, sec-
ond gravida. She was referred to our institution
by a doctor from the local health center at the
17th week of amenorrhea, with fetal death and
suspected abdominal pregnancy.

The patient had no pain and visited her gy-
necologist due to vaginal bleeding. It was her
second examination regarding the pregnancy.
After clinical and ultrasound examinations, a
practicing gynecologist suspected ectopic preg-
nancy and referred the patient to the regional
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health center. Due to suspicion of abdominal pregnancy;,
the patient was transported to the tertiary healthcare center.

She has been a healthy person, non-smoker, without
significant diseases, allergies, or surgeries. Menarche oc-
curred at the age of 16. Menstrual cycle was with bleeding
at 35-38 days. The bleeding lasted 7-10 days. The patient
had one pregnancy with vaginal delivery on due date, with-
out obstetric surgery or postpartum complications. The
delivery had been two years before she presented to our
Clinic. She reported no use of intrauterine contraception,
but used a condom as a physical barrier contraception.

The patient contacted a gynecologist for pregnancy
confirmation and underwent clinical and ultrasound ex-
aminations. During that first examination, she reported
that amenorrhea lasted nine weeks. On that occasion, the
presence of a gestational sac and a vital embryo with a
biometry consistent with about eight weeks were con-
firmed. Extrauterine pregnancy was not suspected and it
was monitored as intrauterine pregnancy.

Then, fetal biometry was performed (crown-rump
length was 16 mm - corresponding to a gestational age of
eight weeks and two days, gestational sac having the diam-
eter of 40.1 mm, corresponded to a gestational age of nine
weeks), and fetal viability was confirmed by fetal cardiac
activity. Such an examination should have detected the po-
sition and shape of the gestational sac, as well as a double
decidual sac halo. The position of the sac and the absence
of this sign on initial ultrasound examination could have
raised doubts about ectopic pregnancy. Chorionic go-
nadotropin values were not determined in the pregnant
woman’s blood. The patient had no health problems until
scarce vaginal bleeding occurred with amenorrhea lasting
16 weeks and five days. The patient visited the same gyne-
cologist, who performed the first examination. On that oc-
casion, fetal death and ectopic pregnancy were confirmed
and the patient was referred to the General Hospital. After
an ultrasound examination there, ectopic pregnancy was
confirmed, as well as fetal death. Due to suspected ectopic,
probably abdominal pregnancy, the patient was referred
to the specialized clinic.

On admission to our clinic, the patient was conscious,
afebrile, normotensive, and painless, with scarce vaginal
bleeding, and was cardiocirculatory stable. The abdomen
was insensitive to superficial and deep palpation. Specu-
lum examination revealed cylindrical cervix, transversal
orifice, moderate bleeding from external orifice, and dark
blood. Proust pain sign was negative. On bimanual ex-
amination, the uterus was enlarged and softened, slightly
shifted to the left in retroversioflexion (RVF). The left ad-
nexal region was palpable without tumefactions. In the
right adnexal region and below the uterus, a soft, tense,
and insensitive formation about 10 cm in diameter was
palpated. Transabdominal ultrasonography examination
(Toshiba Nemio, XG, 6 MHz; Toshiba, Tokyo, Japan) with
the bladder not full enough revealed the presence of the
gestational sac with developing anterior wall placenta and
the fetus without heart action and with positive Spalding’s
sign (overlapping of skull bones), Figure 1. Transvaginal
ultrasonography revealed the uterus shifted to the left in
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urinary bladder

placenta

Wall of the fallopian tube

Figure 1. The embryo, a dilated tube, the uterus - transverse imaging

RVF (dimensions: 80 mm X 54 mm X 56 mm, endome-
trium 14 mm). In the right adnexal region, a cystic for-
mation was observed and suspected to be a dilated right
fallopian tube. The borders and the walls of the cystic for-
mation were clear, with the dimensions 92 mm x 84 mm
x 65 mm). No fluid was collected around the tumefact in
the pouch of Douglas. On the upper pole of the formation,
a hyperechogenic formation was observed and considered
to be the placenta. Fetal biometry was as follows: biparietal
diameter (BPD) 28.5, head circumference (HC) 101.8 mm,
abdominal circumference (AC) 85.9 mm, femur length
(FL) 14.5 mm. Fetal biometry was consistent with fetal
gestational age of 14 weeks and five days. Below the cystic
formation (gestational sac and the embryo) the right ovary
was registered, 44 mm x 38 mm x 28 mm in size. The
left ovary was normal, 28 mm x 22 mm X 17 mm in size.
Both ovaries had normal sonographic features. Upon the
completion of the ultrasound examination, an intact right
tubal pregnancy was suspected.

The patient was admitted to hospital and upon anam-
nestic, clinical, and ultrasound procedures, laboratory
investigations were performed. Laboratory analyses on
admission were as follows: blood group A Rh (D) nega-
tive; biochemical analyses and coagulation factors within
referential values. Coagulation status was as follows: the
prothrombin time — 93%; activated partial thromboplastin
time - 25 seconds; factor I - 2.3g/L; prothrombin time
-1.0. After anamnestic, clinical and ultrasound procedures
and after obtaining laboratory results, we decided to per-
form a laparotomy. The patient was prepared for surgery
that was performed under general endotracheal anesthesia.

Surgical procedure and findings

Lower transversal laparotomy was performed, as well as
the tamponade of the bowels; there was no free fluid in the
abdominal cavity. A cystic, tense tumefact, with leaden-co-
loured walls and about 10 cm in diameter dominated in the
pelvis minor. The uterus was enlarged and shifted to the
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Figure 2. The uterus, a dilated tube with the
product of conception, an ovary

left. There were no morphological changes in the left ad-
nexal region. The tumefact was shifted from the pelvis
and after the positions of the right ovary, ligament of the
uterus, and tumefact were defined, it was confirmed that
the ampullary portion of the tube was highly distended.
The wall of the tube was very tense, with stretched and
highly dilated infundibulopelvic ligament (Figure 2). The
tumefact was semi-torquated around the isthmic portion
of the tube. The ovary was in close contact with ampullary
and isthmic sections of the tube. There was no bleeding on
the fimbria of the affected tube. Due to heavily distended
and stretched ligaments and the vicinity of the ovary, it was
almost impossible to preserve the ovary with an adequate
homeostasis, so it was decided to perform adnexectomy.
A straight clamp was applied next to the uterus and the
tube next to the uterus was fastened, as well as a dilated
and stretched ovary clamp with the uterus. Curved Pean
forceps were used to fasten the distended infundibulopelvic
ligament to the right. Sample: entire adnexa was removed
without serious bleeding. Cut sections were sutured. Ho-
meostasis was checked and after peritonization and rins-
ing, a control drain was placed in the pouch of Douglas
pararectally. The abdomen was then closed in layers. The
sample was carefully cut, so all the structures and the em-
bryo described by the ultrasound were observed (Figures
3,4). After closing the abdomen, the patient was placed in
lithotomic position and instrumental revision of the uter-
ine cavity was performed because of heavy vaginal bleed-
ing during the surgical procedure. An abundant specimen
was obtained. Both the removed adnexa and the specimen
were subjected to a histopathological examination. The
surgical procedure lasted 50 minutes. The postoperative
course was uneventful. The control drain in the pouch of
Douglas was removed on the third postoperative day. The
patient was discharged on the fifth postoperative day with
tully restored passage and normally healing wound. Post-
operative ultrasound finding was normal. On the second
postoperative day, the patient was given Immunorho No.
I immunoprophylaxis.

‘ DOI: https://doi.org/10.2298/SARH170718196P
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Figure 3. Cut tubal wall and peeled gesta-
tional sac

Figure 4. The embryo, placenta, cut tubal wall

Histopathological examination confirmed the embryo
age of 15 gestational weeks. No fetal anomalies were de-
tected. In the samples obtained by the check-up curettage,
decidual endometrial alterations without the presence of
fetal elements were confirmed. The presence of the yellow
body was detected in the removed ovary.

DISCUSSION

It is necessary to determine whether eutopic pregnancy is
present on receiving the first ultrasound examination. If the
pregnancy in the uterine cavity is not confirmed in the pres-
ence of amenorrhea, pregnancy signs, and positive preg-
nancy tests, a pregnant woman requires careful monitoring
until ectopic/eutopic pregnancy is diagnosed. The diagnosis
is established by repeated application of transvaginal ultra-
sound and adnexal mass identification, or by the diagnosis
of intrauterine pregnancy. The use of maternal serum serial
chorionic gonadotropin levels is also significant [15]. The
possibility of heterotopic pregnancy, especially in patients
after in vitro fertilization, should not be ignored.

Errors are possible due to poorly trained staft, uncoop-
erative patients, atypical symptoms, and unusual localiza-
tions [16]. A complete clinical manifestation of ectopic
pregnancy is most commonly symptomatic in the period
of 6-8 gestational weeks, unless diagnosed earlier. The
tube is not a well-suited site of embryonic implantation
and the decidual reaction is minimal. Trophoblasts spread
and erode maternal blood vessels. The tube is thinned and
muscle fibers undergo hypertrophy, but limited hyperpla-
sia. Timing of the tubal rupture depends on the nidation
site and the degree of the tubal wall invasion and the level
of hemorrhage in the tubal wall as well [17]. Unrecognized
ectopic pregnancy develops in the ampullary region and
its progression depends on the degree of tubal invasion
and the way of trophoblastic growth. The trophoblast
growth can be intraluminal, extraluminal, and combined.
In predominately intraluminal trophoblastic invasion, the
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degree and velocity of hemorrhage development depend
on the degree of maternal blood vessels involvement. The
tubal rupture does not necessarily occur immediately after
a bleeding attack. Tubal distension occurs as a consequence
of conceptual mass growth and bleeding. The possibility of
intact endosalpinx epithelium and the absence or minimal
hemorrhagia can be seen in intraluminal trophoblastic
spread, but trophoblastic invasion of the maternal blood
vessels is more intensive and tubal rupture occurs earlier in
extraluminal extension [18]. The appearance and regularity
of the gestational sac and the presence of crescent-shaped
visible placental tissue (other authors also used similar
diagnostics criteria before surgery) were the guidelines in
making differential diagnosis between abdominal and tub-
al pregnancy [19]. We decided to perform lower transverse
laparotomy due to low probability of abdominal pregnancy.
In the case of our patient fetal death occurred. There was
no blood in the abdomen, nor tubal rupture. Other authors
also reported their experience in patients with unruptured
tubal pregnancy. There are no literature data on preserving
the affected tube following an ectopic pregnancy in the sec-
ond trimester. After abdominal opening and confirmation
of the right tubal ectopic pregnancy diagnosis, we made
an assessment and decided to perform adnexectomy as a
safe alternative in our patient to maintain more effective
homeostasis. The vicinity of the right ovary and the tube
with the conceptus, as well as heavily distended thinned
ligaments made us doubt on performing salpingectomy as
the most sparing surgery, so we performed adnexectomy.
Clinical manifestation of ectopic pregnancy in the second
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HepynTtypupaHa Ty6apHa TpyaHoha y paHoOM Apyrom TpMMecTpy

Anekcangpa MNMetpuh'?, Pagomup XusaguHosuh'? flejan Mutuh'? Mpegpar Bykomanosuh'?, MunaH TpeHkuh'2

'YHuBep3utet y Huwy, MeguunHcki dakyntet, Huw, Cpbuja;

2KnuHuuky yenTap Huw, KnuHuka 3a ruHekonorujy 1 akyiwepctso, Huw, Cpbuja

CAXETAK

YBopg Hajuewwha ektonnyHa TpygHoha je jajoBogHa. Pagu ce o
Moryhem X1BOTHO yrpoxaBajyhem cTarby ca BUCOKOM CMPTHO-
why Kop HempenosHaTtux ciyyajesa. [lujarHosa ce nocTaBsba
npv Nojaey NPBKX CUMNTOMA VIV NPUIIMKOM NPBUX MoceTa
rMHekonory. [lnjarHosa y pyrom TpumecTpy je 3HauajHo peha
jep mo Taga 061YHO fonasu Jo MaHUpecToBakba NOTMYHE Kiu-
HMYKe CIrKe Koja je nocsieanLa unmn ekcnynsuje 3ameTka y
nepuTOHeasiHy WyNbUHY UK PYNType jajoBoaa. YKOMKO [0
pynType jajoBoaa nnu ekcnynsuje 3ameTka He aohe, moryh je
HacTaBak TpygHohe v AujarHo3a eKTonMyHor rpaBmauTeTa y
LPYrom TpumecTpy.

Ball: https://doi.org/10.2298/SARH170718196P

Mpukas 6onecHuKa TprgeceTjeaHOroavLLHba CEKyHAMrpaBuaa, ca
MPBOM BUTAJIHOM UHTPayTePVHOM TPYAHONOM, y paHOM Lpyrom
TPUMECTPY jaBUNa Ce ieKapy 300 NojaBe BarMHaIHOr KpBapetba.
lMocne rmHeKoNOLLKOT 1 yNTpacoHorpadckor nperneaa nocTaB/be-
Ha je AnjarHo3a ektonuyHe TpynHohe u ypaheHa nanapatomuja.
MoTBpheHa je TybapHa TpynHoha 1 ypaheHa agHeKkceKkTomMuja.
3aksbyuyak [1pBe ynTpa3ByyHe KOHTPONEe MOpajy Aa NOTBpAe
eyTonunyHocT TpyaHohe. MorpeluHa AvjarHo3a n npaheme ek-
TOMMYHeE Kao eyTonnyHe TpyaHohe Moxe fa byae yrpoxasajyhe
3a TpyaHULYy.

KmbyuHe peun: HepynTypurpaHa TpyaHoha; TybapHa TpyaHoha;
paHu gpyru Tpumectep
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SUMMARY

The occurrence of cardiac arrest during anesthesia and surgery is nowadays associated with many
challenges imposed by 21st century medicine. On the one hand, good education of healthcare
practitioners, sophisticated anesthetic techniques and equipment, along with safer anesthetics and
improved surgical techniques have significantly reduced the risk of cardiac arrest during the perioperative
period. Still, the introduction of new, invasive diagnostic and therapeutic procedures in the aging patients
and those with comorbidities carries along new risk and challenges.

Epidemiological data indicate that intraoperative cardiac arrest is an extremely rare event.

Due to variety of moral and ethical prejudices, intraoperative cardiac arrest is frequently presented as if it
has happened in the immediate postoperative period, following surgery and anesthesia. The preventive
measures, the etiology and diagnosis of cardiac arrest, as well as the specificities regarding organization
and performance of cardiopulmonary resuscitation in the operating room, result in a better prognosis
compared to other hospital departments.

The article also describes the specifics of cardiopulmonary resuscitation in the catheterization laboratory,
while a separate section is dedicated to cardiopulmonary resuscitation following systemic toxicity of
local anesthetics.

Since intraoperative cardiac arrest and death represent very rare complications, European Resuscitation
Council has only recently published Guidelines for Resuscitation for performing cardiopulmonary
resuscitation in the operating room - in 2015.

Keywords: heart arrest, etiology, therapy; cardiopulmonary resuscitation; operating room; anesthesia,

adverse effects; anesthesiology, methods, standards; medical errors, prevention, control

INTRODUCTION

The perioperative cardiac arrest (CA) is much
less likely to happen nowadays due to con-
temporary education in anesthesiology, good
preoperative preparation of patients, the use of
modern anesthesiologic techniques, equipment
and safe anesthetics, and improved surgical
techniques. On the other hand, the introduc-
tion of new, invasive diagnostic and therapeu-
tic procedures in the aging patients and those
with comorbidities carries along new risks and
challenges. CA is the most dramatic and most
urgent situation for a physician in the operat-
ing room (OR). A trained team of OR person-
nel and specific work organization, mandatory
monitoring, the availability of equipment and
medications for cardiopulmonary resuscitation
(CPR), secured airway and placed intravenous
cannulas facilitate perioperative CPR and in-
crease survival rates [1].

Since intraoperative cardiac arrest and death
represent very rare complications, European
Resuscitation Council (ERC) has only recently
published Guidelines for Resuscitation for per-
forming cardiopulmonary resuscitation in the
operating room - in 2015 [2, 3, 4].

Due to a variety of moral and ethical preju-
dices, intraoperative cardiac arrest is frequently
presented as if it has happened in the imme-
diate postoperative period, following surgery
and anesthesia. When CA happens in the OR,
many doctors feel unjustified guilt that some
intervention during anesthesia or surgery may
have contributed to CA occurrence, so they
feel responsible and obligated to perform CPR,
even in situations when it is completely clear
that it should not be performed (i.e. terminal
illnesses, signed “Do not resuscitate” protocol).
That is why the operating team starts CPR in
order to achieve return of spontaneous circula-
tion (ROSC), finish the surgery, and transport
the patient from the OR, although they are
fully aware that in the immediate postopera-
tive period ROSC will briefly result in a death
outcome. Therefore, the majority of epidemio-
logical data regarding the frequency of CA in
the OR should be carefully considered.

The low incidence of CA caused by anes-
thesia and surgery prevents conduction of con-
trolled studies in this area [5, 6].
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PROGNOSIS AND OUTCOMES OF CARDIAC ARREST
DURING ANESTHESIA AND SURGERY

In developed countries, the incidence of CA during an-
esthesia is 0.2-1.1 cases per 10,000 procedures in adults,
and 1.4-2.9 cases per 10,000 procedures in children (with
a considerably higher incidence in newborns), which is
much more rare than 30 or more years ago (20 in 10,000)
[1, 7,8, 9]. Certainly, there are higher-risk groups of pa-
tients among whom perioperative CA is seen much more
often (Table 1) [2, 10, 11]. Data from the Mayo Clinic in-
dicate that the incidence of CA perioperatively during gen-
eral anesthesia is three times higher than during regional
anesthesia 2, 9].

Table 1. Risk factors for operating room cardiac arrest

Risk factors
Urgent surgery 163/10,000 patients
Elderly patient 54/10,000 patients
Children < 2 years

Male sex

COPD

Hypotension (shock) AP < 90 mmHg
AKI, CKD

Pavlovi¢ A.

Table 2. Potentially reversible causes of cardiac arrest in the operating
room

8H 8T

Hypoxia Toxins (anaphylaxis/anesthesia)
Hypovolemia Tension pneumothorax
Hyper-/hypokalemia Thrombosis/embolus, pulmonary

Hydrogen ion (acidemia)
Hypothermia
Hypoglycemia
Malignant hyperthermia
Hypervagal reaction

Thrombosis, coronary
Tamponade
Trauma/hemorrhagic shock, CV injury

QT prolongation
Pulmonary hypertension

CV - cardiovascular

SYSTEMIC TOXICITY OF
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VASOCONSTRICTORS
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|
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[ SYMPATHETIC INHIBITION

Malignant disease
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Major surgery

COPD - chronic obstructive pulmonary disease; AP — arterial pressure; AKI -
acute kidney injury; CKD - chronic kidney disease

The differences related to the organization and execu-
tion of CPR in the OR compared to other hospital de-
partments reflect different survival rates for CA patients.
Documented reports show that patients’ survival following
intraoperative CA is 34.5-43.9% [8]. In situations when
CA was associated exclusively with anesthesia, survival
rates were as high as 70-80%, which is much higher than
survival rates in other hospital wards: only 15-20% [1, 12].

ETIOLOGY OF CARDIAC ARREST IN THE OPERATING
ROOM

Numerous factors are associated with perioperative CA:
the preoperative factors (comorbidities), poor risk assess-
ment, inadequate monitoring, mistakes during anesthesia
and surgical procedures [9, 13].

The universal mnemonic “4H and 4T, which causes of
CA defined by the ERC, Moitra et al. [14] have described
as many as 16 (8H and 8T) potentially reversible causes of
CA in the OR (Table 2) [2].

According to the literature data, the most frequent
causes of intraoperative CA are as follows:

« hemorrhage (with the highest fatal outcome rate of

10.3%);

o heart complications, myocardial infarction;

« medications (anesthetics, muscle relaxants), complica-

tions of central venous catheterization;

« hypoxia caused by compromised airway or complica-

tions associated with mechanical ventilation [8, 9, 15].

‘ DOI: https://doi.org/10.2298/SARH171110204P

SURGICAL
COMPLICATIONS

Figure 1. The most frequent causes of a patient’s deterioration during
regional anesthesia

The most frequent causes of CA in the OR in children
are the airway obstruction caused by laryngospasm and
bronchospasm, hypovolemia (blood loss) and hyperkale-
mia (from transfusion of stored blood) [2, 16].

Unlike seen in out-of-hospital CA and in other hospital
departments, the most frequent CA rhythm seen in the
OR during general anesthesia is asystole (Figure 1). Fortu-
nately, the prognosis of CPR following asystole in the OR
is much better than in other hospital departments [2, 7, 9].

PREVENTION OF INTRAOPERATIVE CARDIAC ARREST

The prevention of intraoperative CA begins with good
pre-operative preparation of patients, assessment of co-
morbidities and current physical status (according to the
American Society of Anesthesiologists — ASA score), and
stabilizing any concomitant chronic conditions. The pre-
vention of operating room CA is affected by the choice of
anesthesia technique (general or regional), which depends
on the type of surgery, the condition of the patient and
comorbidities, but also on the patient’s personal desires
and the anesthesiologist’s experience. Furthermore, the
choice of the optimal operative technique depends on the
surgeons experience. Teamwork in the OR has contributed
to more rapid recognition and timely reversal of any de-
terioration of the patient, whereby the occurrence of CA
is prevented [2, 17].
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The physician’s failure to notice the deterioration of the
patient’s condition in time is the most frequent cause of
CA in the OR [2, 17]. The patient’s state can sometimes
worsen within minutes, but also over hours during the in-
traoperative period, so appropriate monitoring and timely
correction of pathophysiological changes are crucial.

THE DIAGNOSIS OF CARDIAC ARREST IN
THE OPERATING ROOM AND MANDATORY
MONITORING - CONTROL OF CPR QUALITY

If the minimum mandatory monitoring standard is en-
sured in the OR, there should be no delay in making a
diagnosis of CA. Insertion of an arterial line for invasive
blood pressure monitoring in high-risk patients is invalu-
able for prompt diagnosis of CA. It is recommended that
these patients should be equipped with self-adhesive defi-
brillation pads prior to anesthesia induction [2, 8].

Asystole and ventricular fibrillation (VF) must be
identified immediately in the OR. However, in the case
of pulseless electrical activity, the diagnosis of CA should
be verified by capnography (EtCO,) and pulse oximetry,
and definitely confirmed by the pulse or the arterial line
curve (Table 3).

Table 3. Incidence and pattern of cardiac arrest rhythms in the operat-
ing room (Mayo Clinic data) [2]

Pattern of cardiac arrest rhythms Incidence (%)
Asystole 41.7
Ventricular fibrillation 354
Pulseless electrical activity 14.4
Unknown 8.5

Performing proper and uninterrupted chest compres-
sions is essential for the success of CPR. There are multiple
ways to assess the quality of chest compressions and check
the success of CPR in the OR. Palpation of the carotid or
femoral artery pulse during CPR is not a proper indica-
tor of chest compressions’ quality. Some newer generation
defibrillators can provide feedback regarding the quality
of compressions. Non-invasive blood pressure monitor-
ing has no relevance in the CA diagnosis, in the quality
of CPR, nor in the prediction of CPR success, and can
only be used following ROSC. When hypotension and
hypoxia are present, pulse oximetry is not an appropri-
ate monitoring touchstone for a prompt CA diagnosis or
for assessing chest compressions’ quality. Capnography, a
part of minimum mandatory monitoring, is very impor-
tant in assessing CPR quality. When EtCO, > 20 mmHg,
ROSC is much more likely to occur than in cases when
EtCO, < 10 mmHg is achieved with chest compressions.
If there is an arterial line in place, diastolic pressure (DP)
over 40 mmHg is also associated with higher ROSC in-
cidence. Monitoring central venous pressure (CVP) and
diastolic pressure in the OR during CPR permits the calcu-
lation of coronary perfusion pressure (CPP) based on the
following formula: CPP = DP - CVP. CPP values of over

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):593-598

15 mmHg during CPR are associated with higher survival
rates [8, 18, 19, 20].

However, activation of various alarms due to monitor-
ing failure while the state of the patient is satisfactory is
a very frequent occurrence in the OR. This may happen
due to detachment of an ECG electrode from the patient’s
chest, the pulse oximeter slipping off the patient’s finger,
or technical problems in CO, sampling. Such occurrences
may sometimes lead the anesthesiologist to ignore the
monitoring alarms and to miss a serious deterioration of
the patient’s condition. Regardless of the mandatory moni-
toring, “the physician is the most important monitor in the
operating room” [8].

RESPONSIBILITIES OF THE OPERATING TEAM
MEMBERS IN PERFORMING CPR - THE TEAMWORK

Good communication among members of the resus-
citation team in the OR is the key to the success of re-
suscitation. Confusion or miscommunication must not
be permitted during CPR, and no time must be wasted
while resuscitation procedures are being performed. This
is why teamwork, good organization, following the team
leader’s instructions and the availability of equipment in
good working order are crucial in the performance of CPR
measures. In order to advance the teams’ professionaliza-
tion, simulation sessions are held periodically to practice
handling of this type of crisis situation. The responsibilities
of the surgical team members in performing CPR measures
are shown in Figure 2 [21, 22, 23].

Figure 2. Operating room (OR) team members’tasks during cardiopul-
monary resuscitation (CPR): 1) the anesthesiologist makes the diagno-
sis of cardiac arrest, acts as the CPR team leader, executes advanced life
support and removes any reversible causes; 2) the surgeon halts the
surgical procedure, controls bleeding, protects vital organs, executes
the anesthesiologist’s orders and performs chest compressions; 3)
the anesthetist executes the anesthesiologist’s orders, prepares the
defibrillator and takes part in the defibrillation, prepares and applies
treatment ordered by the anesthesiologist; 4) the scrub nurse monitors
and secures the sterility of the wound and the operating field, and of
the surgical equipment; 5) the circulating nurse calls for additional
assistance, adjusts the height of the table, oversees OR comings and
goings, retrieves and delivers disposable materials and equipment [23]

www.srpskiarhiv.rs
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PERFORMING CPR IN THE OPERATING ROOM

It is interesting to note some authors’ comparison of gen-
eral anesthesia and CPR. While it is completely inaccurate
to declare that general anesthesia is an “ongoing resuscita-
tion,” there are certain similarities between the two medical
procedures. Under general anesthesia, as in CPR, the pa-
tient is unconscious. Both procedures require maintaining
and monitoring of the airway and mechanical ventilation.
Administering vasopressors and antiarrhythmic drugs,
which are mandatory during CPR, is not unusual dur-
ing general anesthesia. As in advanced life support (ALS)
measures of CPR, continuous monitoring is present during
general anesthesia too. Based on this, one may raise the
question regarding differentiation of the routine proce-
dures done during general anesthesia in the OR and the
urgent skills required in CPR. According to some authors,
the only difference that draws the medical line between
these two procedures is the need for defibrillation and the
execution of chest compressions [5].

The advantages and disadvantages of CPR in the OR
are shown in Table 4.

Table 4. Advantages and disadvantages of cardiopulmonary resuscita-
tion in the operating room

Advantages Disadvantages
1. CAis always observed by 1. False alarms, interruption
witnesses; of ECG, pulse oximetry

2. CA cause is usually known
and reversible;

3. Airway is secured and
mechanical ventilation is

connection;

2. Hypotension and bradycardia
that may be discounted or
overlooked;

ongoing; 3. Impossibility of adequate
4. Multiple vein lines, CVCin monitoring (obesity, the
place; patient’s position on the

5. Continuous monitoring,
arterial line is often in place;

6. Entire CPR team is present;

7.CPR equipment and
medications are available

operating table);

4. Contamination through non-
sterile contact;

5. Medically and ethically
unjustified reasons

CA - cardiac arrest; CPR - cardiopulmonary resuscitation; CVC - central
venous catheter; ECG - electrocardiography

In the OR, the time of CA occurrence is always ob-
served by witnesses and the direct cause of the CA is usu-
ally known. That is why, along with the progress of CPR,
reversible causes should be removed (bleeding, hypoxia,
etc.) [3].

When non-shockable rhythms are found and accompa-
nied by the inability to palpate the pulse for more than 10
seconds along with a drop in the capnographic and arterial
curve, chest compressions should be started immediately,
following ALS protocols for non-shockable rhythms [2,
24]. In view of the surgeon’s position relative to the patient,
he or she should begin chest compressions, or direct heart
compression, depending on whether the thorax is surgi-
cally open [8]. The height of the operating table should be
adjusted in order to permit the performance of high-qual-
ity chest compressions [2]. CPR is optimally performed on
a patient in a supine position, but in certain situations it
is possible to perform CPR on patients in prone position
if it is not feasible to place the patient in a supine position

‘ BAll: https://doi.org/10.2298/SARH171110204P
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quickly [3, 4]. Chest compressions in prone patients may
be performed manually or using a mechanical chest com-
pression device in continued compression (10 compres-
sions/minute) if an endotracheal tube is in place [2, 3]. If
a supraglottic airway device has been inserted and there
is an air leak, the CPR should be performed at a ratio of
30:2 [18, 25]. Depending on the ECG rhythm (shockable
or non-shockable), CPR should be performed immediately
based on new ERC guidelines for CPR [2, 24].

« The decision when to terminate CPR is complex and
often, in addition to the medical aspect, includes a
series of moral, ethical, and legal elements. Adhering
to medical positions, CPR should be terminated when
the following criteria are met:fatal injuries or signs of
certain death are present;

« an objective suggestion has been made by a senior -
the team leader;

o an assessment has been made that all further CPR
would be futile and useless;

« asystole has been present for over 20 minutes despite
ALS measures and there are no reversible causes [18,
19, 20].

CARDIAC ARREST AND CPRIN THE
CATHETERIZATION LABORATORY

CA may occur during percutaneous coronary intervention
in patients with myocardial infarction, but it can also arise
as a complication of angiography. Most complications will
lead to VE which requires urgent defibrillation. This is
why a patient in the catheterization laboratory must be
continuously monitored, with a defibrillator standing by. In
high-risk patients, self-adhesive radiolucent defibrillation
pads should be placed prior to starting the procedure. If
the defibrillation is not successful or VF re-occurs, defi-
brillation should be repeated urgently two times [2]. If VF
persists after the third defibrillation, begin chest compres-
sions and ventilation without delay, and continue the angi-
ography in order to find the cause of the CA. It is extremely
important not to interrupt chest compressions during the
angiography. On an angiography table, where the image
intensifier is located above the patient, it is almost impos-
sible to perform high-quality chest compressions, and there
is the risk of exposing the practitioner to dangerous radia-
tion. This is why it is strictly advised to use a mechanical
chest compression device. In patients with non-shockable
rhythm, immediate transthoracic echocardiography should
be performed in order to diagnose the cause (pericardial
tamponade or another issue) [26, 27].

CARDIAC ARREST CAUSED BY SYSTEMIC TOXICITY
OF LOCAL ANESTHETICS

CA as a consequence of systemic toxicity of a local anesthet-
ic (LA) occurs in 1.8 cases per 10,000 regional anesthesia
procedures [28]. Significant clinical experience is needed
to find the cause of a patient’s deterioration during regional
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anesthesia (Figure 1), since this determines the type of the
treatment. If systemic toxicity of LA is not recognized and
not treated promptly, it may lead to CA.

The typical development of the clinical features is the
result of a progressive biphasic effect on the central ner-
vous system (CNS) and subsequently on the cardiovascular
system (CVS), which are highly sensitive to changes of
tissue electrophysiology. Since the CNS alterations are the
first ones to occur, this compartment is considered the
“mirror” of LA concentration in the blood. Initially, pa-
tients become agitated and logorrheic, feel a metallic taste
in their mouths, and may experience nystagmus, tinnitus,
dysphagia, and confusion. Further progression of the in-
toxication produces muscle tremors and the development
of convulsions. Nausea and vomiting may also be present,
along with breathing disturbances, respiratory vasomotor
depression, and loss of consciousness [28].

The CVS is considered more resistant to LA effects than
the CNS, and cardiotoxicity occurs as a consequence of
the direct negative inotropic effects of the anesthetic on
the heart and the direct relaxant action on the smooth
muscle tissue of the blood vessels. Cardiotoxicity associ-
ated with systemic LA toxicity is characterized by hypoten-
sion, AV block, idioventricular rhythm, bradycardia, and
cardiovascular collapse. The cardiotoxic effect of the LA
is exacerbated by hypoxia, hypoventilation, acidosis, and
hyperkalemia [28].

In the case of CA, perform ALS according to the ERC
guidelines for CPR [2, 3, 24].

Patients with cardiovascular collapse and CA caused by
systemic LA toxicity can benefit from a 20% lipid emul-
sion applied intravenously during ALS [2, 28]. The widely
accepted hypothesis of the mechanism of action of the
20% intravenous lipid emulsion in the treatment of car-
diotoxicity is based on the absorption and removal of the
circulating lipophilic toxin - the LA - from the blood,
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CONCLUSION
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Good organization and well-trained operating room
team members, along with appropriate monitoring and
readily available equipment and medication, result in a bet-
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to other hospital departments.
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AKYTHM 3aCTOj CpLA U KapAUONYIMOHaNHA peaHMMmaLMja y onepaumoHo;j canm

Anekcangap Masnosuh', HeeHa Kane3uh?3, Cnahana Tpnkosuh', AHa Cekynuh*, Onneepa MapuHkosuh*
'YHusep3utet y MpuwTHy, MeguunHcku dakyntet, Kococka Mutposuua, Cpbuja;

2Ynueepautet y beorpaay, MegnunHcku akyntet, beorpag, Cpbuja

*Knunnukn yeHTap Cpbuje, LieHTap 3a aHecTesunonorujy n peaHumatonorujy, beorpag, Cpbuja;
“YHUBEP3UTETCKN KIMHNYKO-O0NHNYKY LieHTap ,bexaHmjcka Koca”, beorpag, Cpbuja

CAMETAK

AKYTHM 3aCTOj CpLia TOKOM aHecTe3unje 1 onepauuje je y aa-
Hallrbe Bpeme noBe3aH ca MHOMMM 13a30BMMa Koje AOHOCK
meguumHa XX Beka. C jefiHe cTpaHe, fobpa eAyKalimja 3apas-
CTBEHVX PafHUKa, CaBPeMeHe TeXHIKe aHecTe3uje 1 onpema,
6e36€e/1H/ aHECTETULM U YCaBpLLEHE OMepaTVBHE TEXHIKE 3Ha-
YajHO Cy CMarbUNM PU3KMK 3a HaCTaHaK aKyTHOT 3acToja cpua
y NeprionepatusHom nepuogy. Mehytum, ysohere HoBuX,
VNHBA3VIBHUX AMjarHOCTUYKUX 1 TePanujcK1X npoLeaypa Kog,
CBe CTapmjux 6onecHrKa ca KoMopbUANTETOM JOHOCH HOBE
pu3nKe 1 n3asose.

Enngemronowkn nogaum ykasyjy aa ce pagu o u3y3etHo
peTkom forahajy. Y MeauLMHCKOj NpaKkcy, 360r MOpanHuX v
eTUYKNX Npeapacyfa, HTpaonepaTBHY akyTHY 3aCToj cpLia
Ce YecTo npuKasyje y HemocpeHOM NMOCTONePaTMBHOM TOKY,
nocse onepauuje n aHectesuje. Mepe npeseHuyje, eTvonoruja

BAll: https://doi.org/10.2298/SARH171110204P

1 AnjarHo3a akyTHOT 3acToja CpLia, Kao 1 creLmduyHoCTH y op-
raHv3aumju 1 n3sohery KapAnonyaMoHanHe peaHumalmje y
onepaLmoHoj canu fajy 60sby NporHo3y y nopeherby ca apyrum
oferbetbrMa bonHuLe.

Y oBOM pafly onvcaHe cy 1 cneuGpuyYHOCTA KapAnonyMoHan-
He peaHVMaLmje y canu 3a KaTeTepusauujy cpua u nocebHo
nocne cucTemMcke TOKCUYHOCTM NOKaJIHWX aHeCTeTuMKa.

C 0631poM Ha TO Aa aKyTHY 3aCToj CpLia U CMPTHW UCXOZ, TO-
KOM MHTpaonepaT1BHOT Nepuofa NpefCcTaB/bajy BeOMa peTke
KomMnnukaumje, EBponcku caBet 3a peaHnMaLujy je Npsu nyT
06jaBro Npenopyke 3a n3Boherbe KapanonyaMoHanHe peaHu-
Maumje y onepaumnoHoj canv ek 2015. roguHe.

KrbyuHe peun: akyTHY 3aCToj CpL, €TUOSIONNja, NeyYete; Kap-
AMnonynMoHanHa peaHMaLuja; onepawmoHa cana; aHecTesuja,
HeXerbeHn epeKTu; aHecTe3noNoruja, MeToae, CTaHAapPaAY; Me-
ANLMHCKe rPeLLKe, MPeBeHLMja, KOHTpona
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Cp6u Ha Kop3uum y Beankom paty - 2. geo

Cnasuua Monosuh-Oununosuh
Cekupija 3a nctopujy mepuumHe Cprickor nekapckor apywsa, beorpag, Cpbuja

CAMXETAK

Vctopuorpaduja cprckor Hapoaa U3 Benvkor pata ofana je fiy»HoO MoLIToBakbe BeMKUM bUTKama v
CnaBHVM nobefama, Huje N30CTaBMa FONITOTY MOBJIAYeHa CPMCKe BOjcKe 1 Hapopa, ConyHCKM GPOHT 1
apyre dpoHToBe. Mame je nosHata cyabriHa 35.000 cprnckux perpyTa, pacerbeHux Maaaux Jbyau, cara
CpricKe n3berne KoMoHmje W1poM eBPOMNCKUX MpocTopa 1 farbe. Liumb oBor paja je fa nctakHe cyaou-
He cpnckux u3bernmua Ha Kop3uum 1 oaa npri3Hakbe HhXoBUM NCLEIbATESbIMA, KOju Cy [ONa3nv ca
pasnnuNTMX CTpaHa CBeTa Kao NPeACTaBHULM AUMIOMATCKMX, XyMaHUTaPHUX 1 MeAULIMHCKUX MACKja
Cpbuje, OpaHuycke n Benvke bputaHuje. Kunsot nsberne cpncke konoHuje Ha Kopsnuu y ®paHLyckoj
6110 je opraHV30BaH 3anaratem NpeAcTaBHIKa KpasbeBcke Cpncke Bnage y ®paHuyckoj, OpaHuyckor
KomuTeTa 3a nomoh pareHuLmma, 6onecHrLrma n nsbernuuama, Cpnckor notnopHor doHga, bonHuua
LIKOTCKIX MeHa, NoKanHUX BNacTy 1 6pojHux nojeanHaua Ha Kopaunuw. MNocebHo je ncrtakHyta bonHuua
LIKOTCKUX >KeHa Ha Kop3nuw, Koja je 3a cpricke BOjHUKE 1 CPrICKe 13bernuLe opraHyu3osana JeguHuy
Kop3uka, ca cepguiutem y Ajauy, n3onosaHy 60onHuLy y JlazapeTy, AOK Cy ambynaHTe 1 arcnaHsepu 6unu
pacrnopeheHu no cenuma. Y Bpeme Kafa ce obenexasa cTorofumbyLa of MpBor cBeTcKor paTa y3epaha-
MO 3aXBaJIHOCT 32 NOCBEREHOCT N MOXXPTBOBakE CBVM CTPaHama, MoCce6HO BOMHMLIM WKOTCKMX XKeHa 1
ap Encu ViHrnne, ocHuBayy 1 pyKoBOAKOLlY OBE MeULIMHCKE MUCHje.

Kmbyune peun: [Npeu cBeTckm paT; dpaHLycka meamumHcka nomoh; Cpncku Lipsern kpct; Cpncku noTmop-
HY GpoHA; bonHULe WKOTCKMX XeHa; Kopawnka; Cpbwja; Encu MHrmmuc

Ap Encn UHrnunc, ocHneay n
pykoBoaunay, bonHuLe WKOTCKUX XKeHa
(The Scottish Women's Hospital for foreign
service)

Ip Encu Mop VMurnuc (Dr. Elsie Maud Inglis,
1864-1917), ocHuBau 1 pykoBopmial bomauira
HMIKOTCKMX KeHa mupoM EBpore, fomina je y
Cp6ujy anmpuna 1915. u 3amennna fp Eneonop
Conrto, koja je pyxosoauna IIpsom jegunu-
oM bonmauie mxoTckux sxeHa y Kparyjesny.
lcToBpemeHo je ocHoBaa 6onHuIe y Bame-
BY, Mnasenosny u Jlasapesny. Okynanujom
Cpbuje on6mia je na ce moBydYe 1 OCTasa 1a
HeTyje IpeKo X1bafly pambeHNKa 1 60oecHNn-
Ka y KpyueBaukoj 6omaniu. ITo moBparky y
TIOMOBMHY, OpPraHM30Baa je mpocnaBy Bupo-
BJIaHa, Ha yeny OpraHu3anMoHOT KOMUTEeTa
IIPOMOBICaa CpICKy 60pOy 3a ocmoboheme,
OCHOBaJIa HOBY GOTTHMITY U OTHIIIA Ha Pyckn
¢dponrt u Jobpyuy, y mpatmu IIpse cprcke fo-
6poBospauke fuBusyje [1, 2].

Hp Encu Mnrnuc, ocauBay 1 ,,JIOKpeTauKn
myx" wiaHnma bomHMITa MKOTCKMX XKeHa I-
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Cnuka 1. [1p Encn Mog UHrnunc (1864-1917)
Figure 1. Dr. Elsie Maud Inglis (1864-1917)
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poMm EBpore, 61a je mpBa skeHa HOCUIAIL BU-
COKOT CPIICKOT Ofi/IMKoBama — OpzeHa 6emor
opna. Memopujanna yecMa Ha IlpkBeHny, y
MazieHOBI1Y, Haj/leNIln je CIIOMeHUK T10C-
Behen np Ency Murmmc n wianunama bonuu-
I]a IIKOTCKMX JKeHa KOjM je CPIICKM Hapojf Mo-
JIUTa0 Y BpeMe paTa, Kao Jlap 3aXBaTHOCTH 3a
IbJIXOBY IJIEMEHUTOCT Y IIOXKPTBOBabe. Y 3HAK
cehama u momToBama Ha ip VHrnuc, bomauia
IIKOTCKMX XKeHa je ¢popmupaina Jeguuuny ,,Jp
Encu Marnuc® xao nojavyamwe 601HMUIIaMa Ha

ConyHnckoM ppoHTy. MeMopujanna 6omHMIa
»Ap Encu Vurmuc® y Equn6ypry je jou jeman
Off cIIOMeHUKa Koju oficeha Ha fena np Encn
WMurnuc. bucra ap Encu Vinrnuc, noknoH cpn-
CKOT Hapopa a geno VBana Memrposuha, us-
noxeHa je y Hanimonannoj ranepuju IllkoTcke,
y Exun6ypry. ITocne IIpBor cBeTckor para Ko-
muTeTy bomHmIia MKOTCKMX skeHa y JIOHAoHY 1
Epyn6ypry momornu cy usrpapmy Memopujar-
He O6omHMILIe 3a MajKy u fete ,JIp Encu VHrmc*
Ha [lepumy, y beorpany (Cmmka 1).
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Cnuka 2. bonHuua WKOTCKKX »eHa 3a Cpbe y Ajauy, Ha Kop3uuu
Figure 2. The Scottish Women’s Hospital in Ajaccio, on Corsica

Masbe je mosHaTo fia je y okBupy bonHuile mMKOTCKNX
>keHa ip VIurnnc ocHoBana Jequuuny Kopsuka, xoja je
npuxBaruia cprcke usbermie Ha Kopsnmm (Cruka 2). Ip
Ency MHrmc je muaHo nocetnia 6onuuiy Ha Kopsuumn,
6w1a 3aJ0BO/bHA PYKOBORICTBOM Ap Mepu briep u opranu-
3a1joM 6omHMLe y Ajady, Kao ¥ OpOjHMUM [yCIIaH3epuMa.
Ha camoM novetky paga 6onuuiie np Mepu Brep je ca
IIeCHAaeCT cecTapa 1 OOTHMYApKY MMajla TeKaK 3a/jaTak
7ia ,,/137Ie9N U IIOBPATY Y HOPMaJIaH XMBOT J1e0 M3HEMOITIe
CpIICKe HalMje... Buyo je To IOHOBHO CTBapaibe Haluje
CJIOM/bEHE U pacyTe II0 CBETY — OIIOPABUTH VI BPAaTUTH Y
JKUBOT JbyJie, XKeHe I Jeny, Koja ymupy* [3].

UsBewTaj ap Mepu bnep o npBoj rpynu cpnckunx
nsbernuua Ha nyTy 3a Kopsuky

MsBpuray komuTeT bomHMIla NIKOTCKUX YKeHa JJOHEO je
OJUTyKy O OCHUBaIbY jefiHe 60omHuue Ha Kopsuiy, ca noka-
1ujoM y Ajady, Koja je MMasa I1b Jja ce OpJMHe O CPIICKO]
U30€I710j KOJIOHMjI. JeHO Off CBeOYaHCTaBa O TUM JJaHU-
Ma II0Ka3yje usBemTaj ip Mepu brep, x0joj je mosepeHo
pykosozcTBo Jepuanue Kopsnka.

Ha nyty 3a Kopsuxky, nenem6pa 1915. ropuse, np brep
u3BenItasa ca 6pona ,,AmazoH [4]:

»Heseror fetiem6pa np Aupepcou (Dr. Catherine Emslie
Anderson, 1881-1934) u ja cmo oty ca cep Exaprom
bojnom u iip Hokom BHypuheM Ha 4eTBOPOLHEBHO Iy TO-
Bame y IpaBly MoHactypa (gaHaumer buromsa). Cep bojn
je mmomrao Ha mmyT y MMe CpIICKOr TOTIOpHOT (OHMA ja opra-
HM3yje nopeny noMohu nsbermiama y Bogern u Gnopuan.
Mu cmo nory ja 6MCMO BUIeNN CTarbe Y Opoj 13bermia
U IIPOLIEHV/IN IUXOBE HOTpebe 3a MeOMUIIMHCKOM IIoMohn.
HaxoH 1mTo cMo noceTnnm usbernmie y pasHuM IpafioBu-
Ma, To6mIIa caM uyiejy 0 BUXOBUM OOTHIYIKMM MOTpebama
u obumMy nocna. Y Bogenu je 610 oko 150 nsbermx mo-
POnMILIA, BIX HefleceTopo je Tpebano XuTHy nomoh, Hok je
Ipyruma Tpedasa moMoh 3a HeKOIMKO Heferpa.

»Y PIopuHN CMO BUJENN HajTy>KHMje MPU30pe CpI-
CKMX BOjHMKA, KOjU Cy Ce JOBYK/IM IIPEKO IIpeasa of

‘ DOI: https://doi.org/10.2298/SARH170704170P

Oxpupckor jesepa... Bugenn cmo 3HaTaH 6poj OHUX KOju
CY CefeNyt VIV JIeXAV LYK IyTa, UCHPIUbEHN, IJIaHA,
pameHux cronana. Hexu cy 6unn remko 6onecuu... Cep
EnBapn Bojn je cpenyo ga OBY /byAU M IECT WU CEfaM
CTOTMHA U30€erINX IOPOANUIA OCTAHY TaMO JJOK CBE He
Oyzme cipeMHO Ja Mory ja ux npume y Gnopunu. Jegan
JIeKap ¥ ABe MEAMIIVIHCKE CeCTpe 13 PyTe jefMHIILIe TOC-
JIaTV Cy fa ce OpMHY O BMMa IPUBPEMEHO, CBE TOK Ce
nusbernuiie e cMecre.

»loK je 6uo y ®nopunn, cep Exsapn mu je pexao na
je mo monacky y ColyH Halll HajXUTHYjU 1TOCao 6o na
6p30 CKIIOHNMMO M36er/Ile Ha CUTYPHO MeCTo. 3a Taj 3a-
JaTaK OH Ce OC/IOHVO Ha HAIly jexmHuLy. JJok cMo 6mnn
Ha Iy Ty, rocniohuria Xantep (Miss Hunter) opraHusopana
je pax ca mzbermuama y craHunu. IIpe momacka nurasna
cam cep ExBappa Bojia, ako >xenn fja To My pagnmo, fa
nu hemo nmaru marepujanny nomoh Cprickor mormop-
Hor (oHza 3a Ty CBPXY. [IOK CMO YeKayy Hallla COIICTBEHA
3a7y>Kerba I Paclopes, HOHYAUIN CMO Aa 06e36equmo
oco6pe. Ha Hamrem noBparky n3 ®opuHe 3aT€KIN CMO
CBe Y Haj6oJ/beM pefty — 4aj ¥ X/1e6 fia ce oKkpere n3bermiie
II0 TIOBPATKY, pasalleT MIATop Ja ce CMecTe IpeKko Hohu
¥ YTOBOPEH CBAKOHEBHI IIPEBO3 M30EITINIIA 1 BBXOBOT
IpT/bara y IpUBPEMEH JIOTOP Ha 3eM/BUIITY Y OKOJIVHY
pycke 6onuuie. Cep ExBapy je 610 3a10B0O/baH KaKo je
6p30 OpPraHN30BaH U 3aBPILIEH II0CA0, TOCEOHO IITO je TO
006aB/bEHO YIIPKOC CBIM IOTeIIKOaMa Koje cy mocrojarte
y Conyny.*

»Y06p30 HakoH oBor oH (cep Ensapp bojn) mossao Me je
¥ U3JIOKNO CBoje naHoBe. CTuria je moHyaa GppaHIrycke
Br1ajie 0 OecIUIaTHOM NpeBo3y n3bermmua fo Ajada u 3a
cMelnTaj Tamo. IIpBa rpyma Tpe6aio je yop3o fa KpeHe.
3amono Me je [ja [TOBeieM CBOjy IPYITy TAMO — M3BECTaH
6poj ocob/pa 61 MIIA0 ca CBAaKUM TPAHCIIOPTOM Kako 61
6puHyo o n3bermama mpy myrosay. OH je Xereo fa ja
Ipey3MeM YIIpaBy 3[paBCTBeHe CyxKOe 136ere Komouuje,
jep Hehe mocTojatu Apyro 60MHMYKO 0CO6/be OCKM HAC.
Hampasuo je jeman usyserak, Koju ce Tunao fip Jlunmjac
Xammnron. OHa ce IPUK/bYUYje KOIOHM)!U U BEPOBATHO
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he nmpeyseru nocao y kyhama, kao LITO je caHUTapHA UH-
criexnyja.

Ip Munujac Xamunron (Dr. Lillias Hamilton, 1858-
1925) pobena je y Ayctpanuju, 06y4nmia ce 3a MERULMHCKY
cectpy y JluBepmyiny, 3aBpinia MeauipmHCKy GpakyniTeT
3a xeHe y I[IKOTCKOj, CTEK/Ia TUTYITY JOKTOpA MEAUI{IIHE
1890. XKuserna je u pagwa y Minpuju y Kankyru (1890-94)
"'y ABraHyCTaHy, Ifie je pajyia Kao INIHI JIeKap eMu-
pa (1894-1897). AyTop je HEKOMUKO KibUTa, Koje Cy Oue
MHCIVpUCaHe beHnM 60paBkoM y ABranucrany. [ognne
1915. 6ma je wian MepuimHCKe Mucuje CpIICKOT IIOTHOP-
Hor ¢oupa — Jegnuure Komurer 3a 6pury o pameHuM
capesHunymMa (Wounded Allies Relief Committee), koja je
pagua y Cpouju un Lpuoj Topu (Ilogropuuna). Ydecrso-
BasIa je y HOB/Iadery npeko Anbanuje, a Ha COmTyHCKOM
¢dpoHTY IpuK/BYYMIa ce BOMHMIM MKOTCKMX XKeHa, Koja
je ocHOBasa 6omHMLY y Ajaudy, Ha Kopanmu.

»Ja (mp brep) npeysumam 3apaBcTBeHy Opury 3a usbe-
e Ha 6pony. [Tnaumm ce ma he ce jenna »xena mopogu-
i1 Ha 6popy 1pe Hero wTo cTurHemo Ha Kopsuky. Hagam
ce f1a ce To Hehe JOrofyTH IIpe HEero MITO CTUTHEMO, Il
y CBaKOM CJIy4ajy, MUC/IMM Jja MOYXKEMO Jia Ce MoOprHeMO
3a y. CMarpam ja he 61Ty ITyHO KOPUCHOT ITOC/IA 3a HAC
mehy Cpbuma na Kopsuu. Ogekyje ce ga he ux ramo
OUTHM IIeT VI 1IeCT Xubama“ [4].

Ap Mepu Anuc bnep, npsa ynpaBHuua bonHuye
LWKOTCKUX »KeHa Ha KOP3IIII.|III

Ip Mepu Amic Brep (Mary Alice Blair) Huje caMo y4ecT-
BOBajia y ocHUBamwYy JenuHuiie Kopsuka bonaniie mxor-
ckux xeHa Ha Kopsuny, Beh je 6muna u wena mpsa yi-
paBHuIA. bonHMIa mKoTCKMX keHa y Ajady Ha Kopsnuun
moyerna je ga papu 8. okrobpa 1915. u pagyna je fo ampuia
1919. BonHuia je Ha MOYeTKY MMaja Kanmanguret of 60
IIOCTesba, Off KOjuX je 40 6110 HaMembeHO MYLIKapIyMa I
20 >xeHaMa. [MHeKOJIOLIKY CTy4aji M HOPOAMbE CY TaKohe
6umm yxipydeHn, mTo he ce mokasaTy off HEIPOIEHbU-
Be BpegHoCTy. CBaKOHEBHO je BelMKM Opoj 6omecHmnKa
TPaXXMO MEAUIIVHCKY IIOMON Y UCTYpeHMM AMCIIaH3epu-
Mma. Kyhne mocere u obmmacy 6onecHuka y 3abaueHum
cenmMa cy Takobe O y foMeHy fenoBama 60mHILe Ha
Kopsunu. Maga notpe6a 3a XupypIiKuM UHTepBeHI1jaMa
Hje 61171a jaKo 3aCTyI/beHa, bomHMIIa MKOTCKUX JKeHa je
YCTaHOBIJIA MaJTy OIIePaLIMOHY CaJTy, IITO Ce II0KA3aJI0 KO-
pucHUM. Y TOKY HenoBama 6onHuIie o6asbeHe ¢y 72 Behe
onepanyje u 40 mamux. [lopen yecTux mojasa Manapuje,
Tpeba ucrahm fja je Tybepkynosa 6una y nopacry mebhy
YJIAHOBMIMA CpPIICKe M30erie KOJIOHYje, I1a OTyAa OfTyKa
Jia ce OCHYyje 60mHMIa-caHaTOpujyM y CamaHuey.
bonauia mMKOTCKMX >KeHa y Ajady y TOKY CBOT pafia
npumuia je oko 1.700 6omecHuKa, Off HajCTapUjUX [0
Hajmmahux 4raHOBa cpricke nsberne KonoHmje. Y MCTy-
peHuM aMOyraHTaMa U AUCIIaH3epuMa JIedeHo je 15.515
607ecHMKa, IOK je Y IOpORMIUIITY pobeHo 79 6eba.
PykoBopuorny bomHuIe ITKOTCKMX XKeHa y Ajady Oue
cy np Mepu bnep (Dr. Mary Blair), np Mepu ®ununc
(Dr. Mary Phillips), np Enusa6et Koprong (Dr. Elizabeth
Courtauld), np Marunna Maxdejn (Dr. Matilda MacPhail),
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np Epna Tect (Dr. Edna Guest) u np Onopuja Kup (Dr.
Honoria Keer). Ilopep nexapa pyKOBOAKOILA, Y OOTHY-
1y cy pagune nexapke: ap Kerpuna Emcnin Angepcon
(Dr. Catherine Emslie Anderson), np Enut Xonsej (Dr.
Edith Blake Hollway), np Coduja b. Ilexcon (Dr. Sophia
Bangham Jackson) u sp Mepu Mudonuna Ipant ®eprycon
(Dr. Mary Micholina Grant Ferguson).

Asrycta 1915. np Mepu Brep je ca cBojum ocobmem
nonyta u3 ExHrecke kao ncromoh bomHMIm MKOTCKIUX XKe-
HaHa y BajpeBy, kojoM je pykoBopumia p Anuc Xa4mHCOH
(Dr. Alice Hutchinson). Oxynanujom Cpbuje, y Beukom
IIOBJIaYelby Ca CPIICKOM BOjCKOM Cy Ce IIOBJIavNIe I ca-
Be3HIYKe MeIMIMHCKe Micuje. Tako je ap brep Ha myTy
3a Cp6ujy octana Ha COMTyHCKOM (QPOHTY.

Y nornaverse ca CPIICKOM BOjCKOM KPEHY/IM CY BeyMKa
KOJIOHA Hapofa, Xjbajie perpyTa, BelmKu 6poj Hopoania
ca genoMm u ctapuMa. Ynanosu Cprckor LlpBeHor Kpc-
Ta 3ajeJHO Ca YIAHOBMMA CaBe3HMYKIX XYMaHUTaPHUX
mpyuTasa, CprckuM NotTnopHuM ¢pounom u bomannom
IIKOTCKYX >KeHa OOUIIIN CY JIorope 130eI/Ior Hapoyia, a
MEJIUIIMHCKO 0CO0be je IIPEIOKIIO XUTHOCT pelllaBarba
BUXOBOT 36pumasama. Y ComnyHy ce fip Mepu brep ca oc-
TanuM 4aaHoBuma Ppaniyyckor komurera, Cprckor Lp-
BeHOT KpcTa 1 CpIICKOT HOTIIOPHOT POHMA OpraHN30Baa
fia IpUMY, IpeXpaHy U poHabe IpUBpeMeH CMeIITaj 3a
BeJIMKM OPOj CPICKUX M30eIINX IIOPOANIA, IIPe HUXOBOT
TpaHcriopTa y OpaHIycKy.

Cumbonyno, Ha nan boxxuha, 25. meem6pa 1915. kpe-
HYJIa je IIpBa IPyIIa ca TPUCTA U30eI/INLIa, KOjoM je pyKo-
Boguta gp Mepu brep. bpop, ,AmasoH“ ca usbermnama
IUIOBYO je IIpeKo MennTepaHa Ka KOHA4YHOj ZeCTVHALU)I
- octpBy Kopsuxka. Y6p3o je cturao jou jenan 6pog ca
500 cprickux usbermuia. JJok je bonHuIa MKOTCKUX JKeHa
IIpey3eia OpraHMU3alyjy 3EpaBCTBEHe CIyXOe 3a CPIICKY
KOJIOHUjY, wiaHuLe CpIICKOT HOTIOPHOT GOHJA CY MMasie
3ajaTakK jja paje Ha COLMja/IHUM MUTAb/MA.

PykoBogutu Jeguununom Kopsuxa y Ajauy Huje 6uo
HIMAJIO JTaK 3afiaTak. bpojoBy cy HempecTaHO IPUCTH-
3a/IM ca u3bernmmiaMa, a CBakyl HOB II0YeTaK je JOHOCKO
Ipo6ieM yKiIanama 1 aflanTypaba Ha KJIVMY, HOBe 00u-
Yaje 11 3aKOHe. ,,JJo4eKaHu Cy Kao Xepoju. A/u Kakas jajilaH
IIpU30p, OMIN CY TO CKpXaHY JbYAU, MHOTY HUCY MOITIV
fia CTOje, TOTIMKO MCTPOLIEHY I USHYPeHU, HeKu 6e3 HOrYy,
APYTHU pambeHy, CBU jaIHO 3aITyLITeHM, a/Ii OfLTyYHM, OT-
pecutu 1o nocnenmwer [3].

»Ilodenn cmo ca opranusanujom 6onunue... To je 3a-
JICTA IIPeJIeTIo MeCTO Ha AVIBHOM II0JI0Xajy, ca IOITIEfOM
IIpeKO MOpa Ha CYIPOTHY CTpaHy IJITaHMHCKe obarle.
Ysumajyhm y 063up cBe okomHOCTHM, 60MIHUIIA je AUBHA',
mucana je rociohuna Kanbapg (Miss C. M. Culbard), an-
MVHJCTpAaTUBHA pajHILIA O0MHMLIE.

Y BonHuIM MKOTCKUX )KeHa Y Ajady ca OpraHMU30-
BambeM 3IpaBCTBeHe CIyX0e, Koja je 61/I1a HaMembeHa JC-
KJBYYMBO CPIICKO]j 136€T7I0j KOMOHMjI, OCHOBAHM CY MYII-
KO, YKEHCKO U Jieyje ofie/berbe. Y usBemrTajy ap brep ox 8.
¢debpyapa 1916. roguHe cToju fa cy Hajuenrhe 6onecTu
neraBy THdyc, Manapuja, IHEYMOHMja U TYOepKy/I03a U
7ia je 6omHMITA TpUMIIa 42 TIAIVjeHTa, Off KOjIX je 6mo 24
BojHuKa. [ToyeTkom anpuia 1916. y 60mMHUIIN Ce TTeYNTIO
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MNonosuh-Gununosuh C.

Cnuka 3. [1Ip Mepwu Enuc bnep (1880-1962)
Figure 3. Dr. Mary Alice Blair (1880-1962)

62 manmjeHTa, anu ce ocehana Bemmka norpeba 3a Behum
6pojeM 60omHMYKOT 0cobba. bomHMIa ca KOMIUIETHUM
JKEHCKVIM 0c00/beM MMaJa je IOoper, IeKapKy, MeJVIIVH-
CKJX cecTapa, OOTHIYAPKY, PeHATeH TeXHUYapa, CAaHUTap-
HOT TeXHMYapa, )kKeHe modepe, Macepe, aIMIUHICTPATOPA,
KyBapulie 1 Ipasbe.

Hp Encu Marnuc je nocetuna bonHuIy mMKOTCKUX
>keHa Ha Kopsunu anpuia 1916. u 6una je Bpio 3ago-
BOJbHA pajioM Ap biiep u 1e/0KyIIHOT 60/THIYKOT 0CO0/ba.
Ip Mepu brep je umana nomoh gp Kerpun Anpepcon (Dr.
Catherine Anderson), nekapke ¢ JUIZIOMOM MeIUIIHE U3
AbeppuHa, Koja je papuna y 6omaniym of, 8. okrobpa 1915.
no debpyapa 1916. Y majy cy cturie ap Exut Xonsej (Dr.
Edith Hollway) n np Mepu ®ununc (Dr. Mary Phillips)
ca HEKO/IMKO MeJVIIMHCKMX cecTapa, a OHe Cy Beh umMare
JIeKapCcKo UCKYCcTBO y Cp6uju 1 roBOpyJIe Cy CPIICKY je3VK.

Ip Mepu Briep je pykoBopyia pagoM G0NTHUYKeE jefu-
Hune Kopsuka of moyerka opraHn3oBama TPaHCIOPTa
cprickux ns3bernuia (8. okrodbpa 1915) o cenrembpa 1916.

Ip Mepu Anuc bnep (Dr. Mary Alice Blair, 1880-1962)
(Cnuka 3) pobeHa je 27. dpebpyapa 1880. roguse y ctapoj
HIKOTCKOj mopoauniu Ha Hosom 3enanpy, y lanununy,
Ize je el oral Bunnjam Ibymam brep paguo xao Bumm
MHXXemep 3a jaBHe pafose off 1863. 1o 1890. Mepu brep
je moxabana Korer 3a eBojke y BenuHrrony npe uero
1o je ynucana Komnerr Kenrep6epn, 1898. Cpoje ctynuje
3aroyesa je Ha HOBOOTBOPEHOM Konelly Buxropunja y
BenuHITOHY, a/u je YHUBEP3UTETCKO 0OpasoBame CTe-
K/Ia Ha YHuBep3uTeTcKoM koneny y Oxnauny (Auckland
University College), 1902. roguHe. Y xe/pu fa ce 6aBu
MefunuHoM, Mepu brnep je otumna y Earnecky, rie je
cTyRupana Ha JIOHHOHCKOM MeIVIIVTHCKOM (QaKylITeTy

‘ DOI: https://doi.org/10.2298/SARH170704170P

Cnuka 4. Ip Mepw Ennzabet, Enunt” Ounmnc (1875-1956), roguHe 1919.
Figure 4. Dr. Mary Elizabeth "Eppynt” Phillips (1875-1956), in 1919

3a sxene (London School of Medicine for Women). Ilocrne
nobujeHux kBamudukanmja rekapa 1 Xupypra Ha YHu-
Bepsurety y Jlongony, 1907. ronuHe, mpoBesna je Bulle
ox fBafiecet rogyHa y Kpamesckoj 6omuniy y JIoHZoHY
(Royal Free Hospital, London), a ox 1908. no 1911. 6una
je acUCTeHT Ha aHeCTe3MUjy, OOTHIYKY XUPYPT U CTapyju
acucTeHT Ha nepujarpuju. [Tlopen npuBaTHe mpakce, IPBO
y Kencuurrony, nmotom y Bectmuncrepy, ap>ana je mpe-
IaBama U paguia Ha IIpojexty 3a jaBHy cnyx0y (Civil
Service Commision Work) [6].

3a moceOHe 3a/1yre y MOXXPTBOBAHOj MUCHUjU YKa3aHO]
cprickoM Hapopy y Bemkom paty, Cpbuja je ommnkopana
1np Mepu brep Oppenom Csetor Case, IV pepa.

IOp Kerpun Emcnu Augepcon (Dr Catherine Emslie
Anderson, 1881-1934) popuna ce y Llejnony, y nopopu-
IV y3rajuBava 4aja. MeguIHCKM QaKyITeT je 3aBpluya
1904. y A6epruny (Illxorcka). JummoMy TpoIcke Mefu-
nuHe je crekna 1911. Ha Opfermberby 3a TPOICKY MESUIIVIHY
(Department of Tropical Medicine) y Jlusepuyny. Hajsehe
UCKYCTBO je cTexna pagehu y negjoj 6omuuny y Llejmo-
HY, Ifie je U pefiaBana gedje 6omecty Ha MeguIHCKOM
daxynrery llejmona. Y toky IIpBor ceeTckor para 6mma
je wranuna bomauie mkorckux sxkeHa y ConyHy u Ha
Kopsumu. Ibeno nme ce Hanmasyu Ha MEMOPMja/THO] TIJIOUN
Yuusepsureta AGepaus. [Ip Anpepcon je 1921. rognue
nocrana wiaH KpameBckor yapysxemwa xupypra (A Fellow
of Royal College of Surgeon — FRCS).

Ap Mepu Oununc ns Barbesa

IOp Mepu Enuzaber ®ununc (Mary Elizabeth Phillips,
1875-1956) pobena je y Bency, y mogHOXjy mnaHnHe
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Cp6u Ha Kop3uum y Benvkom paty - 2. ieo

Cnuka 5. [p Mepu Ounnnc, nekap y bonHuum wWKoTckux »eHa y
BameBy 1 Ha Kop3uuu

Figure 5. Dr. Mary Phillips, a physician at the Scottish Women'’s Hospital
in Valjevo and on Corsica

EnuuT. 3aBpiunia je MeguumHy Ha MemyuuackoM daky-
tety Yuusepsureta Kapaud (Cardiff University, Medical
College) 1900. rogune, a 1eKapcKy Ipakcy obaBuia y
Kpameckoj 6omuniu (Royal Free Hospital), y Jlounony. Ha
noueTky IIpBor cBeTckor para ap PummIic ce mpuapyxmma
MEIMIIVHCKOj MUCHjY Y CacTaBy bosHMIIe ITKOTCKMX XKeHa
(Cnuka 4). IIpsa cnyx6a je 6una y 6onunuum Ha ManTiu,
I7ie je o6aB/basa Ly>KHOCT JieKapckor momohHmka ip Annic
XaunHcoH. bua je To jemyHuira bomHMIe MIKOTCKMX JKeHa
Koja je yKasama nomoh BenmukoM 6pojy pameHux Aycrpa-
nujanana u HoBosenanhana nocie 6urke Ha [anumossy.

Hp ®unumnc je ox jyna 1915. rogune paguna y JIpyroj
jemauny bonHuie mKkoTckux xeHa y Bamepy (Crmka 5),
Kao sekapcky moMohnuk ap Amuc Xauuscon. Y BameBy
ce pasborena ma je 1. centem6pa 1915. rogune Bpahena y
TOMOBUHY Ha omnopasak. [Tocne onopaska ap Pumrc je
myToBasa 1o Benmkoj bpuranmju u gp>xana mpegabarma 3a
IIPOMOLYjY JleloBamba Bomumile MKOTCKMX JKeHa.

ITocne nosnmauema cpricke Bojcke mpexo Lpue Tope n
Anb6aunnje, np ®unmuic he ce 3ajemHo ca HEKONMUKO MUJTIO-
CPIHUX cecTapa, Koje ¢y Beh 6uie y Cp6uju, Ipuk/pydn-
T bomHuIM MKOTCKMX XeHa y Ajauy, Ha Kopsunu. Ca
Kopsuke je ip ®Punuic nmcana Kako joj je Aparo mrTo je
oHoBo Mehy Cpbuma, koju cy je Tomno goyekanmu. Cpn-
CKVI palbeHNUIN U pekoBaneceHTy Ha Kopaniu 6mumm cy
cpehHM 1ITO je HeKO MOTA0 Jja VX [IO3IpaBlM Ha MaTepmbeM
jesuky. [Jp ®unuiic je 3acmys>keHo f06MIa TUTYIY HajIIo-
mynapHuje fokTopke Mehy Cp6uma, jep je omucaHa ,,kao
caBpllleHa JieKapka y cBakoM norneny . Oryzna Huje 6mo
HU 9y7I0 ITO je fip PunIic mocTaB/beHa fia yipassba bos-
HIIIOM IIKOTCKUX JKeHa, JepnannomM Kopsuka Ha Kop-
sunu. JIp ®@ununc je pykosopuna JegunuioMm Kopsuka
y Ajauy Ha Kopsunu of 1. Maja 1916. fo 4. janyapa 1917.

Y oBom nepuopny gp Pumuc je umana Benuxy nomoh u
noppuiky ap Exut brejk Xonsej (Dr. Edith Blake Hollway,
1874-1948), koja je paguna y 6onHuny ox 20. anpuia
1916. o 16. aBrycra 1916. [Ip Xonsej je roBopuia CpICKU
jep je xao nexapka IIpse jenuauie bonmunile NMIKOTCKUX
>KeHa pajuna y Kparyjesny, y Bpeme Benuke enmjemuje
neraBor Tudyca. OcHuBamweM YerspTe jenuuniie bonHue
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IIKOTCKMX JKE€Ha II0CTaB/bEeHA j€ 32 PYKOBOJMOLIA jefVIHI-
e y Jlasapesny. Ca gomackoM okymnanuje, ip Xonsej ce
nosykia y Kpymesa, roe he pagutu y bonanun ,, Ilap
Jlasap®, ca octamm wiaHuiamMa bomHmIle MKOTCKIX XKeHa,
oj;, pyKoBoAcTBOM fip Encu Vnrmmc.

[TonrynapHoct fp Mepu ®umnc notsphyje u ucnpahaj,
Kaga cy miuaguhu us Jlasapera npupennIu MO30pULIHY
IIpefICTaBy U KOHLEPT. Y IbeHy 49acT, y Ajady, jaHyapa
1917. roguHe, IpuKas3aHa je CpIcKa Bepsuja Monujepa.
OmmackoM Huje IpecTaa iweHa /bydas npema Cpbuma. [Ip
@umrc je xao mexap acucteHT (Assistant Medical Officer
of Health in Merthyr Tydfil) mokpenyna o6yKy CpIICKUX fie-
BOjaKa 3a MEIMIVHCKe CeCTpe, Koja je YCIeIHO 00aB/beHa.

Op Ennsa6et Koptong

Hp Enusaber Kopronp (Dr. Elizabeth Courtauld, 1867-
1947) pobena je xao Tpeha hepxka Ilopra Kopronga
(George Courtauld). Kanuduxopana ce 3a MEJULIVHCKY
CecTpy, aju je MMaJja jaKy >kes/by ja IIocTaHe yekap. To
Huje OUIO JTaKo, jep y je To BpeMe eKapcKa npodecuja
6y1a IIPUBIJIETOBAaHO MYIIKA IIpodecuja U ieBojKe HUCY
uMajie IPUCTYII CTyAMjaMa MefuuuHe. Tako je Enmusabet
KopTong crygupana u 3aBpIinia MeULMHY HA YHUBEP-
surery y bpucny. ITomro je o6aBnia mekapcku cTax y
KparpeBckoj 6onunuy y Jlonnony (Royal Free Hospital),
mobua je muueHNy nekapa 1901. HakoH gyroroguimer
6opaska y Muauju ap Koprong ce Bparuna y Enrmecky
npe nouetka IIpBor cBeTckor para. Komurer bonnuue
IIKOTCKMX XKeHa IocTasmo je ap Koprong 3a pykoBozpmorna
Jenuunne Kopsuka. 3amamhena je kao ocoba koja je ymp-
KOC CTpaxoTaMa ¥ TparefiijaMa paTa yHOCHIA ONTYMI3aM.
JemHOM je pekiia Ia OHa, Kao ¥ OCTaTaK cBeTa, HUKax Hehe
3a00paBUTH Te TONMHE, Te OPOjHE TEIIKO parbeHe BOjHIKE
u yaumteHe Maagoctu. Ip Kopromnp je pykosonuna Jemu-
HuoMm Kopsuka y Ajauy HajsepoBaTHuje of 13. janyapa
1916. o xpaja jyna 1917. Ilo onmacky ca Kopsuke pajguna
je y bomnunu mkoTckux xena y Pejmony, y ®paniryckoj,
oj mo4erka asrycra 1917. mo 6. mapra 1919.

Y 6omuuuy Ha Kopaunu ca np Koprong pagune cy mp
Xenena Llonc (Dr. Helena G. Jones, ox 16. ¢pebpyapa 1916.
o 16. maja 1916) u np Codu Ilexcon (Dr. Sophie Bangham
Jackson, o 30. centembpa 1916. o 25. mapta 1917). Ip
Codu Ilexcon je 1902. 3aBpunia MeguuyHy Ha Menn-
nuHckoM daxynrery y Ibykacny (College of Medicine,
Newcastle-upon-Tyne).

Ip KopTong je Hocmman cprckux u GpaHIyCKUX Off-
nukoBamwa Croix de Guerre u Legion d’ Honneur. Hocu-
Jal je ABa BucoKa ¢ppaHIyCKa OJIMKOBama Kao 3HaK
IIpU3Hamba 3a CBOjy XpabpocCT Ja HacTaBy OIepaLyjy MO
csehoM y BpeMe HelpeknHe Henpujatesbcke mapoe. Kao
BenuKopymaH KTutop bonuune Xancren y Xancreny
(Ecexc), np Kopronp je 1920. moxnonnna 4.000 yHTH,
3a U3rpafiiby HOBOT aMOyaHTHOT O710Ka y 3HaK cehama
Ha cBor onja [Topnia Kopronpa. Jlonauje je xxusena y Iep-
cecy, y Ipuncrern Ipuny, rae je npemunyia 26. nenemopa
1947. Xupypuiku 6710k XajcTesia je HelaBHO IIpecesbeH Y
HoBom3rpaheH KoMIITeKC 3rpaja, Koju je IIoHeo uMe ,,JIp
Ennsabet Koprong“ [7].
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Op Matunga Makdejn

Ip Anexcannpuna Matunga Makdejn (Dr. Alexandrina
Matilda MacPhail, 1860-1946) pobena je y IlIkoTckoj
Ha ocTpBy Ckaj. Megununy je crygupana Ha JIoHfoH-
CKOM MefMIVHCKOM (pakynreTy 3a >xeHe (London School
of Medicine for Women), THe je yCIeLIHO AUITIOMYpaa
1887. rogune. Ilocne saBplIeHNX CTyAMja MeSUIIHE, IP
Makdejn je mpeysena coy>x6y nekapke y MELUIIUHCKO]
Mucuju y inpujn.

ITocTaBmeHa je 1888. roguHe 3a MpBOT MEAUIIMHCKOT
MMCHOHApa, Kafia ce 6aBy/Ia OpPraHM3aIMjoM Tederha KeHa.
Ip Maxkdejn je y Magpacy ocHOBajIa AMCIIaH3ep 3a CUPO-
MallIHe JKeHe U eIy, HIOTOM OTBOPM/Ia Mary 6OMHNIY Yy
KOMIITeKCYy OyHIasoBa U Ty )KMBe/a U pajiuiia ToayHaMma.
IIpuxmyunna ce bonHuuy mMKoOTCKUX XeHa us Vinanje u,
MaJia joj je cpiie octano y Viuamju, 3aBonerna je Cpbe n 6mma
je BorbHa a panu Ha Kopsupy. Jly>)XHOCT ynpaBHMKa 6071-
HuIle TIpeysena je aBrycra 1917. ¥ nucmy komurety bon-
HUIIe NIKOTCKMX >KeHa OHa HaBoiM Ja je Kopsuka Hajnere
MecTo Iyie je papuina: ,Corsica is certainly the most beautiful
place she ever worked in“. PykoBonmuna je Jegunuiom Kop-
3uKay Ajauy of 2. aBrycTa 1917. o 26. HoBem6pa 1917. [Ip
Makdejn je umana y 6omanmm nomoh n mopgpmky fp Mepu
Ipant ®eprycoun (Dr. Mary Micholina Grant Ferguson), koja
je paguna y bonmHuim mkoTckux xkeHa Ha Kopsunm on 14.
cerrreM6pa 1917. 1o 9. HoBem6pa 1918.

ITpoBenene rofyiHe y N36€TIMINTBY U MOCTEANIIE CBUX
PaTHMX CTPajiamba U CTPafiaba y HOB/IavYerY Pe3ynTupae
cy Behum 6pojeM o6onenux, WTo je ykasaao Ha MoTpedy
32 OPraHM30BAHOM 3/JPaBCTBEHOM 3aIITUTOM. CpIICKM
HOTIIOPHU (HOHJ, je TTOMOTao OTBapame ITyHKTa bomHuie
IIKOTCKMX JKeHa y bacTuju, JoK je yrpaBa 60mHMIIE TOBE-
peHa np Matunpu Makdejn. Y6pso je y bactuju ocHoBaHo
u CpIICKO ITO30PUIITE, Koje je ToKoM 1917. roguHe, TpymoM
U36eTINX YMETHMKA 1 aMaTepa, YCIEIIHO IPUKa3/BaIo
HOITy/TapHe KOMajie U3 CPIICKOT )KMBOTA. 3ajIarambeM JIefu
bojn (Lady Boyle), a y3 nomoh noppa bojna (Lord Boyle) n
Ipyrux wiaHosa CpIICKOT MOTIIOPHOT (GOHJA, Y TOTOBOPY
Ca CPIICKVMM CBEIITBEHCTBOM OTBOPEHA je CPIICKa IIPKBa,
onMax fio 6omHMIE. Y TeK OTBOPEHOj CPIICKOj LIPKBU Y
bactuju ipBa cimy>x6a je ompskana 20. MapTa 1917. ronuse,
Kajia cy unHopejctBoBamu npota boxka Hukomuh n hakon
[Menrmnh. ,,Tuxo jerame u Iad >KeHa, fielie ¥ cTapara 6110
je onroBop Ha jeKTeHuja Tor faHa.“ VicToBpeMeHo, Mycuja
CpIickor OTIOPHOT GOHfA VIMasa je CBoje MOfofbope y
IBajmapckoj, Mitanuju u Pymynuju, a cBu cy pagunm ca
3ajeIHMYKIM I[MbeM — momohu cprckom Hapoxy y Cp-
6uju, y M36erMIITBY, y 3apo6/beHMYKIM Jloropyuma [8, 9].

ITocne opnacka ca Kopsnuke, ip Makdejn je npeysena
ILy>)KHOCT jleKapKe y bomuuiy mkoTckux xeHa y Canan-
mey, y PpaHIIycKkoj, Koja je Kao caHaTOpujyM 6mma Ha-
MebeHa CPIICKVIM CTYZIeHTVIMa 000/Ie/IMM Off, TYOepKyJIo-
3e. ¥ CanaHiuey je paguna of 1. pebpyapa 1918. o 1.
HOBeMOpa 1918.

ITocne [TpBor cBeTCKOT paTa BpaTuia ce y CBOjy BO/beHY
Wunujy, anu he ce papo ceharu cpricke Mmagoctn Ha Kop-
311y, KOjoj je fana obehame fa he jennor naHa moceTnTn
Cpbujy.

‘ DOI: https://doi.org/10.2298/SARH170704170P

MNonosuh-Gununosuh C.

Op Epna lect

IOp Enna Mepu Tect (Dr. Edna Mary Guest, 1883-1958)
pobena je 1883. y Jlonnony, y kaHazicKoj ap>xaBu OHTa-
puo. 3aBpInTa MeAUIMHY Ha YHuBep3uTeTy TopoHTO ¥
Toponrty, 1910. rogune. ITocie MOCTAUIITIOMCKIX CTYAUja
Ha YHuBep3uTeTy XapBapf U 1eKapcKor cTaxka y bomHu-
11 3a )xeHe 1 geny y boctony, np Tect ce mpuppyxmma
Kanapckoj meguunnckoj mucuju y Mupuju (Ludheana),
T7ie je pajIa Kao mpodecop aHaTOMMje 1 JOIIeHT Ha XU-
pypruju Ha MenniuackoM ¢axynrery 3a >xeHe (Women’s
Medical College). Mapa je Ha nmo4etky IIpBor cBeTckor
para ofibmjeHa fia Kao jeKapka Oyzie y cacTaBy CaHNTeTa,
IOIIHMje Y TOKY paTa IIOCTajIa je WIaH XMPYPIIKe eKUIle y
4yHY KaretaHa y 6omuniy Hoprxemnronump y Xjycrony
(Enrnecka), re je pagnia ox 1915. go 1917. ropuse. dp
TecT, mexapka MUCHOHAP C BEIMKMM MEJUIIMHCKIAM WC-
KyCTBOM, Pafio ce ofia3Basa nosusy Komurera bomunuie
IIKOTCKMX KeHa. Tako je gp lecT mocTaB/beHa 3a pyKoBO-
nuona Jequunie Kopsuka u pagmna ox 31. okrobpa 1917.
1o 9. janyapa 1918. Opnackom ca Kopsuke, ip Enna lect
je mpeysesna MecTo neKapa y bomHUIN MIKOTCKMX JKeHa Y
Pejmony, ®paHiycka, Ifie je mposena Maao BpeMeHa (of
1. jyna 1918. no 1. aBrycra 1918) (Cnuxka 6).

Cnuka 6. [1p Eana Mepwm lect (1883-1958)
Figure 6. Dr. Edna Mary Guest (1883-1958)

ITocne IlpBor cBeTckor pata fip Tect ce Bpatuna y Ka-
Hapny u 1919. orBopua npuBartHy npakcy. [Ip Tecr je 6una
IIpBa JKeHa Koja je aHTa)KOBaHa Y HOBOOCHOBAHOj MeJjy-
LIMHCKOj ciy6m y TopoHTy Yy BomHuny MegunuHcKor
daxynrera (Women’s College Hospital). Y oBoj 6omHuIM
np Tect je mocranma med CrenyjamHor ofie/berba 3a BeHe-
pudHa oborpema (Special Department of Venereal Disease).

3a moce6He 3aciyre XyMaHOCTH Y MEAMUIIMHCKO] M-
cuju gp Enna Mepu Tecr je ognukosana Opnenom bpu-
taHcke umnepuje (OBE - the Order of British Empire).
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Cp6u Ha Kop3uum y Benvkom paty - 2. ieo

Cnuka 7. [ip OHopuja Camepsun Knp (1883-1969)
Figure 7. Dr. Honoria Somerville Keer (1883-1969)

Kao Benmnxu 60pail 3a paBHOIPaBHOCT
JKeHa U MOJI0)Kaj JKeHa ekapa y Kana-
oy, 6upaHa je 1940. u 1941. roguHe 3a
npencenauny Penepanmje skeHa nexapa
Kanape (Federation of Medical Women of
Canada) [10].

Ap OHopwmja Kup

Cnuka 8. Cpncku yyeHnum v ctygeHTr y OpaHuyckoj
Figure 8. Serbian schoolboys and students in France

Cnuka 9. Cpncku yyeHnum y OpaHLycKoj
Figure 9. Serbian schoolboys in France

Ip Onopuja Camepsun Kup (Dr. Honoria
Somerville Keer, 26. nerjem6ap 1883 — 20.
MapT 1969) pobena je y Toponty (Ka-
Haja) of Majke Enajse CamepBuI 1 olla reHepa-Majopa
ITonarana Kupa. [lunnomMupana je MEIULIMHY U XUPYPIUjY
Ha MepuumHckoM ¢akynTeTy 3a >keHe y Ilmasrosy, 1910.
ropuHe. VIsBecHO BpeMe pafniia je Kao aeKapka y XaMu-
TOHY, a ca Imo4eTKoM IIpBor cBeTCcKOr para npuapy>Kuaa
ce bomaum mkorckux >xena (Cnuka 7).

Ip Kup je 6una y cactay Jepunuue [npron u Ibynaw,
Koja je movesa ca pagoM y PpaHITyckoj, moToM IpebadeHa
y Desbennjy, a sapprumna y Conyny, Ha ComyHcKoM GpoH-
ty. [Ip Kup je y cactaBy oBe jenunuiie paguna of 8. Maja
1915. o 21. janyapa 1918. Jenununa Iupron n tbynam y
Conyny, nop yupasoM ap En Jlynse Makunpoj (Dr. Anne
Louise Mcllroy, 1874-1968), onurpaia je 3Ha4ajHy yIOTy ¥
NeYerby CPICKUX parbeHnKa HakoH Jopuaudescke u Kajmak-
yaslaHckKe 6utke. KacHuje je jepuHmniia mocrana mosHara
1o ocHuBawy OpTonenckor nentpa Kankyra (Calcutta
Orthopaedic Centre), koju ce 6aBJO e4emeM CPICKUX
pameHuKa u yHBamza. ITo ocmobobhemy, ;p Makumpoj
je ocHoBama OpTONeCKN IIEHTap 3a CPICKE MHBANNTE,
kopi beorpapa, ncnop Apare.

HIp Kup je y Ajauy na Kopsuiu pykosopuna JequHniiom
Kopsuxa, bomauile MKOTCKMX »KeHa, KOja je eunsia 1 He-
roBasa cpricke u3bernuue Ha Kopsunu. Ip Kup je paguna
Ha Kopsniu ox 8. maja 1918. mo 15. janyapa 1919 [7, 10].

Y DomHuIM MKOTCKUX JKeHa je TpupeleHa Bemka cBeda-
HocT noBopoM boskutha, Ha fjan 25. nerjem6pa 1918. Pamenn
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" 607IECHU BOJHUII CY JOOV/IN TTOKJIOHE Off CTAHOBHMKA
Bactuje, a mocre 3ajemHndke 3aKycke npupebeH je KoHLEpT.
ITpuromHa CBe4aHOCT je OKYIIMIA BEMKM OPOj CPIICKUX
usbernmua, wiaHnie bonHuie MKOTCKuX sxeHa, CpIcKor
HOTHOPHOT (OH/IA, TOKAJTHO CTAaHOBHMIITBO bactuje, cpri-
CKO CBEIITBEHCTBO, HACTAaBHMUKE U y4eHMKe us JInieja.
IToce6HO je 6110 3amaXkeH XOp CPICKMX haka, Koju je eBao
IIAaTPMOTCKE ¥ HApOJHE IIeCMe U3 CTapOr Kpaja, 0 4eMy Cy
mvicamy u 6actujcku muctoBu. Y Cprickoj pksu y bactuju
IPUITQHUIIN CPIICKe U36eT/ie KOTIOHNUje IPUPEeIVIN CY U
cseyanocty 3a Buposnan u Ilerpospan 1918. ca cBedanum
UTyprujaMa u 6rarogapemnma y yact pohenaana Ib. B.
kpaspa Iletpa I [6] (crmke 8 m 9).

Ip Kup je 6una nocnenma ynpasHuiia 6onxuse y Aja-
4y, jep je 60mHuMIIa 3aTBOpeHa y ponehe 1919. IloBparkom
CPIICKVX M30eTnnIja y JOMOBUHY ITpecTaa je morpeba sa
OBOM BPCTOM OONHIYKE YCTAHOBE.

ITocne ITpBor cBetckor para ap Kup je kpahe Bpeme
papuia y 6omaniy y Jlanapky, y IlIkoTckoj. Tonnue 1924.
CTEK/IA je UIIOMY TPOIICKe MeJVIIHE I IIOCTasIa JIeKap
y op>xaBHOj 6omHuim y Hurepuju. Hocunar je nBa Buco-
Ka ¢paHnycka opnmukoBamwa: Croix de Guerre u Medaille
d’ Honneur. Cp6uja je np Onopujy Kup ogmmxosana Op-
nenom Cseror Case.

ITopern np Onopuje Kup na Conynckom pponry u Kop-
suny, u gp Enne lect na Kopsunn, y cacraBy bonanne
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IIKOTCKMX >KeHa Benuku 6poj Kanabana, nekapa u npy-
TOT' MEAMIVIHCKOT 0CcO6/ba IIOKPTBOBAHO je IIoMarao CpI-
CKJM BOjHUIIMMA Y KaHaICKMM 6omHnIama Ha CONMyHCKOM
¢dponty [9].

Ca Kopsuke, 6onunvapka Arnec Ilarepcon (Agnes
Paterson) nucana je cBojuMa: ,Ajauno je IMBHO MeCTO,
IajIMe, HapaHije, JIELIHNUIIM, ¥ CMOKBe Iopep nyTeBa. Ha-
JKaJIOCT 1 BPJIO TOIUIO MecTo. VIManu cMo fiBe 60onHuIlE,
jemHY BeIUKY 'OIIITY' KOja je MCTO TaKo JIeulIa pameHe
BOjHIIKe, a CITY>KIIa 1 Kao mopomymTe 3a Cpoe... Hamra
mpyra 6onHKLa 6ua je 3a MHpeKTUBHe 60/IeCcTH, Ipo3-
HULY, TU(YC UTH,. ¥ YBEK CMO MMaIVl HEKOJIMKO TeIIKNX
6omnecHuKka... CB1 cMo 6MIIM jako c/Io>KHM U cpehHn y 11e710j
jemuuuny. Yecro Ou Ha Kpajy gaHa, Kajja je IPeTOIUIO U
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SUMMARY

Historians and historical research of the role of the Serbian na-
tion in the Great War give ample respect and recognition of the
great battles and great victories. However, the exodus of the
Serbian people and its armies out of Serbia is also not forgot-
ten. Neither are the Salonika Front, nor other battlefronts. Less
well known and researched is the fate of 35,000 young Serbian
recruits, the young people dispersed to distant lands.

This research is concentrated on the fate of the Serbian refu-
gees in Corsica, on those who helped them, looked after them,
and treated them to recovery, and who themselves came there
from other parts of the world. Those Serbian refugees in Cor-
sica were looked after by the representatives of diplomatic,
humanitarian, and medical missions from Serbia, France, and
Great Britain. The life of the Serbian refugee colony in Corsica
was organized, financed, and supported by the Royal Serbian
Government in exile in France, the French Relief Committee

DOI: https://doi.org/10.2298/SARH170704170P

for the wounded, sick, and refugees, the Serbian Relief Fund,
the Scottish Women'’s Hospitals for Foreign Service, the local
authorities, and numerous individuals in Corsica.

We have paid particular attention to the Scottish Women'’s
Hospital in Corsica that provided a special hospital unit called
“Corsica Unit," situated in Ajaccio, with the isolation ward in
Lazaret, and ambulances and dispensaries located in various
villages, where the Serbian refugees were billeted. At the time
of centennial commemorations of the Great War, we want to
express our profound gratitude to the humanitarian and medi-
cal assistance from all quarters, and in particular to the Scottish
Women'’s Hospitals, and Dr. Elsie Inglis, the founder and the
leader of this medical mission.

Keywords: World War [; French medical help; Serbian Red Cross;

Serbian Relief Fund; Scottish Women's Hospitals; Corsica; Serbia;
Inglis E

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):599-606



MPUKA3 KHUTE / BOOK REVIEW

CnomeHunua npodecopy Bojucnasy LLlysakosuhy
(A tribute to Professor Vojislav Suvakovic)

Dﬂ/f i H:’
[4) oVl
(S wakevici
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MoryhHoCT fja HanMIIeM IPUKa3 KIBUTe Kao
mTo je ,,CrioMeHn1a“ OXKMBIbaBaM Kao I0-
ce6ny mpusumneryjy. Ho, To je Takobhe n Bemika
OZITOBOPHOCT KOja Ce He yMamYje TiMe mTo hy
MMeHa Koja ITIOMIE-EM CaMo I10 0Oy IToMIMHba-
TV @ O TMYHOCTMMA TOBOPUTY OHAKO KaKoO Cy
KOJIeTre U CapaiHNUIIU TOBOPHIIN.

Kako caMm HacnoB ,,CrioMeHua‘“ Kaxe, Kimby-
ra je nocsehena mpod. gp Bojucnasy Illysa-
xoBuhy.

JMako obyxBara IIMpM KOHTEKCT, TO je Ipe-
BACXOJIHO KIbJTA O jeTHOM YOBEKY ,KOji je 6110
U OTaI| ¥ CMH M MY’ U JIeKap, BUHOTpajap u
MIeTanal M paTHUK ¥ mpodecop, a Hafacse
mobap YOBEK, KOjU je 3HAO MOLITOBATY MeJIM-
IVIHCKY TPafiuIINjy, aJi je TI0Ka3nBao ¥ Herlo-
KO/Ie6/bUBO MHTEPECOBAbE 32 CBE IIITO je HOBO
y megyuuyan (b. bpm6omnh, ,,Cnomennmna
cTpaHa 81)

IIpupedunu: CreBan BaspoureBrth u Muoppar
ITaBnoBuh

Aymopu: Bnagumup Kamyx, Mapuja
Byxotuh, CreBan baporesuh, CreBan
JIutBumwenko, Muoppar IlaBnosuh,
Bbpanko bpm6omih, Pagocnas Karannh,
Mapuja borganosuh (bubnuorpadmja
panosa)

M30a8a4: AxageMyja MESUIIMHCKIX HayKa
Cprckor eKapcKor gpyumrTsa, 2017.

Obum krouze: 132 CTp., UIYCTPOBAHO

ISBN: 978-86-6061-082-1

HocrymHo Ha: http://akademija.sld.org.rs/
global/pdf/SPOMENICA.pdf

onuwTn noaAUn o0 Kibun3n

»CIloMeHu1a“ je mramnana Ha 132 crpanuie
y koje ynasu 60 ¢poTorpaduja, kao u crcax of
260 6ubmmorpadcKuxX jemyHMIA YUjH je ayTOP
npod. fp B. lysakosnh (xmwura, cenapara,
YTaHaKa, IOCTepa, KPaTKUX cafipykaja pajioBa,
pelieHsuja 1 IpeBofa).

Tematcku ce y ,,CnoMeHunn“ Moxxe us-
IBOJjUTH IIeT OI0KOBa KOje Y jeIMHCTBEHY Iie-
JIMHY TOBe3Yje IMYHOCT U paj npod. lllysaxo-
Buha. Tu 6710x0BH cy:

—-IIpod. mp B. lllyBakoBuhy y cnomen-

cehame Korera u capafjHuKa, ykpydyjyhn
U TIOCTIEiEbe peyl OTPOIITaja;

- ndextusHe 60mecty, y uuje capnahu-
Babe je YI0KeHO MHOTO 3Hamba, MICKYCTBa
U CaMOTIPErOPHOT paja (TeKCT o Masa-
pujn);

- Capapguniy u npujareby (TeKCT o npod.

Ip Muomupy Kenmanosnhy);
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- 3emsba, HAPOJ, IIOJIMTHYKA CUTYALV]ja, YKYIHN aM-
OUjeHT y KOMe Ce XXVBEJIO U PAfIO.
Hamra maxkmwa y fabeM npukasy 6uhe mpeBacxopHo
yCMepHa Ha IIpBHU OJIOK.

BOJUCJIABY LLYBAKOBUTRY Y CINTOMEH,
CA MWJETETOM

»DUO je n3y3eTHO K00Oap, IIIEeMEHUT 1 XyMaH 40BeK, Heyc-
TpAIIVBM yCIIEIIaH OpraHMU3aTop ¥ 60pal] IPOTUB CMPTO-
HOCHMX eNINJIeMIja Y HalllOj 3eM/bJ, Of/TMYaH CTPYdIbaK-
MH(PEKTOJION, Ta/IeHTOBaHM Ipodecop-Iefaror u mpu-
3HATY Hay4HUK y o6mactu nHpekronoruje” (B. Kamwyx,
»Crnomennma‘ crp. 19).

OcHoBHM 61orpadcky ofaLy HaM Kasyjy fa je poben
1925. ropune y beorpapy, rie je 3aBpLIoO OCHOBHY IIKOTY
u ruMHasyjy. Tokom Hemauke okymanyje kao yian CKOJ-
a 6uo je xammreH u 3arsapad. HapogHoocmo6opumadkoj
BOjcIy Jyroc/aBuje NIpuKby4dno ce 1944. ronune, a 1945.
mocTaje 4wiaH KoMyHucTnyuke napruje.

Mepuuymacku akynteT y Beorpany ymucao je 1945. ro-
IMHe, a 3appmno 1951. ,,buo je opmnyan cTyieHT ¥ UMao
je nere MaHupe. ... lllyne je 610 M3y3eTHO IOLITEH YOBEK
¥ I03HaTO je Mehy cTynmeHTNMa 1a OH IMYHO HMKAZIA HUje
ypajuo HUIITA JIollle APYTHMa, KOJUKO ja 3HaM CBM Ta
ImaMTe 10 J06pY, a 3a 0cTaze KOMYHMCTE ca Haler ¢a-
KynrTeTa He 611 ce Moryo pehn ncro“ (M. Bykotnh, ,,Cro-
MeHnI@" ctp. 24).

Buo je jenan o Haj6O/BMX CTYEHATa CBOje reHepallyje,
IeMOHCTpPATOP Ha (MUY U IATOJIOTUjI KOjU je CBOjUM
M3BaHPENHVIM IearOIIKUM CIIOCOOHOCTIIMA IIPUOTIVKIO
Marepyjy cTyfeHTuMa. V3abpaH je 3a acucrenra Ha Me-
AunHCKOM dakynreTy y beorpamy 1959. rogmae, 1969.
3a moueHTa, 1975. 3a BaupepHor npodecopa u 1981. 3a
penoBHor mpodecopa.

LuBunHo je Mobunucan u pacnopehen Ha Kocoso
1951. rogyue. Tamolnmba 3apaBcTBeHa CUTYyalyja 61a je
BeOoMa TellIKa, a 37 PaBCTBEHOT Kafipa OMJIo je BeoMa Mao.

»Ip Bojucnas Illysakosuh 610 je mpsu nexap y Ipu-
3peHy 1 Ha KocoBy 1 MeToxuju Koju je OIOXKIO Crenyja-
JIMCTUYKY UCTIAT U3 TPAJa I7ie je pajiuo CaBeCHO, IPelaHo
U BPJIO YCIIEIHO....

Waxo minap, gp IllyBakoBuh je cBojoM cTamTHOM Mefu-
L[MHCKOM aKTMBHOLINY II0CTa0 Ba’kKHa jaBHA JIMYHOCT Y
rpajy, OMUbEH Yy CBUM HallMOHAJTHUM cpefyuHama. buo
je BpJIO TOLITOBAH 1 npuxBaheH jep je umao cnobony na
u3pasu CBOje Bubeme cTBapu U y MeJUIIHCKO] Ipode-
CUjM M1 YOIILITE O )XVBOTHMM IIUTambJMa TOT BpeMeHa ™
(C. basporresuh, ,,Crnomennia® ctp. 31, 32).

Y Ilpuspeny ce 6aBuo poydyaBameM aHTpaKca (13 oBe
0071aCTH je ¥ JOKTOpMpao), a 1962. ydecTByje y cy3bujamy
tdyca y [Tpumrian. buo je crumenpucra C30 1963. ro-
nuHe y VIHOuju, rie ce moce6HO 6aBMO MpOyYaBameM U
cysbujameM Benmukux 6oruma (Smallpox Control). Tana
je OBlajao ca3HamyMa Koja je Ha HajBuIeM Ipodecu-
OHAJTHOM HUBOY yrnoTpebuo Ha KocoBy 1972. rognHe n
a0 OIPOMaH JOIIPMHOC CYy30ujamy enuieMije OBe OlaKe
6onmecTu.

CnomeHuua npodecopy Bojucnasy Lysakosuhy

»p Bojucnas IllyBakosuh u npod. xp Muomup Ker-
MaHoBMh cy ganonohHo omncepsupanyu 6onecHuKe u
CyMBbUBE CTy4ajeBe, IPONNCHBAIN Tepalujy, MHTepBe-
HYCa/IM Y CBUM KOMIUIMKOBAHVM CTy4ajeBuMa 60mecTn,
oIp)KaBasy KOHTAKTe ca eKCIepTIIMa 13 IPYTUX 3eMajba
n excriepruma C30. Bpro gecro je gp Ilyne 61o Ha Te-
peHy y kyhama nexxehux 60oecHuKa U 1JIXOBOj OKOTMHY
Y CBOjUM OJIyYH)M CTaBOM XpaOpuo CTAHOBHMUILTBO Ja
ce BaKI[MHUIIe Ha BpeMe. ... [lexxypao je u 6uo y mpu-
IpaBHOCTY 6€3 MKaKBOT OrpaHMYerba 1 610 IIpuMep CBUM
YIAHOBMMa KapaHTMHCKe 3ajeqHulie y Haxosunu. [Job6mo
je 3HaYajHa Ap>kaBHA NIPM3HAKA U y TO BpeMe IOCTao JIe-
TeHJIapHO MMe Y 60p6M IPOTUB OBe TEeLIKe HONECTH. ...
VcTunas je kao mpuMep BeMKOT XYMaHIICTe 1 eKCIIep-
Ta KOjU je IPEHOCHO CBOj€ 3Hambe, IMHAMUKY U €HEepPIujy
y nedery 6onecHuka ox Bapuose Bepe” (C. baspienh,
»Cromennua crp. 39).

Op 1978. no 1979. roguue 6uo je gupexrop Knnuuke
3a MHQeKTUBHe U Tpolcke 6onectu y beorpany. [Tpema
M. ITaBnosuhy (,,Ciomennna®, ctp. 100), 610 je sanamhen
Kao IMPEKTOp KOju je Ipy>kao PyKy MIafyuMa, CTUMY-
JIVICA0 VX JIa IIPEI03Hajy MofepHe MeJUIHCKe Ty TeBe,
nowTyjyhu myxoBe Harope fja ce pafioM IOTBPAE, He 3a-
Mepajyhy oHMMa Koju Cy HeroBy 671arOHaKJIOHOCT YeCTO
3abopasuu. Opnasu y Hurepujy 1979. roguse, rae ce
6aB JIeYereM TPOIICKMX 6OIecTy — moce6HO Manapuje.

IIpsu je y COP] cXBaTHO OMACHOCT U KOMIIJIEKCHOCT
XVB nndexnuje/ AVJIC-a v Hanmcao NpBy MOMyTapHY
Kbury o Tome. OCHIBAY je IIPBOT Ofie/belba 3a JIeuerhe
obonenux. ,,IToce6HO cMo ce puByIM Baoj MegnIpyHCcKoj
3HATIDKE/bY, KOjy je KPYHMCA0 IMMOHUPCKI paj] Ha OBy
AVJIC-a y nepuopy Kajja Cy ce 3alljallleH) TOM ITIoIIa-
mwhy cBu of e kinoHnmm (M. ITaBnosuh, ,,Criomennuna®
ctp. 100).

buo je pepoBHM WwiaH AkafeMuje MeIVIMHCKIX HayKa
ot 1983. ropyiHe, OMIBEHM U IOLITOBAHY IIPO(ecop, MeH-
TOp OPOjHMX MaruCTapCcKMX 1 JOKTOPCKIUX Te3a.

Ympo je dpebyapa 2010. ropue.

Y YEMY JE 3HAYAJ OBE KIbUTE

»CIIOMeHNIa“ CTpaHy I10 CTPaHY, TEKCT IO TeKCT IO YHba-
Ba nopTpeT Bojucnasa lllysakosuha, kao Mo3ank cacra-
BJbeH Off 6e30poj AparoleHux Koukuiia. MHoOre HICMO
IIOMEHYII, a CBe VX je HeMoryhe mpukasaTi.

Taj 6app cpricke ungexronoruje (M. ITaBnosuh, ,,Crio-
menua“, ctp. 100) nspacra Kpo3 TEKCTOBE OBE KIHUTE,
HaJJaXHYTO M TOIUIO HAIVCaHe, Y PEHeCAHCHN JIMK JIeKapa,
negarora, YOBEKA. [oBopno je ppaHLycKH, eHITIECK,
HeMauKI M MTaNjaHCKH je3NK, 610 je CIIopTICTa-TaKo-
aTIeTnyap, nobehrupao Ha MAXOBCKUM TYPHUPUMA, YIHO
CTYZIEHTe MeIMIVHE U IPyTe 3/[paBCTBEHE PATHIIKE, /IEINO
JbyHie, 6aBMO Ce eKCIIepUMEHTATHUM PaJioM Ha aHTPAKCY,
racio IoXkape elnujeMuja CByza Ife je Io3usaH, 6aB1o
ce, mopex MHGEKTUBHYUX 00/IeCTH, XeIIaTOJIOTMjOM U TPO-
IICKOM MefIMIITHOM, BJYICOKO IIOIITOBAO M IIPU/IPXKABaO0 ce
eTUYKVIX IIPUHIVIIA CBOje IIpodecHje, 0CTao BepaH CBOjUM
MIaflajIadkKyM MJiejaMa O jeHAaKOCTU M COLMjaIHOj Ipa-
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BJiY1, 3HATVDKE/BHO ¥ Ca €HTY3Mja3MOM TEeKUO HOBUHAMA,
BOJI€O JbyJie, KOIere, IpujaTe/be 11 CBOjy HOPOANLY, 61o
npuxBaheH, LielmbeH 1 BO/beH.

Benuko 1 mpeeno 3a jejaH /bYACKM Bek.

Cae je 10 ,CrioMeHnIa“ cauyBaja Ha CTpaHMLIaMa Kibl-
re: cehama Ha /pyzie, gorabaje, nerory sempe Cpouje, uc-
TpajHOCT y 60p6M 3a 60Jbe 3paBjbe JbYAM U 3a CABPEMEHY
MeIMIMHCKY HayKy, YIIPKOC 6pojHIM mpenpekama. Cady-
BaJa je, TakoDe, 3HauajHe MHPOpPMaILje 0 pasBojy CpICKe
(jyrocnosencke) nndexTonornje y Apyroj momosuan XX
BEKa, Te TUMe IIpeCTaB/ba JOIPUHOC Pa3BOjy UCTOPHUje
MeJMIIVHE Y Hac.

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):607-609

Cehara cy noncTpek 3a Mytajie Ha paKy/ITeTVMa U IIKO-
JlaMa Kao ¥ 3a CBe 3[JpaBCTBHE PAJJHIIKE, jep CajipiKe IIpaK-
TUYHE IIPUMEpe KMBOTA U pajia KOjy Cy OMIIN ¥ OCTam ¥
CKJIay ca TEKOBMHAMA MEIMIMHCKE HayKe VI IPYHIMIINMA
eTHKe yieKapckor no3usa. Crpanutie Kiure ,,CrioMennia“
ocTajy ga nopcehajy 6ynyhe renepanuje Ha Te BpeTHOCTH.

ITpod. np Buxropuja Llymuh
CpIicko 1eKkapcKo ApyumTBo,
AxayieMnja MEIVMIIMHCKIX HayKa,
Beorpag, Cpbuja
ecucic@eunet.rs

www.srpskiarhiv.rs
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Ilpe mogHoOme®Ha pyKonuca YpegHNUIITBY YaCOMHK-
ca ,Cprcku apxuB 3a IeTOKYIHO neKapcTBo“ (CA)
cBU ayTopH Tpeba Aa mpounTajy YOyTCTBO 3a ayTope
(Instructions for Authors), rae he mponahu cBe morpedue
nHoOpMaIje 0 MUCakby U NPUIIPEMU pajia y CKIafy ca
cTaHgapanMa yaconuca. Beoma je BaykHO a ayTopu mpu-
mpeMe paj peMa JaTUM IMPOMO3ULUjaMa, jep YKOIIKO
pyxomnc He 6yae ycknal)eH ¢ 0BUM 3axTeBUMa, YpeXHHU-
mTBOo he OIIOXUTY WK OFOUTH HErOBO yONIKOBalbe.
PapoBu o6jaBbenn y CA ce He XOHOpapuury. 3a YIaHKe
koju he ce o6jaButu y CA, camom nonyzmom paga Cpu-
CKOM apXMBY CBM ayTOPH pafia MpeHoce CBoja ayTop-
CKa IpaBa Ha u3gaBaya yacomuca — CpICKo TeKapcKo
APYLITBO.

OIIIITA YIIYVTCTBA. CA o6jaB/byje pajjoBe Koju 10
cajia HUCY HUTTIe 00jaB/beHN, Y L{elIOCTH W/IN AeI0OM, HUTH
npuxBahenn 3a o6jaBmpuBame. CA 06jaBbyje pagoBe Ha
EHITIECKOM U CPIICKOM je3uKy. 360r 60/be JOCTYITHOCTU
u Behe IMTUpPAHOCTK TIIpeNopydyje ce ayTopuMa Ja pa-
IloBe CBMX OO/MMKa Ipefiajy Ha eHImeckoM jesuky. Y CA
ce 06jaBpyjy cnemehe xaTeropuje pagoBa: yBOTHUIIY,
OpUTrVMHaMHY (HayYHU U CTPYYHNU) PafoBM, MeTaaHa/IU-
3e, IIPeIJIeHNU PAfIOBY, IPETXOIHA I KPAaTKa CAOIIIITeha,
IprKasyu 60NeCHNUKA U CIy4ajeBa, CIMKe U3 KIMHUIKe
MeyIMHe, BIJeO-1IaHL, PaJOBY 3a IPAKCY, aKTye/THe
TeMe, PaJioBI U3 UCTOPYje MeNUIIMHE U je3UKa MeIULIHE,
JINYHY CTaBOBY, HAPY4IeHU KOMEHTApY, IIIICMa YPEeIHNKY,
IpYKa3M Kibura 1 Apyru npuaosu. OpUruHamiHm pagosu,
IIPeTXOJHA U KpaTKa CAOIIIITeHha U PUKasu 60/IeCHNKa
U CIIy4ajeBa MyO/IMKYjy ce HCK/bY4MBO Ha €HITIECKOM je-
31Ky, a OCTaJIe BPCTe pajjoBa ce MOTy IIyOIMKOBaTU U Ha
CPIICKOM je3MKy CaMo II0 OfyTyLy YpegHuurrsa. Pagosu ce
YBeK I0CTaB/bajy ca Ca’KeTKOM Ha eHIVIECKOM 1 CPIICKOM
jesuKy (y ckiIoIy camor pykormca). TekcT paga KyLaru y
mporpamy 3a obpany texcra Word, portom Times New
Roman v BenmaunowM cnoBa 12 tagaka (12 pt). Ce uetupu
MapruHe MOJECUTH Ha 25 mm, BeINYNHY CTPaHMIe Ha
¢dopmar A4, a TEKCT KYLIaTU € JBOCTPYKUM IPOPELOM,
JIeBUM HOpaBHAbEM I YBIa4eHheM CBAKOT racyca 3a 10
mm, 6e3 neperva peun (xudenanuje). He kopuctntu Ta-
6ynmaTope 1 y3acTOIIHe IIpa3He KapakTepe (CIejcoBe) pagu
HOpaBHamba TeKCTa, Beh anaTke 3a KOHTPOJTY IIOpaBHaba
Ha newupy u Toolbars. 3a Ipenasak Ha HOBY CTPaHy J0-
KyMeHTa He KOPMCTUTU HU3 ,eHTepa“, Beh UCK/byunBo
omunjy Page Break. ITocne cBakor 3HaKa MHTEPIYHKIMje
CTAaBUTM CaMo jeflaH Ipas3aH KapakTep. AKO ce Y TEeKCTY
KOPMCTe CIeyjanHy 3Hau (cumMb0omn), Kopuctutu GOHT
Symbol. Tlogaunu o KopuirheHoj TUTEpaTypu y TEKCTY 03-
HavaBajy ce apaIckiM 6pojeBUMa y YIJIaCTUM 3arpasia-
Ma - HIp. [1, 2], 1 To pefocrenoM KojuM ce m0jaBibyjy y
tekcTy. CTpaHuIle HyMEePUCATH PEOM Y HOWbeM TEeCHOM
YTy, HO4YeB Off HACTIOBHE CTpPaHe.

IIpy nucamy TeKCTa Ha €HITIECKOM je3UKy Tpeba ce Ipupp-
>KaBaTH je3NIKOr cTaHmappa American English u xopucriu-
TI KpaTKe ) jacHe pedeHn1ie. 3a Ha3)Be IeKOBa KOPUCTUTH
UCK/bY4MBO reHepryKa uMeHa. Ypebaju (amaparu) ce 03-

HauaBajy (paOpuYKNM Ha3MBUMA, & MIMe U MECTO IIPOU3-
Bobaua Tpeba HaBecTM y 06/1MM 3arpagamMa. YKOIUKO ce
y TEKCTY KOpUCTe O3HaKe Koje Cy CII0j cloBa u 6pojesa,
HPELM3HO HAIMCATHU 6POj KOjI Ce jaB/ba Y CYIePCKPUIITY
wu cynckpunty (unp. *Tc, IL-6, O,, b ,, CD8). Ykonuxko
Cce HelITO yobuyajeHo muite KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

YKO/MIKO je paf [eo MarucTapcke Tese, OffHOCHO JOKTOpPC-
Ke Jucepranuje, win je ypaheH y OKBUpY Hay4qHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunty y HarmoMenu Ha Kpajy
tekcra. Takobe, YKOIMKO je paji IPeTXOJHO CAOMIITEH Ha
HEKOM CTPYYHOM CaCcTaHKY, HABeCTH 3BaHIYaH Ha3UB CKY-
I1a, MeCTO U BpeMe Ofjp>KaBamba, /ja /I je pajj U KaKko myo6-
JIMKOBaH (HIIP. MICTY VU APYTa4Mjy HACTIOB M/IN CAKETAK).

KIMHNYKA NUCTPAKMBAIBA. Knunnuka uctpa-
KUBamwa ce JeUHIITY Kao UCTpaXX1MBaba YTUIIja jef-
HOT J/IM BUILE CPefiCTaBa MM Mepa Ha MCXOJ 3[,paBjba.
Perncrapcku 6poj MCTpaXXuBarba ce HAaBOAMN Y TIOCTIEAbEeM
penmy caxkeTka.

ETMYKA CATTTACHOCT. Pykonucu o UCTpaKUBAbU-
Ma Ha JbyiuMa Tpeba fja cafipsKe U3jaBy y BUAY MICAHOT
IPUCTAaHKa UCIIUTUBAHUX 0c06a Y CKIafy ¢ Xe/ICHHIIKOM
IeKJIapalIijoM 11 0f00perbe Ha/JIeXKHOT eTUIKOT 0f6opa
fla ce MCTPasKMBambe MOYKe M3BECTI I [1a je OHO Y CKJIAJy C
IpaBHUM CTaHIapAuMa. EkcriepyMeHTaTHa MCTpaXKBamba
Ha XyMaHOM MaTepyjajay X UCIIMTHBama BpIIeHa Ha KUBO-
THbaMa Tpeba Ja cafpKe UsjaBy eTUUYKOT 060pa yCTaHO-
Be 11 Tpeba f1a Cy y carllaCHOCTH C IPaBHUM CTaHAApAUMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomuc ce mpu-
JIaXKe MMOTIMICaHa M3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpy U3jallibaBajy 0 CBAKOM Moryhem
CyKoOy MHTepeca UM HberoBOM OfICYCTBY. 3a 0faTHe
uHpOpMaIMje 0 Pa3IMIUTUM BpcTaMa cyKoba nHTepe-
ca IIOCETUTHU MHTepHeT-CTpaHniyy CBeTCKOT yApY>Kema
ypenHuKa MegnuHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) TIOJ, Ha-
31BOM ,,IlonmuTuka nsjase o cykoby nnTepeca®

AYTOPCTBO. Cse ocobe Koje cy HaBeleHe Kao ayTopu
pana Tpeba fja ce KkBanudukyjy 3a ayropctso. CBaku ay-
TOp Tpeba [ia je y4eCTBOBAO IOBO/BHO Y PaJy Ha PYKOIICY
KaKo O MOrao Jia IIpeysMe OITOBOPHOCT 32 IIeJIOKYIIaH
TEKCT U pe3y/TaTe U3HeCeHe y pajy. AyTOpcTBO ce 3a-
CHMBA caMO Ha: GMTHOM JOIPUHOCY KOHLETIIUjI Paja,
mo6ujamy pesyaTarTa WM aHAINSY U TYMadery pe3y/Tara;
IUIAaHMPAlby PYKOIINCA VIV HeTOBOj KPUTUYKO]j PeBU3UU
Off 3HATHOT MHTEJIEKTya/THOT 3Ha4aja; 3aBPIIHOM JOTepH-
Balby Bep3auje PyKoIIyca Koji ce IPUIIpeMa 3a LITaMIIarbe.

AyTopu Tpeba 1a IpuIoKe OINC JOIIPUHOCA HOjefITHAYHO
3a CBAaKOT KOayTopa y OKBUpy obpacua Submission Letter.
PuHaHCUpamwe, CaKyIbalbe IoflaTaKa MIN FeHepalHo
HaJITefambe MCTPaXMBaUKe IPyIle CaMi 110 cebu He MOTy
oIpaBaTy ayTopcTBO. CBY APYIM KOjU Cy [JOIPUHENN
u3pajyu paja, a Koju HIUCY ayTOPM PYKOIIUCa, Tpebano
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61 a 6ymy HaBefeH! y 3aXBaHILM C OIVICOM IbYIXOBOT
IOIIPUHOCA Pajy, HApaBHO, y3 IMCAHN NIPUCTaHAK.

HACJ/IOBHA CTPAHA. Ha npBoj cTrpannuyu pykomyca
Tpeba HaBecTu crnenehe: HacnoB paga 6e3 ckpahennua;
IIPefIOT KPaTKOT HACIOBa Pajia, IIyHa MMeHa Vi ITpesyMeHa
ayTopa (6e3 TMTYIa) MHAEKCHpPaHa 6pOjeBIMa; 3BAaHNYAH
Has3MB YCTaHOBA y KOjMMa ayTOPU pajie, MeCTO 1 [P>KaBy
(pemocmenoM Koji ofiroBapa MHAEKCHPaHUM 6pojeBuMa
ayTopa); Ha JHY CTpaHMIIe HABECTU UMe U IIpe3NMe, aji-
pecy 3a KOHTaKT, 6poj Tenedona, dhakca 1 umejn agpecy
ayTopa 3aJy>KeHOT 3a KOPECTIOH/ICHIINY.

CAJKETAK. Y3 opuruHamam paj, IpeTXOfHO ¥ KPaTKoO
CAOMIITEbe, METAAHAIUSY, IIPEIJIe]] IUTepaType, IPUKa3
cnydaja (6omecHuka), paf U3 UCTOpUje MefUIMHE,
aKTYelHy TeMy, paji 3a pyOpUKY je3uK MeIINHe U paf,
3a TIPaKCy, Ha IPYTOj IO pefly CTPaHUIIM JOKYMeHTa Tpeba
IPUIOXKUTHU caXkeTak pafia obuma 100-250 peun. 3a
OpUTMHAJ/IHE PafloBe, IPETXOHA M KPaTKa CAOIIITeHha I
MeTaaHa/I3e CakeTak Tpeba ga uMa cnefiehy cTpykTypy:
Yson/lum, Metone, Pesynratn, 3ak/bydak; CBakn
OJ HaBeJIeHNX CeTMeHaTa IMCaTH Kao mocebaH macyc
Koju mounme 6ongoBaHoM peun. HaBecTn HajBakHuje
pesynrare (HyMepydKe BPETHOCTHU) CTATUCTUYKE aHAJIV3E
U HUBO 3HaYajHOCTM. 3aK/by4yaK He CMe OUTH YOIIIITeH,
Beh Mopa 61TV IVPEKTHO MOBE3aH ca pesy/TaTyMa paja.
3a mpukase 60mecHMKa caxkeTak Tpeba ga uma cinenehe
memose: YBop (y MOCTIeNb0j peYeHNIIN HaBeCTH LINJb),
ITpuxas 6omecHnKa, 3aK/by4ak; CETMEHTe TaKohe mucatn
Kao 1ocebaH Macyc Koji Iounmbe 60I0BaHOM peun. 3a
oCTaJjie TUTIOBE PaJjoBa CayKeTaK HeMa IOCeOHY CTPYKTYPY.

K/IbYYHE PEYMN. Vcnop CaxxeTka HaBeCTU Off TPU JIO
IIecT K/byYHUX peun wan uspasa. He Tpeba na ce mona-
B/bajy peduy U3 HAC/IOBA, a KIbY4He peun Tpeba fa 6yay
pe/neBaHTHe WM ONUCHe. Y U3060py K/bYYHUX pedn KO-
puctutn Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITPEBOJ] HA CPIICKM JE3MIK. Ha tpehoj mo pemy crpa-
HUIIM JOKYMEHTa IIPUIOKUTU HACTIOB Pajia Ha CPIICKOM
jesuKy, ITyHa MMeHa U TIpesyMeHa ayTopa (6es TUTyIa) nH-
IekcupaHa 6pojeBuMa, 3BaHUYAH Ha3UB YCTaHOBA Y KOjU-
Ma ayTopu pafe, MecTo 1 apxany. Ha crenehoj - uetBproj
0 pefly — CTPAaHUIM TOKYMEHTA IIPUIOKUTY CasKeTaK
(100-250 peun) ¢ k/byIHUM peunma (3-6), 1 TO 3a pagoBe
y KojiiMa je 06aBesaH CayKeTak Ha eHITIeCKOM jesuKy. [IpeBop
I10jMOBa 13 CTpaHe JIUTeparype Tpeba fa byme y [yXy cpi-
ckor jesyka. CBe CTpaHe peyn Wy CHHTAarMe 3a Koje HOCToju
oxiroBapajyhe rme y HallreM jesyKy 3aMEHNUTU TYM Ha3UBOM.

YKOTNKO je paj] y Lie/IOCTI Ha CPIICKOM je3MKY (HIIp. paj us
HCTOpMje MENUILVIHE, je31Ka MeAMLVHE U fip.), TOTpe6HO
je mpeBecTy Has3uBe mpuora (Tabena, rpaguKoHa, Cu-
Ka, CXeMa) YKOJIMKO VX MIMa, LJe/IOKYITHY TEKCT Y IbIMa I
JIeTeHy Ha eHIIecKu je3uk. CaxkeTke 11 pajfioBe KOju Cy y
LIe/IOCTY Ha CPIICKOM jesuKy ayTopu u3 Cpbuje Tpeba ga
iy hupninmom.

CTPYKTYPA PAJIA. Cy TOfHAC/IOBY Ce NUIIY BETUKUM
macHuM croBuma (607). OpuruHaaHu paj, MeTaaHaIu-
3a, IIPETXO/JHO U KPATKO CAOMIITemhe 06aBesHo Tpeba a
umajy cnenehe moguacmose: Ysop (LInmb pasja HaBecTn Kao
HoCIefl Tacyc YBopa), Meroze paza, Pesynrary, [Tucky-
crja, 3aKbydak, JIuteparypa. Ilpernen mureparype unHe:
YBog, onrosapajyhn nogHacnosu, 3akby4ak, JInteparypa.
[IpBouMeHOBaHY ayTOp MeTaaHa/IN3e Y IIPErIefHOT paja
Mopa Jia HaBefie Oap IeT ayToluTaTa (Kao ayTop Wi Koay-
TOP) pafioBa IyOIMKOBAHNX Y YACOMUCMA C PEI[eH3IjOM.
KoayTopu, ykonuko ux uMa, Mopajy ia HaBefy 6ap jenan
ayTOLMTAT pafjoBa Takohe My6IMKOBAaHNX Y YaCOIMCH-
Ma ¢ pereHsujoM. [Ipukas cnydaja nnm 60o/ecHNKa YMHe:
YBop (Llwp paja HaBecTH Kao MOCIENHY Hacyc YBoaa),
[Tpukas 6omecHuka, [luckycuja, Jinteparypa. He Tpeba
KOPUCTUTH MMeHa O0JIeCHIKa, MHULUjale, HUTY OpojeBe
ucropuja 60IeCTyt, HAPOUUTO y UIyCTpanujama. [Ipukasn
6orecHNKa He CMejy MMaTH BHIIIe Off IIET ay TOpa.

I[Tpunore (Taberne, rpaduKoHe, CIVKe UTH.) TIOCTABUTH Ha
Kpaj PYKOIIVCa, @ y CAMOM TeNy TEKCTa jaCHO Ha3HAYNUTI
MeCTO KOje ce OfHOCH Ha faty npuior. Kpajwa nmosunuja
npunora 6uhe ogpebena y Toxy npunpeme paga 3a my6-
JIMKOBAbe.

CKPAREHMIIE. Kopuctuty camo Kajja je HeOIXOfHO,
1 TO 32 BeOMa JyrayKe Ha3MBe XeMUjCKUX jelberba, Off-
HOCHO Ha3uBe Koju Cy Kao ckpahenuiie Beh nmpenosHatpu-
Bu (crangapnHe ckpahenuue, kao urp. THK, cupa, XVB,
ATTI). 3a cBaky ckpahenuiy myH TepMuH Tpeb6a HaBeCTH
IIpY IPBOM HaBoDemwy y TEKCTY, ceM aKo Hije CTaHfapfHa
jemunnia Mepe. He kopuctutu ckpahenniie y Hacnosy.
Is6eraBatu kopuirherme ckpaheHnIa y caXkeTKy, amu ako
CY HeOIIXOfiHe, CBaKy cKpaheHuIly 06jacHUTY IpK ITPBOM
HaBoDhemy y TeKCTY.

JEOVIMAJIHU BPOJEBIL. V TeKcTy pazfia Ha €HITIECKOM
jesuKy, y Tabenmama, Ha TpadMKOHNMA U IPYTUM IPUIO-
31Ma JeruManHe OpojeBe mucaTy ca Ta4koM (Hip. 12.5
+ 3.8), a y TEKCTY Ha CPIICKOM je3UKY ca 3ape3oM (HIIp.
12,5 + 3,8). Kap rog je To moryhe, 6poj 3aokpy»xutu Ha
jenHy genyMariy.

JEOVIHUIIE MEPA. [ly>xuHy, BUCUHY, TeKIHY U 3a1Ipe-
MMHY U3pa>KaBaTyl y MeTPUYKUM jeAyHNIIaMa (MeTap — 11,
Kuorpaum (rpam) — kg (), mutap — ) unm BUXOBUM Aero-
BuMa. Temrmeparypy uspaxasaru y cternennma Iensujyca
(°C), kommuuHy cymncraHiie y Mmonuma (mol), a mputucax
KpBU Yy MUIMMeTpUMa XUBUHOT cTyba (mm Hg). CBe
pe3ynTare XeMaTOTOUIKNX, KIIMHNYKMX 1 OMIOXeMUjCKIX
Meperba HaBOJUTU Y MeTPUIKOM CUCTeMy npeMa Meby-
HApOJHOM cucTeMy jegmuuna (SI).

OBVIM PATOBA. IlenokynHu pyKomuc pajia — KOju 4iHe
HAC/IOBHA CTPaHa, CaXKeTak, TeKCT pajia, CIUCaK IuTepa-
Type, CBI IIPUIO3M, OFHOCHO IIOTIIVCH 3a FUX U JIETeHIa
(tabere, cnuke, rpaduKOHN, CXeMe, LPTEXM), HACTOBHA
CTpaHa M Ca)KeTaK Ha CPIICKOM je3VKy — MOpa MUSHOCUTH 3a
OPUTMHAIIHY Paji, IPETXOIHO U KPATKO CAOIIIITEbe, PaJ] U3
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JCTOpMje MeJuLHe U Iperiey aureparype o 5.000 peyn,
a 3a IIpyKa3 60JTeCHMKa, paJ 3a IPAKCY, eYKaTHBHN YIaHAK
U paf 3a pyOpUKY ,,Jesuk Menunyne™ 1o 3.000 peun; pagoBu
3a ocrajie pybpuKke Mory umMaTy Hajsuule 1.500 peun.
Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6utn y popma-
Ty avi, mp4 (flv). Y npBoM kaapy ¢pumma Mopa ce HaBeCTH:
y HagHacmoBy CpIICKM apXUB 3a I[eJIOKYITHO JIEKapCTBO,
HAC/IOB Pajia, Ipe3MMeHa ¥ MHNULIMja/Ii UIMEHA U CPeiber
CI0Ba CBUX ayTopa paja (He ¢puaMa), roayHa uspage. ¥
APYTOM Kafipy MOpa OMTH YCHUMI/bEH TeKCT paja y BULY
ancrpakxTa o 350 peun. Y nocnenmeM Kaapy ¢uama Mory
ce HaBeCTM MMeHa TeXHIIKOT 0co67ba (pexnja, CHIMaTerb,
CBET/I0, TOH, GoTorpaduja u ci1.). Y3 Buaeo-pajose foc-
TaBUTH: TOCeOHO TEKCT y BUAY arncTpakTa (o 350 peun),
jemny dororpadujy kao miaycrpanujy npukasa, usjaBy
HOTIIMCaHY Off CBET TEXHIIKOT 0cob/ba fla ce Ofipndy ay-
TOPCKUX ITPaBa y KOPUCT ayTopa pajia.

ITPMIO3M PAZTY cy taberne, cmuke (¢pororpaduje, p-
TeXMU, cXeMe, IpaMKOHM) U1 BUIEO-IPUIO3M.

TABEJIE. CBaxka Taberna Tpeba ja 6yze cama 1o ceOu J1ako
pasympuBa. Hacnos Tpeba oTkymaru usHaj Taberne, a
objammema ucroy we. Tabene ce 03HaUaBajy apancKuM
OpojeBuMa IpeMa pefocieny HaBobhema y Tekcry. Taberne
LIpTaTi UCK/bY4IMBO Y Iporpamy Word, kpo3 meun Table-
Insert-Table, y3 neduHucame TayHOr 6poja KOIOHA U pe-
moBa Koju he umHNTH Mpexy Taberne. [JlecHNM KIMKOM Ha
muuy — nomohy onuuja Merge Cells u Split Cells — cniaja-
TI1, offHOCHO aenmutu hemmje. Kymatn gponrtom Times New
Roman, BennaunoM croBa 12 pt, ¢ jeFTHOCTPYKUM IIpope-
nom u 6e3 yBnadema Tekcta. Kopninhene ckpahenntie y
Tabe Tpeba 06jacCHUTH y JIETeHM VICIIOf, Taberte.

YKO/MKO je PyKOIUC Ha CPIICKOM je3VKY, IPYIOKNUTY Ha-
3uBe Tabera u jereHAy Ha oba jesuka. Taxobe, y jenHy
Tabery, y OKBUpY ¥cTe hennje, yHeTH 1 TEKCT Ha CPIICKOM
VI TEKCT Ha €HIVIECKOM je3MKy (HMKAKO He IIPAaBUTI [iBe
Taberte ca gBa jeaukal).

CJIMKE. Cnuxke cy cBu o6muy rpadpuukmux Ipujaora u
Kao ,,cmnke“ y CA ce 06jaBibyjy pororpaduje, nprexu,
cxeMe 1 rpadukonn. Cnyke o3HaYaBajy ce apancKuM
6pojeBrMa IpeMa pefiocieny HaBobema y Tekcty. Ipumajy
ce UCK/bY4uBO gurnrante pororpaduje (LpHo-6eme umm
y 60ju) pesonyunuje Hajmame 300 dpi u popmara 3amuca
tiff v jpg (Mase, MyTHe U CIMKe JIOLIET KBajuTeTa Hehe
ce MpUXBATaTH 3a TaMIame!). YKONMMKO ayTopu He Io-
cefyjy Wy HUCY y MOTyhHOCTH [la foCTaBe AMIMTa/He
¢dororpacduje, oHIZA OpUIMHAIHE CIMKe Tpeba CKeHNpaTH
y pesomynuju 300 dpi M y OpUTMHAIHOj BeIMYINHI. YKO-
JIMKO je paji HeOIIXOHO MIYCTPOBATHU Ca BUIIE CIMKA, ¥
pany he ux 6utn 06jaB/peHO HEKONMKO, a ocTase he 6utu
y e-Bep3uju WiaHKa Kao PowerPoint mpe3enranuja (cBaka
CMKa MOopa OUTH HyMepJCaHa Vi IMaTy JIETeH]TY).

Bupeo-npunosu (mnycrpauuje pasa) Mory Tpajatu 1-3
MUHYTa n 6utn y opmary avi, mp4(flv). Y3 Bupeo moc-
TaBUTY NTOCEOHO CIVKY Koja Oy Outa MiycTpanyja BULeo-
IpyKasa y e-M3famy 1 06jaB/beHa y IITaMIIaHOM U3JIabYy.

YKOMMKO je PyKOIIUC Ha CPIICKOM je3UKY, IPUIOXKNUTY Ha-
3MBe C/IMKa ¥ JIETeHTy Ha 00a je3MKa.

Cruke ce y cBeCIV MOTY ITAMIATH y 60ju, anu JoJaTHe
TPOIIKOBE IITaMIIe CHOCE ayTOPH.

I'PAOUKOHMN. I'paduxonu tpebda na 6yny ypabenu u
mocraB/beHu y mporpamy Excel, pa 6u ce Bupnene nparehe
BpenHOCTU pacrnopehene o henyjama. Vicre rpadukone
npexonuparu u'y Word-oB TOKyMeHT, ITie ce TpapVKOHN
03HaYaBajy apallcKuM OpojeBuMa IpeMa pefoceny Ha-
Bobhema y Tekcty. CBM mofianiu Ha rpadMKOHY KyIIajy ce
y donty Times New Roman. Kopuithene ckpahenure na
rpa¢MKoHy Tpeba 06jacHUTH Y JIeTeH Y UCIIOf, TpaduKOHa.
Y mTammaHoj Bep31ju 4IaHKa BepoBaTHMje je la Tpadu-
KOH Hehe 6uTy wTaMnan y 60ju, Te je 60/be u3beraBaTn
kopuurhemwe 60ja y rpadMKOHMMA, MU UX KOPUCTUTH
PasmIIUTOTr MHTEH3NUTETA.

YKOJIVKO je PYKOINC Ha CPIICKOM je3VKY, TPUIOKUTI Ha-
31Be rpadMKOHa U JIeTeHAly Ha 00a je3uka.

CXEME (LIPTEJKM). Llprexxu u cxeMe ce JOCTaB/bajy y
jpg wnu tiff popmaty. CxeMe ce MOTY LIpTaTy U y Iporpa-
my CorelDraw v Adobe Illustrator (mporpamu 3a pag
ca BeKTOpuMa, KpusaMa). CBY HOfally Ha CXeMM KYIIajy
ce y poury Times New Roman, BenmudnHa ciosa 10 pt.
Kopuuhene ckpahenuiie Ha cxemu tpeba objacHUTY y
JIeTeH/IV VICTIOf] CXeMe.

YKOMMKO je PyKOIUC Ha CPIICKOM je3UKY, IPUIOXKUTY Ha-
3MBe CXeMa I JIETeH/Ty Ha 06a je3nKa.

3AXBAJIHUIIA. HaBecTtn cBe capafHuKe KOju Cy HOIIpU-
HeJIV CTBapaiby pajia a He UCIyhaBajy MepiIa 3a ayTop-
CTBO, Ka0 LITO Cy 0cobe Koje 06e30ehyjy TexHUUKY I10-
Moh, momoh y nucary pajia Wiy pyKoBOJie Ofie/berbeM Koje
o6e36ebhyje ommury noppuky. GuHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIEH/N]a, IOK/IOHA,
olpeMe, IeKOBa U IpyTo, Tpeba Takobe a Oyne HaBemeHa.

JIMTEPATYPA. Crncax pedepeHIy je ORTOBOPHOCT ay-
TOpA, 8 UTUPAHU YWIaHIM Tpeba fa Oyay 1aKo IPUCTY-
MaYHy YuTaolyMa qacomica. Crora y3 cBaky pedepeHiy
ob6ape3Ho Tpeba HaBecTy DOI 6poj WiaHKa (jemMHCTBEHY
HIICKY KapaKTepa Koja My je goge/bera) u PMID 6poj yko-
JIMKO je YWIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pedepeniie HyMepucaty pefHIM apanckum 6pojeBuma
npeMa pefocieny HaBobhemwa y TekcTy. bpoj pedepen-
1y He 6u Tpebao fa O6yzne Behn op 30, ocum y nperneny
JIUTEpaType, Y KojeM je Z03BO/beHO Jja ux 6yxne o 50, a
y MeTaaHanusu fo 100. bpoj nuTupaHux opUrnHaaIHNX
papmoBa Mopa 6utu HajMamwe 80% of yKynHor 6poja pe-
(bepeHIN, OfHOCHO 6POj IUTUPAHNX KIBWTA, TIOITIaB/ba Y
KIbJTaMa I ITpeTIeHUX WiaHaKa Mamby off 20%. YKOIMKO
ce nomahe MoHOrpadcke nybaMKanyje 1 WIaHIM MOTY
yBpCTUTH Y pedepeHIie, ayTOPY CY AYXKHY Ja VX IIUTUPA;y.
Behuna nptypannx Hay4YHUX 4IaHaka He 6u Tpebaso na
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6yne crapuja op et rogyHa. Huje 1o3Bo/beHO IMTHpatbe
arncrpakara. YKOMUKO je 6GMTHO KOMEHTapMCATH pe3ynTaTe
KOju Cy My6IMKOBaHN CaMO Y BUJTY QIICTPAKTa, HEOIIXOJ[HO
je To HaBeCTM y CaMOM TeKCTy paja. Pedepeniie uranaka
Koju ¢y npuxsaheHn 3a mITaMITy, anu joir HUCY 06jaBbe-
HU, Tpeba 03HAYNUTHU Ca in press I MPUIOKUTU JOKa3 O
IIpUXBaTalby pajia 3a objaB/buBambe.

Pedepenne ce nutupajy npema Bankysepckom ctumy
(yHudopMmcaHNM 3aXTeBUMa 33 PYKOIICe KOjI ce TIpe-
Zajy 61IOMeVIIMHCKIM YacOIIICHMA), KOjU je YCIIOCTaBIO
MebhyHapogHy KOMUTET ypegHNKA MEeIUIIMHCKUX Jaco-
muca (http://www.icmje.org), unju popmat kopucre U.S.
National Library of Medicine n 6a3e Hay4HUX Iy6IMKa-
uyja. [Tpumepn HaBobemwa nybnukanyja (WiaHaka, Kimbura
U IPYIUX MOHOTpaduja, eeKTPOHCKOT, He06jaB/beHOT 1
Ipyror objaB/beHOT MaTepyjaa) Mory ce poHahu Ha MH-
TepHeT-cTpaHuuu http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [Ipunukom HaBobemwa nuTeparype
BeoMa je BaYKHO IIPUAPXKABATHU Ce TIOMEHYTOT CTaHMap/a,
jep je TO jemaH of HajOUTHMjUX PaKTOpa 3a UHAEKCUPAIbe
IPWINKOM KIacuMKalije HayYHUX JacOINCa.

ITPOIIPATHO IIMMCMO (SUBMISSION LETTER). Y3
pyKoruc 06aBesHO IPUIOKUTHU 06pasal] Koju Cy MOTIHN-
CajIyi CBM ayTOPH, a KOjU Campxu: 1) usjaBy na paj mpert-
XOJIHO HUje My6IMKOBaH U [ja HIje UCTOBPEMEHO MOJHET
3a 00jaBIbMBatbe Y HEKOM JPYTOM YaCOIINCY, 2) U3jaBy fia
CY PYKOIIUC IPOYUTAIIN 11 OFOOPIIN CBYU Ay TOPY KOjU UC-
IyaBajy MepuIa ayTOpCTBa, 1 3) KOHTAKT MOfjaTKe CBUX
ayTopa y pany (anpece, nMejn agpece, TenedoHe UTH.).
Branko o6pasar Tpeba mpeyseT ca MHTEPHET-CTPaHNIIe
vacormuca (http://www.srpskiarhiv.rs).

Taxobe je morpe6HO FOCTAaBUTH KONHUje CBUX JO3BOMIA
3a: peIPOAYKOBabe IPETXOHO 00jaB/beHOT MaTepujaa,
yrnotpeby mryctpanuja u objabuBame nHbopMaLyja o
[O3HATHM JbY/MIMA JI/IU VIMEHOBabe /bYAM KOjU Cy JOIpH-
HeJIV M3pajiu paja.

YIIAHAPUHA, ITPETIIIIATA I HAKHAJIA 3A
OBPAJTY YITAHKA. Jla 6u pap 610 o6jaB/beH y daco-
nucy Cpncku apxue 3a yenoKynHo 1eKkapcmeo, CBU ayTo-
p¥ Koju Cy mexapu unu cromatonosu us Cpbuje Mopajy
6uty yranoy CpIICKOT JIeKapCKOT [pymITBa (y CKIamy
ca yraHoM 6. Craryra [pyuTsa) 3a TOOVHY Y K0joj ce
pap mpepaje Ypenuuursy. Csu fomahnm ayropu takobe
Mopajy 6utu nperitaheHy Ha 4acomuc WIN UBMUPUTH
HaKHaZy 3a obpany wiaHaka (article processing charge) 3a
TOJMHY Y KOjOj ce pafi Ipefaje Ype[HUIUTBY, Y USHOCY Off
3.000 puHapa. AyTopu 1 KOayTOpM U3 MHOCTPAHCTBA Cy
y obaBe3y fja Imate HaKHaz#y 3a oOpany wiaHaka (article
processing charge) y usHocy of 35 eBpa. YaTa y jefHoj
KaJIEH/]APCKOj TOAMHY 00yXBaTa M CBe HapeJHe, €BEHTY-
aJIHe YIaHKe, I0C/IaTe Ha pasMaTpame y Toj rogyun. Ceu
ayTOpM KOju IIJIaTe OBY HaKHA/ly MOTY, YKOMIMKO TO JKeTle,
fla IpMMajy LITaMIIaHO M3Jame Jaconuca. Tpeba Hamo-
MEHYTH Jia OBa yIIaTa HUje rapaHIyja ga he pag 6urn

npuxsahen 1 06jaben y Cprickom apxusy 3a uenoKynHo
nexkapcmeo. Obapesa mahamwa HakHale 32 00paly WIiaHKa
He OJJHOCH Ce Ha CTyfIeHTe OCHOBHMX CTYJMja 1 Ha Ipe-
TIJIATHMKE Ha YaCOIINC.

YcraHoBe (TIpaBHa /IUIIA) He MOTY IIPEKO CBOje MpeTIUIaTe
fla MICITyHe OBaj yC/IoB ayTopa (¢$usndkor mumia). Y3 pyko-
IIIC pajia Tpeba JOCTaBUTI KOMYje YIIATHUIIA 32 YIaHa-
PUHY U IIPETIUIaTy / HaKHaY 3a 0Opajly 4IaHKa, Kao JOKas3
0 yIIaTaMa, YKOJIMKO M3laBad HeMa eBUIeHIIMjy O TOMe.
Yaconmc npuxsara JoHaIuje off ClIOH30pa KOjy CHOCE JIeo
TPOIIKOBA VJIM TPOIIKOBE Y IIe/IMHU OHUX ayTOpa Koju
HMCY Yy MOTYhHOCTY fla M3MUpe HaKHa/y 3a 00pajy WiaHKa
(y TakBMM C/Ty4ajeBYMa HOTPeOHO je YaCOMMUCY CTaBUTU
Ha YBIJI OTIPABJaHOCT TaKBOT CIIOH30PCTBA).

IlonatHe nudoOpMarje 0 WiaHAPUHMA U [IPETIUIATU MOTY
ce fobutu nyreMm umejna (office@srpskiarhiv.rs) u Ha
MHTepHeT-CTpaHULM Jacomnuca http://srpskiarhiv.rs/en/
subscription/).

CJIAILE PYKOIIMCA. Pyxonuc paga 1 CBM IPUIO3Y Y3
pazn Mory ce goctaBuTu uMejnoM (office@srpskiarhiv.rs),
e/IeKTPOHCKM TIPEKO CHCTeMa 3a IIpYjaB/bUBatbe Ha MH-
TepHeT-cTpaHuy vacomnuca (http://www.srpskiarhiv.rs),
IpernopyYeHOM NOIIV/BKOM UJIV TUYHO, JONACKOM Y Yper-
HUIITBO. YKOJIMKO Ce Paji Illajbe IMOLITOM U/IU JOHOCU Y
YpegHUIITBO, PYKOIUC Ce ZOCTaB/ba OALITAMIIAH Y TPU
npuMepKa u HapesaH Ha CD (cHUM/beHU MaTepujas Tpeba
fla je MICTOBETAaH OHOM Ha TaINpy).

HATIIOMEHA. Paj xoju He ucrymaBa ycioBe OBOT YIIyT-
cTBa He MOXe 6utH yryhen Ha penensujy u 6uhe Bpahen
ayToplMa Jia Ta IoNyHe 1 ucnpase. [Ipup>kaBameM yIyT-
CTBa 3a IPUIPEMY pajia 3HaTHO he ce CKpaTUTHU BpeMe
I[e/IOKYITHOT TIpolieca 10 06jaB/bUBaba pajia y 4acoIlncy,
mTo he MO3UTMBHO yTULIATH Ha KBaJIUTET YWIAHAKA U pe-
TOBHOCT M3/Ta)Kerba YacoIInCa.

3a cBe fmofaTHe MHpOPMaIyje, MOIMMO Jia ce o6paTuTe
Ha JloJieHaBeJleHe afjpece 1 6poj TenedoHa.

AJTIPECA:
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of
the Serbian Archives of Medicine, authors should read
the Instructions for Authors, where they will find all
the necessary information on writing their manuscript
in accordance with the journal’s standards. It is essen-
tial that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives of
Medicine provides no fee for published articles. By sub-
mitting a paper for publishing consideration, authors of
a paper accepted for publication in the Serbian Archives
of Medicine grant and assign all copyrights to the pub-
lisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medi-
cine publishes papers that have not been, either in their en-
tirety or partially, previously published, and that have not
been accepted for publication elsewhere. Serbian Archives
of Medicine publishes papers in English and Serbian. For
better availability and citation, authors are encouraged to
submit articles of all types in English. The journal publishes
the following article types: editorials, original papers, meta-
analyses, review articles, preliminary and short communi-
cations, case reports, images in clinical medicine, video-
articles, articles for practitioners, current topics, history of
medicine articles, language of medicine articles, opinion es-
says, personal view articles, invited commentaries, letters to
the editor, book reviews and other articles. Original papers,
preliminary and short communications and case reports
are published in English only, while other article types may
be published in Serbian if the Editorial Office reaches such
decision. The papers are always submitted with Summary
in both English and Serbian, included in the manuscript
file. The text of the manuscript should be typed in MS Word
using the Times New Roman typeface, and font size 12 pt.
The text should be prepared with margins set to 25 mm
and onto A4 paper size, with double line spacing, aligned
left and the initial lines of all paragraphs indented 10 mm,
without hyphenation. Tabs and successive blank spaces are
not to be used for text alignment; instead, ruler alignment
control tool and Toolbars are suggested. In order to start a
new page within the document, Page Break option should
be used instead of consecutive enters. Only one space fol-
lows after any punctuation mark. If special signs (symbols)
are used in the text, use the Symbol font. References cited
in the text are numbered with Arabic numerals within pa-
renthesis (for example: [1, 2]), in order of appearance in the
text. Pages are numbered consecutively in the right bottom
corner, beginning from the title page.

When writing text in English, linguistic standard Ameri-
can English should be observed. Write short and clear
sentences. Generic names should be exclusively used for
the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a let-
ter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., *Tc,

IL-6, O,, B,,, CD8). If something is commonly written in
italics, such as genes (e.g. BRCA1), it should be written in
this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a re-
search project, that should be designated in a separate note
at the end of the text. Also, if the article was previously pre-
sented at any scientific meeting, the name, venue and time of
the meeting should be stated, as well as the manner in which
the paper had been published (e.g. changed title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any re-
search related to one or more health related interventions
in order to evaluate the effects on health outcomes. The
trial registration number should be included as the last
line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medi-
cal research should contain a statement that the subjects’
written consent was obtained, according to the Declaration
of Helsinki, the study has been approved by competent
ethics committee, and conforms to the legal standards.
Experimental studies with human material and animal
studies should contain statement of the institutional ethics
committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manu-
script must be accompanied by a disclosure statement from
all authors (contained within the Submission Letter) de-
claring any potential interest or stating that the authors
have no conflict of interest. For additional information
on different types of conflict of interest, please see World
Association of Medical Editors (WAME, www.wame.org)
policy statement on conflict of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final revi-
sion of the manuscript being prepared for publication.

The authors should enclose the description of contribution
to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or gen-
eral supervision of the research group alone cannot justify
authorship. All other individuals having contributed to
the preparation of the article should be mentioned in the
Acknowledgment section, with description of their contri-
bution to the paper, with their written consent.

TITLE PAGE. The first page of the manuscript (cover
sheet) should include the following: title of the paper
without any abbreviations; suggested running title; each
author’s full names and family names (no titles), indexed
by numbers; official name, place and country of the institu-
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tion in which authors work (in order corresponding to the
indexed numbers of the authors); at the bottom of the page:
name and family name, address, phone and fax number,
and e-mail address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, meta-analysis, review article, case re-
port, article on history of medicine, current topic article, arti-
cle for language of medicine and article for practitioners, the
summary not exceeding 100-250 words should be typed on
the second page of the manuscript. In original articles, pre-
liminary communications, and meta-analyses, the summary
should have the following structure: Introduction/Objective,
Methods, Results, Conclusion. Each segment should be typed
in a separate paragraph using boldface. The most signifi-
cant results (numerical values), statistical analysis and level
of significance are to be included. The conclusion must not
be generalized, it needs to point directly to the results of the
study. In case reports, the summary should consist of the fol-
lowing: Introduction (final sentence is to state the objective),
Case Outline (Outline of Cases), Conclusion. Each segment
should be typed in a separate paragraph using boldface. In
other types of papers, the summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or
phrases should be typed. The keywords need not repeat
words in the title and should be relevant or descriptive.
Medical Subject Headings - MeSH (http://www.nlm.nih.
gov/mesh) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of the
manuscript should include: title of the paper in the Serbian
language; each author’s full name and family name (no
titles), indexed by numbers; official name, place and coun-
try of the institution in which authors work. On the fourth
page of the manuscript the summary (100-250 words) and
keywords (3-6) should be typed, but this refers only to
papers in which a summary and keywords are compul-
sory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine’, etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) - if any — should be translated into English as well.

Summaries and articles written in Serbian by authors from
Serbia need to be written in the Serbian Cyrillic alphabet.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles, meta-analyses and preliminary and short com-
munications should have the following section headings:
Introduction (objective is to be stated in the final paragraph
of the Introduction), Methods, Results, Discussion, Conclu-
sion, References. A review article includes: Introduction,
corresponding section headings, Conclusion, References.

The firstly named author of a meta-analysis or a review ar-
ticle should cite at least five auto-citations (as the author or
co-author of the paper) of papers published in peer-reviewed
journals. Co-authors, if any, should cite at least one auto-
citation of papers also published in peer-reviewed journals.
A case report should consist of: Introduction (objective is to
be stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients, ini-
tials or numbers of medical records, particularly in illustra-
tions, should be mentioned. Case reports cannot have more
than five authors. Letters to the editor need to refer to papers
published in the Serbian Archives of Medicine within previ-
ous six months; their form is to be comment, critique, or
stating own experiences. Publication of articles unrelated to
previously published papers will be permitted only when the
journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter — 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references,
all enclosures including captions and legends (tables,
photographs, graphs, schemes, sketches), title page and
summary in Serbian — must not exceed 5,000 words for
original articles, preliminary and short communications,
review articles and articles on history of medicine, and
3,000 words for case reports, articles for practitioners, edu-
cational articles and articles for “Language of medicine”;
for any other section maximum is 1,500 words.
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Video-articles are to last 5-7 minutes and need to be sub-
mitted in the flv video format. The first shot of the video
must contain the following: title of the journal in the heading
(Serbian Archives of Medicine), title of the work, last names
and initials of first and middle names of the paper’s authors
(not those of the creators of the video), year of creation. The
second shot must show summary of the paper, up to 350
words long. The final shot of the video may list technical staff
(director, cameraman, lighting, sound, photography, etc.).
Video-articles need to be submitted along with a separate
summary (up to 350 words), a single still/photograph as an
illustration of the video, and a statement signed by the techni-
cal staff renouncing copyrights in favor of the paper’s authors.

To check the required number of words in the manuscript,
please use the menu Tools- Word Count, or File-Proper-
ties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explan-
atory. The title should be typed above the table and any
explanatory information under the table. Tables should be
numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table-Insert-Table, inserting
the adequate number of rows and columns. By the right
click of the mouse, use the options Merge Cells and Split
Cells. Use Times New Roman, font size 12 pt, with single
line spacing and no indent to draw tables. Abbreviations
used in tables should be explained in the legend below
each respective table.

If the manuscript is entirely in the Serbian language, tables
and corresponding legend should be both in Serbian and Eng-
lish. Also, the table cells should contain text in both languages
(do not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published
as ‘figures’ in the Serbian Archives of Medicine. Figures
should be numbered in Arabic numerals in order of cita-
tion in the text. Only original digital photographs (black-
and-white or color), of minimum 300 dpi, and jpg or tiff
format, are acceptable (small, blurry and photographs
of poor quality will not be accepted for publishing!). If
authors do not possess or are not able to provide digital
photographs, then the original photos should be scanned
in 300 dpi, and saved in original size. If a paper needs to be
illustrated with a considerable number of figures, several
tigures will be published within the paper, and the rest will
be available in the electronic version of the paper as a Pow-
erPoint presentation (every figure needs to be numbered
and be accompanied by legend). Video-enclosures (illus-
trations of a paper) can last 1-3 minutes and are submitted
in the flv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used
as a placeholder in the electronic version of the paper, and
as an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but pos-
sible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word docu-
ment, numbered in Arabic numerals by order of citation
in the text. The text in the graphs should be typed in Times
New Roman. Abbreviations used in graphs should be ex-
plained in the legend below the respective graph. In the
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