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PROPERTIES OF SOME SPECIES OF THE GENUS
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ABSTRACT

Galium verum L. and Galium mollugo L. are perennial
herbaceous plants, belonging to the Rubiaceae family. Several
classes of bioactive compounds, such as iridoid glycosides,
phenolic compounds, anthraquinones and triterpenes, as well
as small amounts of tannins, saponins, essential oils have been
isolated from Galium species so far. Plants belonging to this
genus have a long history of use in a traditional medicine for
the treatment of many diseases and conditions. The main ap-
plication of G. verum is as diuretic, choleretic and as the treat-
ment for gout and epilepsy. On the other hand, G. mollugo
has been used to treat hysteria, epilepsy, as vulnerary. Over
the past decades, numerous papers have been published refer-
ring to the chemical constituents presented in G. verum and
G. mollugo extracts. Additionally, chemical composition and
pharmacological effects of G. verum have been investigated,
however data related to the effects of G. mollugo is limited. In
this review, we summarized the current knowledge on the phy-
tochemical and pharmacological properties of G. verum and
G. mollugo. Finally, we proposed directions for future research
in this field, which can improve our understanding of the po-
tential health benefits of Galium species.

Keywords: Galium verum, Galium mollugo, biological
activity, chemical composition

INTRODUCTION

Galium genus belongs to the Rubiaceae family and com-
prises about 400 herbaceous plant species, 145 of which are
distributed in Europe (1). Furthermore there are 37 species
from Galium genus distributed in Serbian flora (2). Among
them, the herb Lady's Bedstraw (G. verum L.) is renowned for
the most frequent use in traditional medicine (3). It is com-
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SAZETAK

Belo i zuto ivanjsko cvele su visegodisnje zeljaste biljke
koje pripadaju porodici Rubiaceae. Do sada je iz roda Ga-
lium izolovano nekoliko vrsta bioaktivnih jedinjenja, kao
Sto su iridoidni glikozidi, fenolna jedinjenja, antrahinoni,
triterpeni, kao i male koli¢ine tanina, saponina i etarskih
ulja. Biljne vrste iz ovog roda imaju dugu istoriju upotrebe
u tradicionalnoj medicini u lecenju mnogih bolesti i sta-
nja. Glavna primena belog ivanjskog cveca je kao diuretik,
holeretik i u leenju gihta i epilepsije. S druge strane, Zuto
ivanjsko cvele se koristi u leCenju epilepsije i histerije, za
zarastanje rana. Tokom proteklih decenija objavijeni su
brojni radovi koji se odnose na hemijska jedinjenja prisut-
na u ekstraktima zZutog i belog ivanjskog cveéa. Dodatno,
hemijski sastav i farmakoloski efekti belog ivanjskog cveca
su proucavani, dok su podaci o efektima Zutog ivanjskog
cveéa ograniceni. U ovom preglednom radu smo rezimirali
trenutna saznanja o farmakoloskim i fitohemijskim karak-
teristikama Zutog i belog ivanjskog cveca. Konacno, pred-
lozili smo smernice za bududa istraZivanja u ovoj oblasti,
koja bi mogla poboljsati nase razumevanje potencijalnih
zdravstvenih koristi roda Galium.

Kljucne reci: belo ivanjsko cvece, Zuto ivanjsko cvele, bi-
oloska aktivnost, hemijski sastav

mon throughout Europe, North Africa and Asia, tropical Asia
and Europe, but it can occur in southern Canada and north-
ern U.S. In addition, G. mollugo (hedge bedstraw or false ba-
by’s breath) is widely distributed in Europe and North Africa
and it is naturalized in the Russian Far East, New Zealand,
Norfolk Island and much of North America (4).
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Descripiton

G. verum L. is a perennial herbaceous plant, with elon-
gated stems growing to 60-120 cm. Leaves are glossy and
dark green, while flowers are golden yellow, grouped in
many-flowered panicles. The aerial parts of this plant are
collected during dry and sunny days of the blooming pe-
riod. Its golden yellow flowers are present from June to Sep-
tember. It occurs at elevations between sea level and 2.600
m, at mountain meadows and temperate grasslands.

Galium mollugo L. is a perennial herb, with the stems
growing to 15-100 cm, with bright green leaves and white
to greenish white flowers. The flowering period extends
from May to September and arterial parts are collected
during dry and sunny days of the blooming period (2-4).

Since both G. verum and G. mollugo have a perennial
habit they can be easily confused. What make them dif-
fer are stems, which are thinner and firmer in case of G.

Table 1. Iridoids in G. verum and G. mollugo species

Source G. verum

Chemical name

verum, while the panicles in G. mollugo are looser, almost
leafless (4).

Chemical constituents

Several kinds of bioactive compounds have been iso-
lated from Galium species so far. Previous phytochemical
investigations of the G. verum and G. mollugo species re-
ported the presence of iridoid glycosides, phenolic com-
pounds, anthraquinones and triterpenes, as well as small
amounts of tannins, saponins, essential oils, waxes, pig-
ments and vitamin C (3).

Iridoids
It's been known that both G. verum and G. mollugo are

rich in iridoids (Table 1). Secogalioside is marked as an im-
portant chemotaxonomic marker of the G. mollugo group (1).

Source G. mollugo

References References
Mi g
. Bojthe-Horvath K et al >° itova
Asperuloside Demi; 5 Iavarone C*
rezer Uesato S°
1 1
., Bojthe-Horvath K et al >¢ LA Mlg
Monotropein Demirezer LO7 lavarone C'
Uesato S’
Scandoside Bojthe-Horvath K et al *° Lavarone C*
J Uesato S°
Geniposidic acid Bojthe-Horvath K et al *° Uesato S’
e Bojthe-Horvath K et al >° . .
Deacetylasperulosidic acid Demirezer LO Mitova MI
; 1
. ., Bojthe-Horvath K et al >¢ LA
Asperulosidic acid , . lavarone C*
Demirezer LO o
Uesato S
6-0-epi-acetylscandosid Demirezer LO” Nf
Daphylloside Demirezer LO” Nf
Apigenine glycosides Mitova MI* Mitova MI'
Luteoline glycosides Mitova MI' Mitova MI*
Diosmetin glycosides Mitova MI' Mitova MI'
Deacetyl-daphylloside Demirezer LO” Nf
6-O-epi-acetylscandosid Demirezer LO” Nf
Loganin Mitova MI' Iavarone C*
Secogaliosid Mitova MI' Uesato S’
Mitova MI"
- i i Il
6-acetylscandoside Mitova M. lavarone C°
L Mitova MI'
Galioside Nf Uesato S°
Mollugoside Nf Mitova MI*
. Mitova MI*
Secogalioside Nf Uesato S°
Gardenosidic acid Nf Uesato S’
. lavarone C*
Scandoside methyl ester Nf Uesato S°
. lavarone C*
Daphylloside Nf Uesato S°
10-hydroxymorroniside Nf Uesato S°
10-hydroxyloganin Nf lavarone C*

*Nf-not found so far
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Table 2. Phenolic compounds in G. verum and G. mollugo species

Chemical name

Isorhamnetin

Isorhamnetin 3-O-a-L-rhamnopyranosyl-(1-6)-$-

D-glucopyranoside
Kaempferol

Quercetin

Diosmetin

Diosmetin 7-O-$-D-glucopyranoside
Diosmetin 7-O-f-D-xylopyranosyl-
(1-6)-B-D-glucopyranoside

Diosmetin 7-O-a-L-rhamnopyranosyl-
(1-2)-[B-d-xylopyranosyl-(1-6)]-B-d-
glucopyranoside

3,5,7,3,4,3%5",7,3”,4””-decahydroxyl-[8-CH(2)-8”]-

biflavone
Quercetin

Quercetin-3-O--D-glucopyranoside
Fisetin

Chrysin

Catechin

Epicatechin

Coumaric acid

Ferulic acid
Hesperidin

Astragalin

Rutin

Hyperozide
Rutoside
Hispidulin

Chlorogenic acid

Caffeic acid

Luteoline
Chalcone

Phenolic compounds

Phytochemical investigation of G. verum L. has led to
the isolation of several phenolic compounds in G. verum
and G. mollugo extracts (Table 2). Chemical analysis of
ethanolic extracts [30, 50 and 70% (w/v)] of G. verum
was observed and the results indicate that concentration
of certain phenolic depends on the solvent (12). Quali-
tative differences in the flavonoid fractions between G.
verum and G. molugo species exist, suggesting that the
content of the flavonoids is about three times higher in
G. verum (13). Regarding the amount of phenolics ob-

Source G. verum
References

Zhao C et al'*!!
Matei AO et al ** Al

Source G. mollugo
References

Zhao C et al'®" Nf
Zhao C et al'®"!

Viase L*® N
Zhao C et al'®" Nf
Zhao C et al®" Nf
Zhao C et al'*" Nf

Zhao C et al'®"! Nf

Zhao C et al" Nf

Zhao C et al" Nf

Matei AO et al*® Viase L et al®
Vlase L et al'® Matei AO et al?

Zhao C et al'! Nf
Matei AO et al? Nf
Matei AO et al®” Nf
Matei AO et al” Nf
Matei AO et al” Nf

Matei AO et al?
Vlase L et al®

Matei AO et al'?
Viase L et al'®

Matei AO et al”? Nf

Viase L et al®

Vlase L et al™

Demirezer LO” Demirezer LO”

Tamas M* Tamas M*

Demirezer LO”

Matei AO et al” Tamas M*

Tamas M* Vliase LS

Vlase L*®

Tamas M* Tamas M*

Tamas M et al’ Tamas M et al’

Mocan A et al'* Mocan A et al™*
H 11

%ZZ?A?; tal Tamas M*? 3

Mocan A et al'* Mocan A et al’

Matei AO et al** Tamas M*

Tamas M* Mocan A et al**

Mocan A et al* Vlase L'*®

Nf Vlase L'

Shafaghat A'® Nf

tained by different extraction techniques (maceration,
reflux and ultrasonic extraction), it was shown that the
highest amount of phenolics from G. mollugo extracts
has been obtained by the reflux extraction. Authors ex-
plained this fact by oxidation and degradation of some
bioactive compounds during sonication of the aqueous
solution. In addition, increased solubility of phenols and
flavonoids in the extracting solvent at higher extraction
temperatures may be an explanation for such composi-
tion of the extracts (17).
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Terpenes and anthraquinones

Data suggests the presence of triterpenic saponins
in Gallium species (18). However there is a lack of data
referring to the amount of terpens in G. verum or G.
mollugo. Two monoterpene glycosides, such as betul-
albuside A and (2E)-2,6-dimethyl-2,7-octadien-1,6-diol-6-
O-B-glucopyranoside were isolated from the aerial parts of
G.verum (7). In the ethanolic extract of G. verum L 1,3-di-
hydroxy-2-methylanthraquinone, physcion, 2-hydroxy-
1,3dimethoxyanthraquinone and 2,5-dihydroxy-1,3-dime-
thoxyanthraquinone were identified (19). It’s been shown
that anthraquinones are located in the vacuole of G. mol-
lugo (20). In addition, anthraquinones production from G.
verum lines of calus was proven as well (21). Unfortunately,
data regarding the presense of anthraquinones and trit-
erpenes in this Galium species is limited, thus suggesting
that they are probably present in a smaller quantities com-
pared to other bioactive compounds.

Mineral composition

A significant chemical compounds identified in white
lady’s bedstraw are certainly minerals such as potassium,
calcium and magnesium (22, 23). Study which examined
mineral composition of the extracts of G. mollugo flowers
obtained by maceration, extraction under reflux and ul-
trasonic extraction, using atomic absorption spectrometry,
suggested that the highest calcium and magnesium yield
could be achieved at the ultrasonic extraction, while type of
extraction didn’t affect K yield (23).

Phytosterols

Phytosterols, known as plant sterols structurally similar
to cholesterol, may also be found in Galium species. It’s
been reported that G. mollugo was richer in B-sitosterol
(19.02 + 7.24 pg/g) and campesterol (15+0.08 pg/g) than
G. verum (85.46 + 1.24 ug/g for B-sitosterol and 9.86 + 0.04
ug/g for campesterol) (14).

Essential oil

Essential oil obtained by hydro-distillation from the
aerial parts of G. verum contains f3-caryophyllane, caryo-
phyllene oxide, germacrene D, terpinene, benzyl alcohol,
squalene and cis-3-Hexen-1-ol (24, 25). On the other hand,
essential oil from the aerial parts of G. mollugo is yellow-
green oil which was rich in palmetic acid, tetradecanal and
ethyl linoleolate (26).

G. verum and G. mollugo usage
Galium species have been traditionally used for the
treatment of many diseases and conditions. Furthermore

they are renowned for its usage in milk coagulation due
to an enzyme in their chemical composition and that’s the
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reason for knowing this plant as “Yogurt herb” (3, 14, 27).
In Scotland the plant is still used in cheese manufactur-
ing. Since the coumarin scent of the plants acted as a flea
killer, dried plants were widely used to stuff mattresses (3,
27). Furthermore, G. verum may serve as a food additive
and yellow and red pigments presented in its aerial parts
and roots allow usage of this plant in dyeing (10). However
there is a limited number of studies which examined the
effects of G. verum and G. mollugo extracts both in animal
models and humans.

Pharmacological effects of G. verum and G. mollugo

Studies which evaluated the effects of Galium species
predominantly were conducted in Asian people. This is ex-
pected since traditional medicine is more present in their
culture and everyday life compared to Europe and USA
continents (27). G. verum has been studied both chemi-
cally and pharmacologically, however there is a little data
related to the effects of Galium mollugo (17).

Anticancer effects

Recommendations for using G. verum in the treatment
of tongue cancer are supported by the reports of patients
with tongue and larynx carcinome successfully treated
with the tea of this plant. G. verum decoction was proved
to inhibit the chemo-sensitive and -resistant laryngeal
carcinoma cell lines growth, thus suggesting its possible
concomitant therapeutic use for oral or head and neck
cancer (27). Hartwells’ survey indicate that G.verum has
been traditionally used in Europe and Northern America
for the treatment of cancerous ulcers or breast cancer
(28). In support of that, there is a data that its ethanolic
extract may inhibit the proliferation of human breast can-
cer cells and induce cell death by apoptosis. Furthermore
diosmetin, a flavon, extracted from the traditional Chi-
nese herb G. verum L was tested on cervical cell lines and
it was shown that it inhibit the tumor growth and protect
tumor-induced apoptosis of thymus (29). To our knowl-
edge there are no studies which proved anticancer effects
of G. mollugo species.

Effects on central nervous system

The aerial parts of G. verum were traditionally used as
sedative (3, 30, 31) and that was confirmed by an ethno-
botanical study on the usage of wild medicinal herbs from
Central Serbia (32). It’s been proposed that chemical com-
pounds such as iridioides (asperuloside) are responsible for
sedative effects of Galium species (31). Upper herbaceous
parts of G. verum have been renowned for beneficial ef-
fects on nervousness and phobias (3). Furthemore, both G.
verum and G. mollugo species have been used in traditional
medicine in the treatment of epilepsy and hysteria (14, 33,
34). There is an evidence that G. mollugo is used as a nerve
relaxant (34). Hispidulin, which is proven benzodiazepine



receptor ligand, was recently discovered in some Galium
species and may be responsible for the anticonvulsive ef-
fects of these plants (15, 35).

Effects on gastrointestinal, renal, hepatobiliary and
urinary system

G. verum tea has diuretic effect and it may contribute
to the cure of pyelitis or cystitis (14, 30, 33). It is effective in
cases of bladder and kidney irritation, kidney stones and as
anticolic as well (33, 36). G. verum may be used as spasmo-
lytic, against diarrhea and in the treatment of some stom-
ach complaints (3, 14, 17). In addition, upper herbaceous
parts of G. verum exert effects on liver disorders and acts
as choleretics and cholagogue (3, 7). In China it has been
used to treat hepatitis (37). There is little data about the
pharmacological effects of G. mollugo on the function of
these systems, but taking into consideration similar chemi-
cal composition, we may assume that this species exert
similar activity to G. verum.

Other pharmacological effects

It’s been reported that both G. verum and G. mollugo
may be useful in the treatment of skin disorders, exoge-
nous treatment of psoriasis or wound healing (3, 27, 32). In
addition G. verum is effective as diaphoretic and depura-
tive, while G. mollugo as antiscorbutic (3, 30, 34). Among
various therapeutic properties of these species, G. verum
herba has beneficial effects on cardiovascular diseases,
treatment of gout and rheumatic diseases in folk medicine
(3, 17). Galium verum extract applied to the animals ex-
posed to anakinetic stress led to a significant stimulation of
secretory activity of thyroid and ovary, and to an increase
in adrenal and glucocorticoid hormone synthesis (31, 38).

Antioxidant activity

There is an evidence that plants from Gallium genus
possess natural antioxidants. Extracts from aerial parts of
G. verum express very strong scavenger activity in a dose
dependant manner. That antioxidant activity was deter-
mined via the neutralization of 2,2-diphenyl-1-pycrylhy-
drazyl (DPPH) radicals, hydroxyl (OH") radicals, hydrogen
peroxide (H,0,) and inhibition of lipid peroxidation (3).
These results are confirmed by several authors, thus quali-
fying G. verum as a promising natural source of antioxi-
dants (15, 30, 39). Other researchers revealed that metha-
nol extract had greater antioxidant activity than its water
extract, while examining G. verum aqueous and methano-
lic extracts in the range 50-500 mg/L (39). Furthermore
there was an investigation reporting that compounds
found in methanol extract of G. verum exerted riboflavin-
originated superoxide and xanthine-originated superoxide
quenching activities (40). By comparing the antioxidant
potential of different extracts, such as aqueous, 30%, 50%
and 70% alcoholic, it was noticed that the highest potential

may be expected from 50% alcoholic G. verum extract (41).
Methanolic extract of G. verum exerted great antioxidant
potential in tested models which included DPPH and nitric
oxide radical scavenging, reducing power and H,O, scav-
enging (42).

Antioxidant activity of aqueous-ethanolic G. mollugo
extracts was revealed as well. It’s important to emphasize
that the activity was changing dependently of the extrac-
tion technique applied, where extracts obtained by extrac-
tion with reflux showed the best antioxidant activity (17).
There is a data referring to the antioxidant potential of G.
mollugo tested and proven by ferric ion reducing antioxi-
dant power (FRAP) and trolox equivalent antioxidant ca-
pacity (TEAC) assays (43). Another study which aimed to
compare the antioxidant potential of four Galium species
suggested that G. verum extract exhibited higher antioxi-
dant capacity compared to G. mollugo extract (15). Pheno-
lic compounds isolated from G. mollugo may protect hu-
man fibroblast cells against oxidative stress (44).

Antibacterial and antifungal activity

Galium species have been used in the folk medicine
for the treatment of infectious diseases, however antimi-
crobial activity of these plants is poorly reported. It was
shown that chloroform extract of G. verum express anti-
bacterial activity in comparison to aqueous and alcohol
(70%) extracts, which possess no activity. In addition, Can-
dida albicans was generally insensitive to the extracts of
this plant. Confirmed antimicrobial activity of G. verum
predominantly refers to its efficiency against Gram-pos-
itive microorganisms and less efficiency in reference to
Gram-negative strains (45). Other authors noticed that
G. verum and G. mollugo extracts exhibited effects mainly
against the Gram-positive bacteria (S. aureus, L. monocy-
togenes) and low activity against Gram-negative bacteria
(S. typhimurium, E. coli). Ethanolic extracts of these two
G. species showed a weak antifungal capacity against C.
albicans (46). Furthermore neither chloroform nor metha-
nolic extract of G. verum has inhibitory effect against both
clinical and standard strains of Candida spp (47). It may
be hypothesized that the lack of antifungal activity of these
plants may be the consequence of the insufficient quantity
of compounds responsible for that activity.

CONCLUSION

Numerous studies proved that G. verum and G. mollu-
go contain chemical compounds with high therapeutic po-
tential, which may be pharmaceutically exploited. Despite
the centuries of successful traditional use in the treatment
of many diseases, the number of studies referring to the
effects of G. verum and G. mollugo is limited. This review
provides available evidence on these two plants and may
help to those intending to research further on these topics.
Further researches regarding the effects of G. verum and G.
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mollugo are necessary to make them a possible candidate
for medicinal product.
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ABSTRACT

The unstoppable process of demographic aging of population
has profound consequences on the economic, health, social and
political spheres of society, because of the specific and diverse
needs of the older population. The aim of the study was to examine
gender differences of health care utilization among elderly in Ser-
bia. The survey was conducted as a part of the national study
"Health Survey of the Serbian population™” in 2013. In the past
year, 87.4% of the older population visited their chosen doctor.
Women were significantly more likely to use primary health care
compared to men, while the frequency of hospitalization is signif-
icantly higher in men. When it comes to female population, age,
region of residence and financial situation stood out as the most
important predictors of primary care services usage. In men, the
residence stood out as the most important predictor of primary
health care services usage. Multivariate binary logistic regres-
sion distinguishes gender, education and region of residence as
the most important factors associated with hospital treatment.

Keywords: elderly adults; gender; health care utilization; na-
tional health survey.
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SAZETAK

Nezaustavljiv proces demografskog starenja stanovnistva ima
duboke posledice na ekonomsku, zdravstvenu, socijalnu i
politicku sferu drustva zbog specificnih i raznovrsnih potreba
starog stanovnistva. Cilj studije je bio da se ispitaju rodne razlike
u koriséenju zdravstvene zadtite kod starijih osoba u Srhiji.
Istrazivanje je sprovedeno kao deo nacionalne studije
,IstraZivanje zdravlja stanovniStva Srbije” 2013. godine. U
poslednjih godinu dana 87,4% starog stanovniStva je posetilo
svog izabranog lekara. Zene znacajno cesée koriste usluge pri-
marne zdravstvene zaStite u odnosu na muskarce, dok je
ucestalost hospitalizacija znacajno veca kod muskaraca. Kada je
u pitanju Zenska populacija, kao najznacajniji prediktori
koris¢enja usluga primarne zdravstvene zastite izdvajaju se
godine starosti, regija stanovanja i materijalno stanje. Kod
muskaraca se kao najvazniji prediktor koris¢enja primarne
zdravstvene zadtite izdvaja mesto stanovanja. Multivarijantna bi-
narna logisticka regresija kao najvaznije faktore koji su povezani
sa bolnickim lecenjem izdvaja pol, stepen obrazovanja i regiju
stanovanja.

Kljuéne redi: stare osobe; rod; koriséene zdravstvene zaStite;
nacionalno istraZivanje zdravlja.
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INTRODUCTION

The aging population is one of the biggest challenges that
the world faces in the XXI century. Persons older than 65
already make up to 15% of the population in the developed
countries and, according to projections, by 2025 they will
represent 19% to 26% of the total population (1). Serbia's
population is getting older and, in particular, the increase of
very old population (over 75) is very significant. With an av-
erage age of 42.2 years, an aging index of 1.22 and the share
of aged 65 years and over of 17.4%, Serbia is among the de-
mographically oldest countries in the world, according to the
last census (2011). The process of demographic aging will
intensify so that, according to demographic projections, the
number of population older than 65 in Serbia until 2030 will
amount to more than 21%, which represents every fifth resi-
dent (2).

The unstoppable process of demographic aging of popu-
lation has profound consequences on the economic, health,
social and political spheres of society, because of the specific
and diverse needs of the older population (1). As a result of
biological manifestations of the aging process, there is a
gradual increase in the incidence of patients with a chronic
diseases (cardiovascular diseases, diabetes, malignant dis-
eases, etc.), wherein the elderly tend to have more joint dis-
eases (multimorbidity) (3). Older age increases the number
of functionally dependent and cognitively changed persons.
Extensive health problems of old people lead to increasing
pressure on the health service and increasing costs of their
health care (4).

The usage of health services is primarily motivated by a
disease of an individual, but the quality and quantity of health
service usage vary significantly based on socio-economic
factors such as income and health insurance status (5, 6). El-
derly people in their consumption of health care services are
not a homogeneous group, as they may be particularly ex-
posed to many factors such as personal income and social in-
equalities (7).

Specifics of gender model of aging are primarily the re-
sult of the impact of a number of factors that act in certain
social circumstances and in the specific social environment.
Therefore, gender is considered an important determinant of
health, which further shapes the patterns of exposure to
health risk factors and morbidity, access to health care ser-
vices and access to treatment (8).

The aim of the study was to examine gender differences
of health care utilization among elderly in Serbia.
METHODS
Study population and sample

As the basis for the analysis of the characteristics of the
Serbian population older than 65, we used data from the
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Third national population health survey conducted by inter-
viewing a random, representative sample of the population of
our country. The testing was performed as the cross-sectional
study on the territory of the Republic of Serbia and it did not
include the population living in the AP Kosovo and Metohija.
The target population did not include persons living in col-
lective households and in institutions. The survey was con-
ducted in accordance with the methodology and instruments
of the European Health Survey - Second Wave (EHIS-wave
2) (9). The study was implemented by the Ministry of Health
of the Republic of Serbia.

The sample included all households listed in all enumer-
ation areas in the census conducted in 2011. The mechanism
used to obtain the random sampling of the respondents and
households was a combination of two sampling techniques:
stratification and a multi-stage sampling. A stratified two-
stage sample of the population of the Republic of Serbia has
been chosen in such a way to provide a statistically reliable
assessment of the indicators that indicate the health status of
the population at the national level, as well as at the level of
4 geographic areas (Vojvodina, Belgrade, Sumadija and
Western Serbia, Southern and Eastern Serbia) identified as
the main strata in the sample. Their further division into ur-
ban and rural areas resulted in a total of 8 strata. In the first
stage, a total of 670 enumeration areas were selected. The
households were the units of the second stage. Within each
enumeration area, 10 addresses were selected (+3 spare ad-
dresses) inhabited by households to be interviewed. Out of
the total of 10089 households contacted, 6500 of them agreed
to participate in the survey, so that the response rate of house-
holds was 64.4%. Out of the total of 16474 registered house-
hold members aged over 15, 14623 of them agreed to be in-
terviewed, giving a response rate of 88.9%. Out of the num-
ber of people who agreed to be interviewed, 13756 of them
accepted to fill in the questionnaire (response rate 94.1%).
Data on the population aged over 65 were used for the pur-
poses of this study (3540 respondents).

Instruments

The survey instrument used in this survey was standard-
ized questionnaire prepared in accordance with the question-
naire of the European health research - the second wave (Eu-
ropean Health Interview Survey - EHIS wave 2), according
to internationally accepted defined indicators. Information on
demographic, socio-economic characteristics, self-reported
health and utilization of health services of respondents was
obtained through three types of questionnaires: household
questionnaire, face-to-face questionnaire and self-comple-
tion questionnaire (self-administered questionnaire). Data
collection was conducted by specially trained teams of inter-
viewers. The data collection process was standardized to en-
sure data quality. Participation in the survey was voluntary,
and respondents, along with a questionnaire, signed informed
consent with the previously received information about the
study.

The dependent variable in this study was health services
utilization. Predisposing factors related to the basic



characteristics of the population included gender, age, educa-
tion, marital status type of settlement, financial status and re-
gion.

Statistical analysis

All the data of interest were presented and analyzed by
adequate statistical methods appropriate for the data type.
The Chi-square test was used to compare proportions be-
tween groups. The relations between the health services uti-
lization, as a dependent variable, and a set of independent
variables was examined by univariate and multivariate lo-
gistic regressions. All results with the probability that is equal
to, or less than 5% (p< 0.05) were considered statistically sig-
nificant. Statistical analysis was performed using a commer-
cial, standard software package SPSS, version 19.0. (The Sta-
tistical Package for Social Sciences software (SPSS Inc., ver-
sion 19.0, Chicago, IL).

RESULTS

The study included 3540 respondents aged over 65.
94.7% of the population had a chosen general practitioner in
public health institutions and 2.7% of respondents had a doc-
tor in private health institutions. According to gender, women
significantly more likely had a chosen doctor (95.6%), as
compared to men (93.6%) (x>=6.861, df=1, p=0.009). When
it comes to private health care sector, a slightly higher num-
ber of men had their general practitioners compared to
women (3.1% vs. 2.3%). This difference is not statistically
significant (y*>=1.846, df=1, p=0.174).

In the past year, 87.4% of the older population visited
their chosen doctor. Women were significantly more likely
to use primary health care compared to men (88.9% vs.
85.5%). The number of services was greater in the urban pop-
ulation compared to the rural environment (88.7% versus
85.8%), as well as in the richer population compared to the
poor social class (89.6% vs. 85.4%). In the last year, 57% of
the elderly visited a specialist, out of which proportion of
women was slightly higher (58.4%) than of men (55.2%)
(Table 1).

Table 1. Distribution of respondents who visited their general practitioner
in relation to demographic and socio-economic characteristics

chosen doctor visit men (%) women (%) total (%) p*
Gender 85.5 88.9 87.4 0.009
Age (years)

65-74 84.8 91.0 88.3

75-84 87.6 87.6 87.6 <0.001
85+ 70.4 78.7 76.1

Education

No schooling 89.9 88.7 89.3

incomplete primary education 82.9 87.4 86.0

elementary school 84.7 91.3 89.0 0.323
middle school 85.4 88.1 86.6

high school or higher 87.4 88.8 87.4

Marital status

single 91.7 77.3 82.4

married 85.5 90.4 87.6

widowed 84.1 87.7 86.8 0319
separated/divorced 91.2 93.3 92.6

Place of residence

Urban 87.2 89.8 88.7

Rural 83.2 87.8 85.8 0.013

Well-being index
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chosen doctor visit men (%) women (%) total (%) p*

I (the poorest) 84.6 85.5 85.4

1 86.5 85.1 87.9

1 87.6 86.1 88.8 0.014
v 89.0 87.2 90.6

V (the richest) 88.5 87.1 89.6

Region

Vojvodina 86.6 88.4 87.6

Belgrade 85.3 82.4 83.6

Sumadija and W. Serbia 83.8 91.7 88.2 0.001
Southern and Eastern Serbia 86.2 92.8 89.9

* Chi-square test

Results of univariate binary logistic regression showed
that the usage of primary care services is under the influence
of gender, age, financial status and place of residence. Mul-
tivariate logistic regression signifies gender, age and place of
residence as the most important predictors of usage of pri-
mary health care services. Women more frequently use the
services of the selected physician for 28.7% as compared to

men (OR=0.713). The process of aging decreases the usage
of primary health care services; every year of age reduces the
usage of these services by 2.2% respectively (OR=0.978). El-
derly people who live outside the city visited their chosen
doctor by 29.4% less (OR=0.706), while those in the South
area visited their chosen doctor 1.5 times more compared to
those living in the North (OR=1.508) (Table 2).

Table 2. Cross Odds Ratio (OR) and 95% confidence intervals (CI) for usage of
PHC services related to demographic and socio-economic characteristics

Variable Univariate model Multivariate model

OR p OR p
age 0.981 (0.965 - 0.997) 0.018 0.978 (0.962 — 0.995) 0.009
male 0.729 (0.594 - 0.894) 0.002 0.713 (0,580 - 0,875) 0.001
material state 1.096 (1.015-1.184) 0.019
southern region 1.382 (1.126 — 1.695) 0.002 1.508 (1.221 - 1.861) <0.001
rural settlements 0.768 (0.626 — 0.942) 0.011 0.706 (0.571 - 0.875) 0.001

When it comes to the female population, age, region of
residence and financial situation stood out as the most im-
portant predictors of primary care services usage. The re-
duced usage of primary care services comes with the older
age (OR=0.953). Women who lived in the Southern parts of
Serbia, 1.9 times more frequently visited their doctors, com-
pared to those living in the North (OR=1.938), and women
who, according to the index of well-being, belong to the rich
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class of the population, 1.2 times more frequently visited a
chosen doctor (OR=1.238).

In men, the residence stood out as the most important pre-
dictor of primary health care services usage, so those who
lived in rural villages rarely visited their chosen doctors
(OR=0.717) compared to those who lived in the city (Table
3).



Table 3. The cross ratios (OR) and 95% confidence intervals (Cl) for primary health care
services usage related to gender and socio-economic characteristics

Variable Gender Univariate model Multivariate model

OR p OR p
rural settlements men 0.727 (0.542 — 0.975) 0.033 0.717 (0.522 — 0.984) 0.033
age women  0.958 (0.937 — 0.979) <0.001 0.953 (0.930 - 0.975) <0.001
southern region women  2.070 (1.544 — 2.775) <0.001 1.938 (1.398 -2.688) <0.001
material status women  1.117 (1.001 — 1.245) 0.048 1.238 (1.085 - 1.413) 0.002

516 persons (14.6%) aged over 65 were hospitalized in
the last 12 months. There is a statistically significant correla-
tion between gender and hospitalization, but it is noted that
the frequency of hospitalization is significantly higher in men
(16.1%) than in women (13.4%) (y*>=4.797 df =1 p=0.026).

The incidence of hospitalization was significantly higher
in people with no schooling (19.1%) and with incomplete pri-
mary education (17.8%), especially in people with the lowest
incomes (18.3%), who lived in Sumadija and Western Serbia
(18.1%), as well as in population in the age group 75-84
(16.3%) (Table 4).

Table 4. Distribution of respondents who use hospital care related
to demographic and socio-economic characteristics

hospital care men (%) women (%) total (%) p*
Age (years)
65-74 15.9 117 13.6
75-84 16.6 16.1 16.3 0.058
85+ 14.1 11.8 12.5
Education
No schooling 23.5 18.8 19.1
incomplete primary education 23.8 15.0 17.8
elementary school 18.1 11.6 13.9 < 0.0005
middle school 13.6 12.1 13.0
high school 12.0 9.9 11.3
Marital status
single 14.3 3.4 7.0
married 15.7 12.9 14.5
. 0.071
widowed 16.9 14.0 14.7
separated/divorced 211 15.9 17.8
Place of residence
Urban 14.0 13.3 13.6
Rural 18.5 13.6 15.8 0410

Well-being index
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hospital care men (%) women (%) total (%) p*

I (the poorest) 17.3 14.1 154

I 15.7 14.0 14.7

i 21.3 13.2 16.6 0.097
v 12.7 11.3 119

V (the richest) 10.1 13.8 12.1

Region

Vojvodina 10.6 13.3 12.2

Belgrade 14.6 8.7 11.2

Sumadija and W. Serbia 21.9 15.0 18.1 <0.0005
Southern and Eastern Serbia 15.2 16.5 15.9

Multivariate binary logistic regression distinguishes gen-
der, education and region of residence as the most important
factors associated with hospital treatment. Quotient of chance
for males was 1.319, and men are 1.319 times more likely to
be hospitalized than women, respectively. Quotient of chance
for education level was 0.759. The table shows that with an

increase of education by one level, the chance of hospitaliza-
tion decreases by 24.1%. Participants living in the southern
parts of Serbia were 1.4 times more likely to be clinically
treated than those who lived in the North (OR=1.481) (Table
5).

Table 5. The cross ratios (OR) and 95% confidence intervals (CI) for primary health care
services usage related to gender and socio-economic characteristics

Variable Univariate model Multivariate model

OR p OR p
male 1.238 (1.027 - 1.493) 0.025 1.319 (1.071 - 1.624) 0.009
education 0.793 (0.691 - 0.910) 0.001 0.759 (0.648 -0.887) 0.001
southern region 1.562 (1.287 — 1.894) <0.001 1.481 (1.204 - 1.822) <0.001

In the male population, multivariate logistic regression
distinguishes the level of education and region of residence
as the most significant factors associated with hospitaliza-
tion. Men with the highest level of education are 29.6% less
likely to be clinically treated in comparison to their peers
with the lowest level of education (OR=0.704), while those
in the South were 1.48 times more likely to be hospitalized
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compared to those who lived in the North (OR=1.483). Mul-
tivariate logistic regression distinguishes the region of resi-
dence as the most important predictor of hospitalization in
women, and women living in the South had a 1.54 times
higher risk (OR=1.544) to be hospitalized compared to
women from the North (Table 6).



Table 6. Cross Odds Ratio (OR) and 95% confidence intervals (CI)
for the use of hospital care by gender

Variable Gender Univariate model Multivariate model
OR p OR p
age women 1.017 (0.997 - 1.037) 0.093
material status men 0.902 (0.814 — 0.999) 0.048
zsﬁt‘)f settle- men 1.394 (L.060—1.834)  0.017
education men 0.687 (0.567 — 0.833) <0.001 0.704 (0.571-0.867) 0.001
education women 0.815 (0.658 — 1.010) 0.062
southern region men 1.566 (1.179 - 2.081) <0.001 1.483 (1.092 - 2.013) 0.012
southern region women 1.544 (1.186 — 2.010) 0.001 1.544 (1.186 - 2.010) 0.001

DISCUSSION

The results of this study indicate that women, in general,
are more likely to use health services than men. A number of
studies conducted all around the world support these results,
but also offer different explanations for the higher rates of
use of health services by women (10), such as differences in
social roles, health status, susceptibility to symptoms, will-
ingness to report health problems, willingness to seek for
help, agreement with the choice of treatment (11).

Women have a greater need for a health care services be-
cause of their poorer health (higher rates of morbidity, worse
perception of health, poorer quality of life and a greater de-
gree of disability than men) and different social constructor
of diseases (roles, attitudes, beliefs and behaviors of men and
women when they are sick or concerned about health), which
leads to different processes of seeking for health care and to
differences between women and men in the provision of these
services (12, 13).

Gender differences in attitudes towards health and in re-
porting of symptoms and diseases can also cause differences
between men and women regarding the use of health care. It
is believed that women are easier to adapt to the role of the
patient; they recognize and experience more health problems
than men because it is socially and culturally acceptable for
a woman to be sick and to seek professional help (14). Higher
consultation rates among women reflect greater awareness
and concern about issues related to health (15), which is ba-
sically related to gender psychosocial and behavioral influ-
ences (16), or to the perception of symptoms (17-21). Ac-
cording to cultural characteristics, females are more likely to
address health professionals for help. They are more open
and willing to show the symptoms they feel, verbally as well
as behaviorally. They more often complain on psychosomatic
ailments and emotional instability, which is why they more

frequently use health care services. Health disorders are less
stigmatizing for females, because lower standards of health
are accepted for them, while the strength and health are tra-
ditional male values (2).

The trend of more frequent use of health care among
women is not constant data and depends on the level of health
care and the types of health services. The results of this re-
search that suggest that women more often use the services
of primary health care services and that men more often use
services of hospital treatment, are in accordance with the re-
sults of other studies based on national probability samples.
Women more likely use outpatient, preventive and diagnostic
services, while men more often visit specialists, have a higher
rate of hospitalization compared with women (22) and stay
longer in the hospital (23-25).

Mutran and Ferraro (14) suggested that the reasons for
this lie in the nature of the diseases affecting aging men (e.g.,
cardiovascular and respiratory diseases) in comparison to
those that women often experience (musculoskeletal and
mental diseases), i.e. men suffer from more serious and com-
plicated health problems. The fact that women report poorer
health, more frequent use of primary health care services and
less specialist” services, supports the argument that women
are healthier, but have a poorer perception of their health.

Globally, there are good evidences that older women dis-
proportionately suffer from chronic diseases that incapaci-
tate, but are not life-threatening and do increase the need for
health care (16). However, as gender differences remain after
controlling for self-assessment of health or of chronic condi-
tions, the explanation could not be so simple (15).

The results that indicate a high rate of female morbidity
and its links to the increased use of health services, vary in
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different studies. Portraid and colleagues argued that the age
and chronic morbidity were the most important factors that
have determined the need for long-term care. Furthermore,
after eliminating the age and number of chronic diseases as
factors, the women were institutionalized less frequently than
men (19).

Ladvig and colleagues also described the positive rela-
tionship between the frequency of the chronic diseases and
the overall utilization of the health services, including the fre-
quency of visits to physician, hospitalization during the pre-
vious 12 months, as well as the number and frequency of
drugs taken (20). In contrast to this, in the study that was con-
ducted by Dunlop and colleagues, which examined gender
differences in health care use in patients aged over 70, gender
differences in the number of medical contacts in the last 2
years were not observed, although women required more fre-
quent medical care at home than men. However, men were
more frequently admitted to the hospital and more often used
the services of ambulatory surgery than women (21).

Older people, both men and women, with lower income,
reported worse indicators of the health status and of the phys-
ical functioning, and they used medical services less than
those with better economic situations, regardless of age (16).
Poorer and less educated people, despite higher morbidity
and mortality, often have difficulties getting to the appropri-
ate specialists and preventive services, they are less likely to
use health services, and some of them must pay proportion-
ately more in relation to their income than richer people. As
people live longer in stressful economic and social condi-
tions, it is less likely to enjoy good health during the old age.
Therefore, the socio-economic position of people is the main
determinant of health in adulthood and this effect also per-
sists later in life (18).

The research conducted in China indicates that socio-eco-
nomic status plays an important role in the use of outpatient
services, but does not play a significant role in the use of hos-
pital services (23). The research conducted in Finland and
Norway showed that the usage of health services among
older individuals varied with health status, socio-economic
factors and gender, and that these three factors were inde-
pendently connected with the use of health care in later life
(15).

A study conducted in China as a part of a larger study of
global aging and adult health (Study on global AGEing and
adult health — SAGE), which included 4185 people aged over
50 with a diagnosis of cardiovascular disease, showed that
older women more often used outpatient primary health care
services than older men, and that the use of these services
depended on the age, gender and financial situation of users
household. Compared to persons aged 50-59, age group 70-
79 (OR=1.26), and group aged over 80 (OR=1.38), signifi-
cantly more frequently used ambulatory services. Female pa-
tients used more outpatient services than male patients
(OR=1.30). Wealthy patients were more likely to use outpa-
tient services than poorer. The average number of visits to the
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doctor of the general practice among wealthy patients was
7.3, while the average number of visits in the poorest popu-
lation group was 2.4. Patients who had health insurance were
more likely to use outpatient services than those who did not
have health insurance (57.0% vs. 41.4%). The study did not
find significant disparities in the provision of hospital ser-
vices among men and women (25).

It is obvious that we can talk about gender differentiated
quality of age, and more of such evidences could help inform-
ing of policies and programs aimed to reduce gender differ-
ences in the quantity and quality of years to live, providing
equal opportunities for both men and women.

CONCLUSION

Women are significantly more likely to use primary
health care compared to men, while the frequency of hospi-
talization is significantly higher in men. Integrating a gender
perspective in public health refers to the recognition of these
differences and inequalities, taking them into consideration
during the process of designing various policies and in devel-
oping programs of health promotion and prevention strate-
gies, taking into account the specific needs of women and
men of this age.
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ABSTRACT

Discectomy is a surgical procedure in the treatment of lumbar
disc herniation (LDH) if sciatica or neurological deficits occur
and still persist after a course of conservative therapy. Standard
discectomy (SD) and microdiscectomy (MD) are still equal in
curent clinical practice. Many retrospective and prospective stud-
ies have shown that there is no clinically significant difference in
the functional outcome after two treatment modalities.

The aim of our study was to determine whether there are dif-
ferences in the incidence of reoperation after performing SD and
MD.

The research included 545 patients with average period of
postoperative follow-up of approximately 5.75 years. Standard
discectomy was performed in 393 patients (72.11%), and micro-
discectomy in 152 (27.8%) patients. The total number of reoper-
ated patients was 37/545, or 6.78%. In the SD group, the number
of reoperated patients was 33/393 (8.39%) and in the MD group
4/152 or 2.63%. Statistically significant difference (p <0.05) was
recorded in favor of the MD group.

Although it has been proven that both SD and MD give good
endpoints of treatment and similar functional recovery, the ad-
vantage is given to microdiscectomy due to statistically signifi-
cantly lower rates of recurrent herniation. This result is attributed
to better visualization of neural structures and pathological sub-
strates, as well as their mutual relationship.

Keywords: hernia lumbar discus, microdiscectomy, standard
discectomy, reoperation.
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SAZETAK

Lumbalna diskektomija je hirurska metoda u lecenju pacije-
nata obolelih usled lumbalne diskus hernije (LDH) kada neurolo-
ki deficit i radikularni bol perzistiraju i nakon konzervativne te-
rapije. Standardna diskektomija (SD) i mikrodiskektomija (MD)
Su u mnogim centrima jo$ uvek dva ravnopravna modaliteta ope-
rativnog lecenja lumbalne diskus hernije. Vecina dosadasnjih Stu-
dija su dosle do zakljucka da nakon SD i MD nema znacajne raz-
like u krajnjem funkcionalnom ishodu lecenja.

Nas cilj je bio da ustanovimo da li postoji razlika u ucestalosti
reoperacije u odnosu na inicijalno sproveden modalitet hirurskog
lecenja.

Retrospektivnom analizom je obuhvaceno ukupno 545 pacije-
nata, sa prosecenim periodom postoperatvinog pracenja od oko
5,75 godina. Standardna diskektomija je primenjena kod 393 pa-
cijenta (72,11%), a mikrodiskektomija kod 152 (27,8%) paci-
jenta. Ukupan broj reoperisanih pacijenata je bio 37 (6,78%). U
SD grupi broj reoperisanih pacijenata je bio 33 (8,39%), au MD
grupi 4 (2,63%). Zabelezena razlika se pokazala kao statisticki
znacajna (p<0,05) u korist MD grupe.

lako je dokazano da SD i MD daju podjednako dobre krajnje
rezultate lecenja, prednost dajemo mikrodiskektomiji zbog uo-
Cene statisticki znacajno nize stope rekurentne diskus hernije. O-
vaj rezultat pripisujemo boljoj vizuelizaciji neuralnih struktura i
patoloskog supstrata, kao i njihovog medusobnog odnosa.

Kljuéne reci: lumbalna diskus hernija, mikrodiskektomija, stand-
ardna diskektomija, reoperacija.
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INTRODUCTION

Intervertebral (iv) disc degeneration is usually the first
step in the cascade of pathophysiological processes that lead
to various forms of degenerative lumbar spine diseases (1).
Further progression of disc degeneration leads to a lumbar
disc herniation (LDH), a disease that is the most common
cause of low back pain and sciatica (2). Second most com-
mon cause for seeing a doctor (after respiratory diseases) is
low back pain, according to sickness absence related studies
(3). As a result, LDH is an enormous socio-economic prob-
lem in both developed and developing countries because it
reduces population productivity.

Many pioneers of neurosurgery at the beginning of 20™
century had an impact on creating modern way of under-
standing the influence of LDH in the occurrence of sciatica
and neurological deficit (4-7). However, for definitive iden-
tification of degenerated disc as the cause of sciatica, as well
as for viewpoint that surgical treatment can help the patient,
we should be grateful to William J. Mixter and Joseph S.
Barr. In 1932, in Massachusetts General Hospital, USA, they
performed as a multidisciplinary team (neurosurgeon and or-
thopedic surgeon) the first planned lumbar discectomy using
atransdural approach to the intervertebral disc (8, 9). In 1938,
on the basis of their experience, the same authors concluded
that interlaminar extradural surgical approach is more suita-
ble for herniated lumbar disc (10).

Surgical approach presented by Mixter and Barr, nowa-
days known as SD, is still present today, accompanied by a
number of technical improvements implemented over years,
and includes partial hemilaminectomy and partial discec-
tomy. A new era in the operative management of LDH began
in the late 70s of the 20™ century by introducing MD in clin-
ical practice. MD as an improved surgical technique imply-
ing the use of operating microscope for surgical removal of
herniated disc material (12). First results have shown that mi-
crodiscectomy was just as efficient as standard discectomy,
having certain advantages over the latter (13). Compared
with the standard open discectomy, microdiscectomy ena-
bled better visualization of neural structures and their rela-
tionship to pathological substrate as well as less extensive
hemilaminectomy (14). One of the main microdisectomy
benefits is that patients nearly twice as fast return to ordinary
life activities (15).

In the second half of the 20th century, many intradiscal
techniques have been developed for the treatment of patients
with LDH, but they have not become widely accepted into
clinical practice due to having a limited range of indications
and often unsatisfactory clinical results (16-21). Tubular and
endoscopic discectomy, which appear to be generally ac-
cepted nowadays, have been proven to be a satisfactory alter-
native to microdiscectomy but also without significant differ-
ence in the treatment outcome (22).

In many medical centers, including our institution, it is
still not rare for spinal surgeons to decide for standard
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discectomy. Therefore, these two treatment modalities in our
clinical practice are equal and choice usually depends on the
surgeon’s familiarity with one of the two methods. Several
retrospective and prospective randomized studies have been
published so far (23, 24), analyzing the relative merits of MD
and SD, which imposes a general conclusion that there is no
clinically relevant difference in the functional outcome.
Some studies, however, are favoring microdiscectomy in
several parameters of clinical recovery (25). Although there
are many studies that report reoperation rate after an initial
LDH surgery, there are few studies that compare the same
problem regarding these two operative treatment modalities.

THE AIM OF THE PAPER

The aim of our study was to determine whether there are
differences in the incidence of reoperation after performing
SD and MD. Our working hypothesis was that microdiscec-
tomy was associated with a lower reoperation rate due to bet-
ter visualization of the pathological substrate and neural
structures, as well as their relationship (Figure 1).

Figure 1. Intraoperative view under magnification of the
operating microscope, white arrow - spinal root, black ar-
row - extruded disc material

PATIENT AND METHODS

We conducted a retrospective analysis of recurrent disc
herniation rate that required reoperation. Our research in-
volved patients that were surgicaly treated in the period from
July 2008 to February 2017 with folow-up period of 68,7+31
months (approximately 5,75 years). Patients underwent sur-
gery by four experienced neurosurgeons and were classified
into two groups, according to performed surgical procedure
(MD or SD).



Operative procedures were performed under general an-
esthesia and patients were placed in the genupectoral posi-
tion. The affected interlaminar space was localized by lateral
x-ray fluoroscopy just before and with confirmation during
surgery. Microdiscectomy was performed after a horizontal
skin incision of approximately 4-5 cm in length above the
lumbar spinal segments and incision of lumbodorsal fascia
and subperiostal preparation to the interlaminar space. Using
the operating microscope (Carl Zeiss Co., OPMI
Vario/NC33, Oberkochen, Germany), the following aspects
of the surgery were performed: partial hemilaminectomy of
the superior and inferior lamina and partial flavectomy. After
these aspects had been performed, the herniated disc was re-
moved. In addition, all patients were mobilized during the
first 24 hours after surgery.

The criteria for inclusion into the study were defined as:
single level lumbar disc herniation; monoradicular symptoms

RESULTS

The study covered a total of 545 patients, of whom 298
(54.7%) were men and 247 (45.3%) women. Standard discec-
tomy was performed in 393 patients (72.11%), and micro-
discectomy in 152 (27.8%) patients. The average age of pa-
tients was 46.55 + 12.7 years (M-46.6, F-46.48). Of the total
number of patients, only 8.7% (47/545) had a certain degree
of preoperative neurological deficits. The most common

with predominant sciatica compared to less severe lower
back pain; conservative treatment failure or intolerable sciat-
ica, or rapidly progressive neurological deficits (including
motor deficits, bladder dysfunction, partial and complete
cauda equina syndrome).

Exclusion criteria were defined as: a history of previous
lumbar back surgery; signs of spinal instability or other spi-
nal abnormalities and a history of psychiatric or addiction
and mental disorders.

Indication for reoperation was recurrent radiculopathy re-
sistant to conservative treatment followed by neuroradiolog-
ical finding of a compressive lesion.

For statistical analysis the commercial statistical program
SPSS (version 22) was used.

level of treated disc herniation was L5/S1 in 48.4% of cases
(264/545), followed by L4/L5 in 41.3% (225/545). Based on
intraoperative findings it was detected that in 36.7%
(200/545) patients had disc protrusion, in 59.3% (324/545)
disc extrusion, and in 2% (11/545) segestration of iv disc.
(Table 1).

Table 1. Parameters by groups and reoperation rate

Total Standard discectomy  Microdiscectomy

Number of patients | 545 393 152 p>0,05
Male/female ratio | M - 298 (54,7%) M - 215 (54,7%) M - 83 (54,6%) p>0,05

F - 247 (45,3%) F- 178 (45,3%) F - 69 (45,4%)
Years old | 46,55+12,7 46,93+13 45,06+11,33 p>0,05
Preoperative neuro- | 8,7% (47/545) 9,4% (37/393) 6,5% (10/152) p>0,05

logical disability

Spinal level | L5/S1 - 48,4% L5/S1 - 49,61% L5/S1 - 50,6% p>0,05

L4/L5 - 41,3% L4/L5 - 39,9% L4/L5 - 44,7%
Reoperation rate | 6,78% (37/545) 8,39% (33/393) 2,63% (4/152) p<0,05
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The total number of reoperated patients in this retrospec-
tive group was 37/545, or 6.78%. In the SD group, the num-
ber of reoperated patients was 33/393 (8.39%) and in the MD
group 4/152 or 2.63%. (Figure 2). According to reoperation
rate, a statistically significant difference (p <0.05) was rec-
orded in favor of the MD group. Of the total number of re-
operated patients, 22 (59.45%) patients had a verified disc
extrusion during the first surgery and in remaining 15
(40.55%) disc protrusion was diagnosed.

Reoperations were most often performed in the first 6
months after the initial operation in 54.05% (20/37) of cases
and in the period 6-12 months after the operation 8/37 pa-
tients were reoperated, or 21.6% (Figure 3A).

The most common cause of reoperation was recurrent
disc herniation in 67.56% (25/37) of cases. In 18.91% (7/37)
of patients, need for additional decompression due to central
or lateral stenosis was indicated as a cause of reoperation.
Peridural fibrosis was identified as a pathological substrate in
4 (10.81%) patients and one patient (2.7%) was reoperated
due to disc herniation at different spinal level (Figure 3B).

Figure 2. Reoperation rate in relation to the examined
groups and total number of patients
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The most commonly surgically retreated spinal level was
L5/S1in 70.2% (26/37) of cases, followed by L4/L5 in 29.8%
(11/37). Two patients were re-reoperated and both were ini-
tially surgically treated with standard discectomy

Figure 3. A - Number of reoperated patients in relation to time elapsed from primary LDH surgery;
B - Frequency of pathology that required reoperation
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DISCUSSION

Almost all the papers that analyze the recurrence rate of
lumbar disc herniation give an answer to this question includ-
ing one or more modality of discectomy, but without com-
paring two surgical procedures. According to them, the re-
currence rate, depending on the monitoring period, is 6-24%
[26-29]. A study with a similar follow-up period reported a
rate of reoperation of about 10% [26], which is slightly higher
than in our study. This difference in the rate of reoperation
does not, however, prove our superior performance in the
treatment of lumbar disc herniation, but the reasons may need
to be sought in a different set of indications for reoperation.
According to a single meta analysis in 2016 [30], the inci-
dence of revision operations, which did not include other rea-
sons than repeated disc-radicular compression, amounted to
1.4-11.4%, while in older patients’ series the incidence was
lower and amounted to 6% after a ten-year follow-up period
[31]. Our results showed that the total reoperation rate in
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lumbar disc herniation was 6.78% (37/545) with an average
follow-up period of about 5.75 years. In the SD group, the
rate of reoperation was 8.39% (33/393), while in the MD
group it was 2.63% (4/152). The observed difference was sta-
tistically significant in favor of the MD group (p <0.05).

By reviewing the literature, we managed to find only one
paper from 2000, which dealt with the comaparison of stand-
ard and microdiscectomy with respect to the mentioned prob-
lem [32]. According to the aforementioned South Korean
group of authors, on a sample of 173 patients, microdiscec-
tomy is associated with a higher rate of reoperation and peri-
operative infections, which is a conclusion contrary to our
results. However, the limitation of this study is that all oper-
ations were taken by one surgeon.

The reason for repeated operations in our series, in most
cases, was the recurrent disk herniation at the same level in
67.56% (25/37). Some form of spinal stenosis was the next



most common cause of reoperation, 18.91% (7/37), and other
reasons were peridural fibrosis (4/37; 10.81%) and discus
herniation at the second spinal level (1/37; 2.7%). According
to other authors [33], the most frequent reason for the re-
peated operation of discus hernia was recurrent discus hernia
(78%), followed by epidural fibrosis (12.2%), and in other
cases: adhesive arachnoiditis, lateral spinal stenosis and iat-
rogenic instability.

Risk factors of the recurrent disc herniation mentioned in
the literature arelarge anular defect, the degree of degenera-
tion of the iv disc, male sex, the consumption of nicotine and
the lifting of heavy objects [34, 35]. According to a prospec-
tive study conducted by Carragee et al. [36] the lowest risk
of re-herniation (1%) were found in patients with extrusion
of the fragment of the disc due to fissure on the fibrous ring.
Patients with a major defect on the anulus had a significantly
higher risk (27%), while the highest risk of reherniation was
found in a patients with intervertebral disc protrusion (36%).
It should be noted that these are not percentages of reopera-
tion due to the re-herniations of the disk, but only sympto-
matic re-herniations. In our study of 37 reoperated patients
due to a recurrent discus hernia, 21 had iv disc extrusion, and
16 patients had protruded iv disc preoperatively.

In obese patients with a BMI over 30, results are pretty
contraversal. According to several authors, obesity does not
significantly affect the occurrence of recurrent disc herni-
ation [38, 39], while the results of several other studies claim
that the obesity still has an effect [37]. We did not examine
the influence of obesity on reoperation rate.

In the study group, which analyzed the rate of recurrent
disc herniations in large patient groups, two studies high-
lighted. A large study that retrospectively analyzed the inci-
dence of reoperation after discectomy in 7520 patients with
an average follow-up period of 7 years resulted in an inci-
dence of about 6.2% [40]. According to the second large ret-
rospective study that included 13654 patients from the United
States, the incidence of reoperation was higher after 4 years
of follow-up and it amounted to 12.2%, and in almost half of
the cases (5.9%), lumbar fusion surgery was performed [41].
The data on the high incidence of need for lumbar fusion after
initial discectomy may indicate an incorrect treatment algo-
rithm for these patients or the result of inadequate operating
techniques that have caused the spinal column instability.

In our group of patients, as much as 75% of the reopera-
tion was performed during the first year after the primary
LDH operation. If we look at the frequency of reoperation
within the first year after surgery, it was 5.23% (28/535). Ac-
cording to the literature data, the rate of early re-herniation,
i.e. within one year after surgery is about 1-2% [31, 42]. It
has been shown that the recurrence of the disc herniation is
correlated with the degree of degeneration of the disc, as well

as with the patient's age at the time of the first operation.
More precisely, the recurrence of disk re-herniation is much
more common in people in the third and fourth decade of life,
as well as in the group with disc protrusion in the first oper-
ation [28]. In our study, the average age of reoperated pa-
tients did not deviate significantly from the average of the
entire study group.

Among reoperated patients the best results of post-opera-
tive recovery can be expected in patients with recurrent disc
herniation [33]. In general, good treatment result in reoper-
ated patients is recorded in 50-70% of cases [43-45]. Lateral
decompression is advised in order to achieve better results
when reintervention is caused by lumbar disc re-herniation,
i.e. removing the medial half of the facete joint all the way to
the upper facet surface and then the microdiscectomy [46].
Factors that contribute to the poor outcome of post-operative
treatment are: reoperation on the same side of the first oper-
ation and less than one year after the first operation [43]. Alt-
hough the revision surgery in which was not found reherni-
ated disc does not have such a good outcome, it significantly
reduces the pain syndrome [27]. However, before making a
decision on reoperation, the clinical and neuroradiological
findings should be carefully analyzed and the operation
should be indicated if the preoperative evaluation clearly in-
dicates the existence of surgicaly corrective compression.
The incidence of complications during LDH revision opera-
tions according to different authors is 0-34.6%, and the most
common complication is the incidental durotomy [30].

CONCLUSION

Despite evident progress in the treatment of lumbar disc
herniation, both by conservative methods and operative tech-
niques, this disease still represents a major problem of the
modern world.

As a special problem, criteria for the selection of patients
for surgical treatment are imposed as there are no clearly
adopted criteria that can be universally applied to each pa-
tient. This applies, first of all, to patients who do not have a
neurological deficit, and to the group of patients whose pain
partially or completely interferes with everyday life activi-
ties.

This decision is further aggravated by the relatively high
frequency of recurrent complaints, that is, the unfavorable
outcome of surgical treatment.

Although it has been proven that both SD and MD give
good endpoints of treatment and similar functional recovery,
the advantage is given to microdiscectomy due to statistically
significantly lower rates of recurrent herniation. This result
is attributed to better visualization of neural structures and
pathological substrates, as well as their mutual relationship.
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ABSTRACT

Background: Drug-drug interactions are defined as modifi-
cations of the drug action that result from the simultaneous ad-
ministration of another individual drug or several drugs. Nowa-
days, potential drug-drug interactions (DDIs) are most frequently
detected and analyzed using personal digital assistant software
programs (online interaction checker tools).

Objective: To determine the risk factors for the emergence of
all drug-drug interactions in surgical patients with particular em-
phasis on clinically significant interactions.

Patients and methods: This was a retrospective cohort anal-
ysis of patients treated at the Surgical Clinic of the Clinical Center
Kragujevac. Three interaction checkers were used to reveal drug-
drug interactions: Medscape, Epocrates and Micromedex.

Results: The study included total of 200 patients, aged
58.54+17.08 years. Average number of drug-drug interactions
per patient was between 10.50+9.10 (Micromedex) and
18.75+17.14 (Epocrates). Number of prescribed drugs, antide-
pressive therapy, antiarrhythmic therapy, number of pharmaco-
logical/therapeutic subgroups (2nd level of ATC classification)
prescribed, delirium or dementia, diabetes, heart failure, and
number of physicians who prescribed drugs to single patient were
identified as risk factors for drug-drug interactions while length
of hospitalization in days and age of patient in years emerged as
protective factors.

Conclusion: Drug-drug interactions are relatively common
in surgical patients and predisposed by factors such as number of
prescribed drugs or drug group per patient, number of physicians
who prescribed drugs, antidepressive therapy, antiarrhythmic
therapy, presence of delirium or dementia, diabetes and heart fail-
ure. On the other hand, prolonged hospitalization and higher age
are factors that reduce the risk of interactions in surgical patients.

Keywords: Drug-drug interactions, Risk factors, Surgery pa-
tients, Micromedex, Epocrates, Medscape.
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SAZETAK

Uvod: Interakcije lekova se mogu definisati kao promene u
delovanju leka koje nastaju kao posledica istovremene primene
dva ili vide leka. U dana3nje vreme, potencijalne interakcije le-
kova se najcesce identifikuju i analiziraju primenom odgovaraju-
ih softverskih programa (online Internet cekera).

Cilj: Cilj rada bio je da se odrede faktori rizika za nastanak
interakcija izmedu lekova kod hirurSkih pacijenata sa posebnim
osvrtom na klinicki znacajne interakcije.

Pacijenti i metode: Studija je dizajnirana kao retrospektivna
kohortna studija kojom su analizirani pacijenti leceni na hirurskoj
Kklinici Klinickog centra Kragujevac. Za otkrivanje interakcija ko-
riséena su tri razlicita cekera: Medscape, Epocrates i Microme-
dex.

Rezultati: Studija je ukljucila ukupno 200 pacijenata pro-
secne starosti 58.54 + 17.08 godina. Prosecan broj potencijalnih
interakcija lekova bio je izmedu 10.50 + 9.10 (Micromedex) i
18.75 + 17.14 (Epocrates). Broj propisanih lekova, primena anti-
depresiva, primena antiaritmika, broj propisanih farmakolo-
Skih/terapeutskih podgrupa (drugi nivo ATC klasifikacije lekova),
prisustvo delirijuma ili demencije, dijabetes, sréana insuficijen-
cija i broj lekara koji su propisali lekove su se izdvojili kao faktori
rizika za nastanak interakcija izmedu lekova, dok su se duZina
hospitalizacije u danima i starost pacijenata izdvojili kao protek-
tivni faktori.

Zakljucak: Interakcije lekova su relativno ceste kod hirurskih
pacijenata i predisponirane su faktorima kao $to su broj propisa-
nih lekova ili grupa lekova, broj lekara koji su propisali lekove,
antidepresivna terapija, antiaritmijska terapija, prisustvo deliri-
Juma ili demencije, dijabetes melitusa i sréane insuficijencije. S
druge strane, produZena hospitalizacije i starija Zivotna dob su
faktori koji smanjuju rizik od pojave interakcija kod hirurskih pa-
cijenata.

Kljuéne reéi: interakcije lekova, faktori rizika, hirurski pacijenti,
Micormedex, Epocrates, Medscapeinterakcije lekova, faktori ri-
zika, hirurski pacijenti, Micormedex, Epocrates, Medscape.
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INTRODUCTION

Drug-drug interactions (DDIs) are defined as modifica-
tions in the drug action resulting from the simultaneous ad-
ministration of another individual drug or several drugs (1-
2). DDIs could be of pharmacokinetic or pharmacodynamics
nature, when absorption, distribution, metabolism or elimi-
nation of the drug are being altered as a consequence of the
concurrent use of another drug or drugs, when interacting
drugs have an additive, synergistic or antagonistic effect, re-
spectively (1). A particular attention should be paid to classi-
fication of DDIs according to severity. The highest clinical
importance have contraindicated and major (avoid to use)
DDls, although moderate and minor interactions could also
suggest necessary changes in patient’s pharmacotherapy (2-
3). Nowadays, potential DDIs (pDDIs) are most frequently
detected and classified using personal digital assistant soft-
ware programs, which function as applications that are regu-
larly updated (4). There are several online available tolls for
such purpose and among them, the most important and the
most commonly used are Micromedex Drug Interactions (5),
Pharmavista (6), Epocrates (7) Lexi-Interact (8) and Med-
scape (9).

Epidemiological data on the incidence of pDDIs in hos-
pitalized patients are inconsistent, with quite variable detec-
tion of interactions in previous studies ranging from 5 to 80
percent (10). However, it seems that clinically significant in-
teractions are not so common (11-12) given their incidence
of up to 4% (10). Clinically significant interactions are the
reason for hospitalization in 3% of patients (13), and when
occur during hospitalization they could be associated with the
prolonged stay in hospital, increased morbidity (14) and mor-
tality (15), and the significant higher cost of treatment (16).

Previous studies have pointed several risk factors that are
associated with a higher incidence of interactions in hospital-
ized patients, such as patients older age, prolonged hospital
treatment (17), presence of comorbidities (18), polypharma-
cotherapy and greater number of physicians prescribing
drugs to patients (3). Available data on pDDIs in surgical pa-
tients indicate that interactions often include drugs such as
H2 receptor blockers, warfarin, digoxin and anesthetics (19-
20). These data are available from the studies that were car-
ried out before the onset of the Interaction checkers and be-
fore the implementation of many novel drugs in clinical prac-
tice, so it could be said that the predisposing factors and the
clinical significance of pDDIs in surgical patients are quite
unknown. Therefore, the aim of this study was to determine
the risk factors for the emergence of all pDDIs in surgical
patients with particular emphasis on clinically significant in-
teractions.
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PATIENTS AND METHOD
Study design

We conducted a retrospective cohort study on patients
who were treated at the Surgical Clinic of the Clinical Center
Kragujevac (CCK), during the period from March 1% to Au-
gust 31% 2018. According to structural organization of a Sur-
gery clinic of CCK the patients that have been hospitalized at
following departments were observed: Department of chest
surgery, Department of general and endocrine surgery, De-
partment of biliopancreatic surgery, Department of gastroin-
testinal surgery and Department of colorectal surgery. The
study was approved by the Ethics Committee of CCK. The
main outcome was number of pDDIs by each interaction
checker tool.

Data collection

Data were collected by reviewing the medical files of pa-
tients. The complete medical documentation of the patients
during their hospitalization i.e.: discharge papers, tempera-
ture-therapeutic lists, the laboratory analysis of blood and
urine, data from all consultative examinations and other use-
ful documentation, were available to research investigators.
Within our study we have analyzed a large number of varia-
bles: basic socio-demographic data of the patients (age, gen-
der, data on the consumption of alcohol and cigarettes), clin-
ical history data (main diagnosis, length of hospitalization in
days, transfer from other departments to the Surgical Clinic,
presence of mechanical ventilation, conducted operations,
state of consciousness), qualitative presentation of comorbid-
ities (presence of dementia or delirium, renal failure, liver
cirrhosis, diabetes mellitus, chronic obstructive pulmonary
disease, bronchial asthma, hypertension, heart failure),
Charlson Comorbidity Index to quantify the effect of comor-
bidities , number of physicians who prescribed therapy to a
particular patient, data on prescribed medication during hos-
pitalization of a particular patient (total number of prescribed
drugs, number of different pharmacological/therapeutic sub-
groups prescribed according to Anatomical Therapeutic
Chemical Classification codes, prescribing certain groups of
drugs such as antidepressants, anticonvulsants, anticoagu-
lants, antiarrhythmic and antiaggregation drugs) and interac-
tion checker data (number and description of the DDI).

Checking of DDI

The presence of potential interactions and their classifi-
cation was determined for each hospital day for each patient
using three relevant interaction checker databases which op-
erate on the principle of Internet applications: Medscape (9),
Epocrates (7) and Micromedex (5). Given that these checkers
have their own systems of classification of interactions based
on severity, according to Medscape, DDI could be catego-
rized as Contraindicated, Serious- Use alternative, Monitor
closely and Minor, while Epocrates classifies them as Con-
traindicated, Avoid/use alternative, Monitor/modify therapy
and Caution advised, and Micromedex separates them into



Contraindicated, Major, Moderate and Minor drug-drug in-
teractions.

Data analysis

The study data were analyzed by descriptive statistics and
presented in tables. Mean and standard deviation was used as
a measure of central tendency and dispersion for continuous
variables. Values of categorical variables were presented as
rates or percentages. Influence of potential risk factors on

RESULTS

The study included 200 patients who were hospitalized in
five surgery departments. Characteristics of the patients are
shown in the Table 1. Twenty two patients (11%) didn't have
a single drug-drug interaction detected by any of the used in-
teraction checkers. Average number of potential drug-drug
interactions detected by each of the interaction checkers is
shown in the Table 2.

number of drug-drug interactions per patient was evaluated
by multiple linear regression analysis. Statistical validity of
the regression was checked by analysis of variance (F value)
and percentage of outcome (number of DDIs per patient) var-
iability explained (R?). Influence of potential risk factors on
number of DDIs per patient was assessed by their B coeffi-
cients within the regression equation, including confidence
intervals (Cls). All calculations were performed by the Sta-
tistical Program for Social Sciences (SPSS version 20).

The largest number of potential drug-drug interactions was
detected by Epocrates (3749), followed by Medscape (3466)
and Micromedex (2100). Number of Contraindicated and
Avoid/use alternative interactions detected by Epocrates was
681 (18.1% of pDDIs), Contraindicated and Serious-Use al-
ternative interactions detected by Medscape was 553 (16.0%
of pDDIs) and Contraindicated and Major interactions de-
tected by Micromedex was 1492 (71.0% of pDDIs).

Table 1. Characteristics of the study sample

Variable Mean * standard deviation (range) or number (%)
Age (years) 58.54 + 17.08 (18 92)
Gender Male: 97 (48.5%)

Female: 103 (51.5%)

Length of hospitalization (days)

6.63 + 4.14 (1 29)

Transfer from another ward 2 (1.0%)
Transfer from emergency department 130 (65.0%)
Transfer from intensive care unit 2 (1.0%)

At least one day of immobilization because of ag- 7 (3.5%)
itation

Inability to stand up from the bed 10 (5.0%)

Number of prescribed drugs

15.36 + 7.16 (3-38)

Number of pharmacological/therapeutic sub-
groups (2nd level of ATC classification) pre-
scribed

11.17 £5.03 (2 24)

Number of physicians who prescribed drugs to 2.05+0.99 (1 7)

single patient

Surgery

112 (56.0%)

Charlson Comorbidity Index

1.58 + 2.37 (0-10)

Delirium or dementia 5 (2.5%)
Renal failure 3 (1.5%)
Liver cirrhosis 1 (0.5%)
Diabetes 29 (14.5%)
Chronic obstructive pulmonary disease 12 (6.0%)
Asthma 3 (1.5%)

Hypertension

101 (50.5%)

Heart failure

30 (15.0%)

Anticoagulant therapy

100 (50.0%)

Drug allergy 13 (6.5%)
Antidepressants 5 (2.5%)
Antiarrhythmic drugs 9 (4.5%)
Mechanical ventilation 3 (1.5%)
Coma 1 (0.5%)
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Table 2. Average number of potential drug-drug interactions per patient by checker

Type of interaction Mean =+ standard deviation (range)
Medscape
Contraindicated 0.00 £ 0.00 (0-0)
Serious — Use alternative 2.81 +2.66 (0-10)
Monitor closely 11.76 £ 10.66 (0-49)
Minor 2.75+3.12 (0-17)
Total 17.33 + 15.34 (0-67)
Epocrates
Contraindicated 0.29 + 0.47 (0-2)
Avoid/use alternative 3.134+3.09 (0-12)
Monitor/modify therapy 10.41 +10.02 (0-41)
Caution advised 4.92 +£5.15 (0-17)
Total 18.75 £ 17.14 (0-67)
Micromedex
Contraindicated 0.60 + 0.63 (0-2)
Major 6.92 £ 6.46 (0-27)
Moderate 2.75+3.03 (0-15)
Minor 0.22 £ 0,50 (0-2)
Total 10.50 +£9.10 (0-38)

Results of the last step of the backward multiple linear
regression analysis are presented in the Tables 3-5. Compar-
ing all significant independent factors that entered the final
regression model 18 different factors were identified from a
total of 21. These factors in descending order and the number
of times when factor entered the final model are: number of
prescribed drugs (7), surgery (6), number of pharmacologi-
cal/therapeutic subgroups (2nd level of ATC classification)
prescribed (5), length of hospitalization (days) (5), hyperten-
sion (5), antiarrhythmic therapy (4), chronic obstructive pul-
monary disease (4), Charlson comorbidity index (3), transfer
from emergency department (3), delirium or dementia (3), di-
abetes (3), antidepressive therapy (2), heart failure (2), anti-
coagulant therapy (2), number of physicians who prescribed
drugs to single patient (2), inability to stand up from the bed
(1), age (years) (1) and drug allergy (1).

Eight factors were positively correlated with number of
DDils, i.e. in other words, we can say that they contribute to
the occurrence of DDIs: number of prescribed drugs, antide-
pressive therapy, antiarrhythmic therapy, number of pharma-
cological/therapeutic subgroups (2nd level of ATC classifi-
cation) prescribed, delirium or dementia, diabetes, heart fail-
ure, and number of physicians who prescribed drugs to single
patient. Two factors were negatively correlated with number
of DDIs (protective factors): length of hospitalization in days
and age of patient in years.

Surgery was positively correlated with number of Serious
— Use alternative interactions by Medscape (Table 3),
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number of Avoid/use alternative, Monitor/modify therapy
and Caution advised interactions by Epocrates (Table 4) and
number of Major interactions by Micromedex (Table 5) but
was found to be negatively correlated with the number of Mi-
nor interactions by Micromedex (Table 5). It was shown that
hypertension was a risk factor for higher number of Monitor
closely and Minor interactions by Medscape (Table 3),
higher number of Monitor/modify therapy interactions by
Epocrates (Table 4) and higher number of Moderate interac-
tions by Micromedex (Table 5) but in same time was protec-
tive factor for the occurrence of Caution advised interactions
by Epocrates (Table 4). Patients with chronic obstructive pul-
monary disease had lower number of Avoid/use alternative
and Monitor/modify therapy interactions by Epocrates (Table
4) and number of Major interactions by Micromedex (Table
5) but also had a higher number of Minor interactions by Mi-
cromedex (Table 5). Charlson Comorbidity Index was asso-
ciated with less Minor interactions by Medscape (Table 3)
and Minor interactions by Micromedex (Table 5) and with
more Monitor/modify therapy interactions by Epocrates (Ta-
ble 4). Transfer from emergency department was positively
correlated with number of Serious — Use alternative interac-
tions by Medscape (Table 3), but was negatively correlated
with the number of Monitor closely interactions by Medscape
(Table 3) and number of Moderate interactions by Mi-
cromedex (Table 5). Positive association was shown between
anticoagulant therapy and number of Major interactions by
Micromedex (Table 5), and negative association between an-
ticoagulant therapy and number of Caution advised interac-
tions by Epocrates (Table 4).



Table 3. Variables included in the last step of the model for

potential drug-drug interactions detected by Medscape

Variables B P 95% ClI
Serious — Use alternative interaction
Constant -1.852 <0.001" -2.435 to -1.269
Number of prescribed drugs 0.206 <0.001" 0.1651t0 0.248
Transfer from emergency de- | 0.461 0.037" 0.029 to 0.893
partment
Surgery 1.932 <0.001" 1.308 to 2.557
Antidepressive therapy 1.315 0.037" 0.078 t0 2.552
Antiarrhythmic therapy 1.697 <0.001" 0.756 to 2.638

R% F (p)

0.750; 116.144 (<0.001°)

Monitor closely interaction

Constant -4.520 <0.001" -6.840 to -2.201
Number of prescribed drugs 0.565 <0.001" 0.269 to 0.860
Number of pharmacologi- 0.835 <0.001" 0.408 to 1.263
cal/therapeutic subgroups (2nd

level of ATC classification)

prescribed

Delirium or dementia 5.208 0.029" 0.548 t0 9.869
Length of hospitalization -0.351 <0.001" -0.547 to -0.156
(days)

Transfer from emergency de- | -2.206 0.010%, -3.879 t0 -0.533
partment

Diabetes 3.878 0.001" 1.683 t0 6.073
Hypertension 2.079 0.008" 0.543 t0 3.615
Antiarrhythmic therapy 6.657 <0.001" 3.12310 10.190

R% F (p)

0.783; 85.907 (<0.001")

Minor interaction

Constant -1.845 <0.001" -2.535 10 -1.156
Number of prescribed drugs 0.257 <0.001" 0.216 t0 0.298
Delirium or dementia 1.898 0.044" 0.052 t0 3.744
Charlson Comorbidity Index | -0.279 <0.001" -0.416 to -0.143
Diabetes 2.601 <0.001" 1.695 to 3.507
Hypertension 1.302 <0.001" 0.685 to 1.920
Drug allergy -1.057 0.070 -2.203 t0 0.089
Antidepressants 3.281 <0.001" 1.456 t0 5.106
R% F (p) 0.606; 42.152 (<0.001")

B - unstandardized coefficient; Cl — confidence interval; p — statistical significance.

« Statistically significant.

Table 4. Variables included in the last step of the model for

potential drug-drug interactions detected by Epocrates

Variables | B | p | 95% ClI
Avoid/use alternative interaction
Constant -0.288 0.610 -1.401 t0 0.824
Age (years) -0.016 0.067 -0.033 t0 0.001
Number of prescribed drugs 0.197 <0.001" 0.137t0 0.258
Surgery 2,281 <0.001" 1.411t0 3.152
Chronic obstructive pulmonary disease -2,189 <0.001" -3.330 to -1.047
Heart failure 0.833 0.043" 0.026 to 1.641
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Variables B p 95% ClI

Antiarrhythmic therapy 1,257 0.056 -0.034 to 2.547
R? F (p) 0.649; 59.465 (<|0.001*) |

Monitor/modify therapy interaction

Constant -6.076 <0.001" -7.954 to -4.197
Number of prescribed drugs 0.617 <0.001" 0.316t0 0.918
Number of pharmacological/therapeutic subgroups | 0.511 0.023" 0.071to 0.950
(2nd level of ATC classification) prescribed

Charlson Comorbidity Index 0.426 0.009" 0.108't0 0.744
Length of hospitalization (days) -0.373 <0.001" -0.561 to0 -0.184
At least one day of immobilization because of agi- | 4.245 0.050 0.004 to 8.486
tation

Inability to stand up from the bed -3.129 0.077 -6.605 to 0.347
Surgery 3.681 0.004" 1.209 t0 6.153
Chronic obstructive pulmonary disease -3.458 0.030" -6.576 to -0.340
Hypertension 2474 0.002" 0.903 to 4.045
R% F (p) 0.784; 76.477 (<|0.001*) |

Caution advised interaction

Constant -2.930 <0.001" -4.007 to -1.852
Number of prescribed drugs 0.297 <0.001" 0.133 to 0.462
Number of pharmacological/therapeutic subgroups | 0.391 0.002" 0.146 to 0.635
(2nd level of ATC classification) prescribed

Length of hospitalization (days) -0.197 <0.001" -0.304 to -0.089
Surgery 1.983 0.007" 0.536 to 3.430
Hypertension -0.906 0.041" -1.777 to -0.036
Anticoagulant therapy -1.194 0.019" -2.192 t0 -0.196
Drug allergy 1.662 0.040" 0.074 to 3.251
Antidepressants 2.332 0.070 -0.190 to 4.854
R% F (p) 0.726; 63.187 (<0.001")

B — unstandardized coefficient; Cl — confidence interval; p — statistical significance.
x Statistically significant.

Table 5. Variables included in the last step of the model for
potential drug-drug interactions detected by Micromedex

Variables | B | p | 95% ClI
Major interaction
Constant -0.352 0.723 -2.312 to 1.608
Age (years) -0.032 0.033" -0.060 to -0.003
Number of prescribed drugs 0.457 <0.001" 0.337t0 0.577
Length of hospitalization (days) -0.164 0.009" -0.287 t0 -0.042
Surgery 3.390 <0.001" 1.783 t0 4.996
Chronic obstructive pulmonary disease -2.821 0.005" -4.801 t0 -0.841
Anticoagulant therapy 2.615 <0.001" 1.450t0 3.781
Antiarrhythmic therapy 3.193 0.006" 0.928 to 5.457
R% F (p) 0.756; 84.890 (<0.001") |
Moderate interaction
Constant -0.934 0.033" -1.793 t0 -0.074
Number of pharmacological/therapeutic subgroups | 0.319 <0.001" 0.262t0 0.376
(2nd level of ATC classification) prescribed




Variables B p 95% ClI
Number of physicians who prescribed drugs to sin- | 0.332 0.020" 0.053t0 0.611
gle patient
Delirium or dementia 2.198 0.009" 0.559 to 3.836
Charlson Comorbidity Index -0.113 0.069 -0.234 t0 0.009
Length of hospitalization (days) -0.132 <0.001" -0.203 to -0.061
Transfer from emergency department -0.904 0.003" -1.488 to -0.321
Diabetes 2.337 <0.001" 1.546 t0 3.129
Hypertension 1.132 <0.001" 0.575 t0 1.690
Heart failure 0.884 0.020" 0.1381t0 1.629
R% F (p) 0.690; 47.032 (<0.001")
Minor interaction
Constant -0.155 0.096 -0.337 t0 0.028
Number of pharmacological/therapeutic subgroups | 0.030 0.005" 0.009 to 0.050
(2nd level of ATC classification) prescribed
Number of physicians who prescribed drugs to sin- | 0.089 0.016" 0.017t0 0.161
gle patient
Charlson Comorbidity Index -0.031 0.031" -0.060 to -0.003
Inability to stand up from the bed 0.373 0.015" 0.0721t0 0.674
Surgery -0.276 0.006" -0.472 to -0.081
Chronic obstructive pulmonary disease 0.503 <0.001" 0.229100.776
Antiarrhythmic drugs 0.409 0.010" 0.097 to 0.722
R% F (p) 0.242; 8.758 (<0.001")

B — unstandardized coefficient; Cl — confidence interval; p — statistical significance.
x Statistically significant.

The Table 6 shows the most common contraindicated/se- fentanyl and sevoflurane which was detected by Medscape
rious/major interactions detected by the interaction checkers. interaction checker in 98 (49.0%) patients.

The most frequently occurring interaction was between

Table 6. The most frequent contraindicated/serious/major
potential interactions detected by the interaction checkers

Drug combinations Description Nurggteizr(]ft’/;) of
Medscape
Serious — Use alternative
1. Fentanyl + sevoflurane Either increases effects of the other by 98 (49.0%)
pharmacodynamic synergism
2. Fentanyl + propofol Either increases effects of the other by 95 (47.5%)
pharmacodynamic synergism
3. Fentanyl + rocuronium Either increases effects of the other by 81 (40.5%)
pharmacodynamic synergism
4. Fentanyl + tramadol Either increases effects of the other by 74 (37.0%)
pharmacodynamic synergism
5. Diclofenac + ketorolac Either increases toxicity of the other by 23 (11.5%)
pharmacodynamic synergism.
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Drug combinations

Description

Number (%) of
patients

Epocrates

Contraindicated

1. Atropine + potassium chloride

Combo may delay solid potassium pas-
sage through Gl tract, increased risk of
ulcerative/stenotic lesions

44 (22.0%)

2. Potassium chloride + scopolamine Combo may delay solid potassium pas- 8 (4.0%)
sage through Gl tract, increased risk of
ulcerative/stenotic lesions

3. Aspirin + ketorolac Combo may increase risk of Gl bleeding, | 6 (3.0%)

Avoid/use alternative
1. Ondansetron + sevofluran Combo may increase risk of QT prolon- | 78 (39.0%)

gation, cardiac arrhythmias

2. Fentanyl + midazolam

Combo may increase risk of profound
CNS and resp. depression, psychomotor
impairment

73 (36.5%)

w

Fentanyl + tramadol

Combo may increase risk of profound
CNS and resp. depression, psychomotor
impairment

73 (36.5%)

4, Ondansetron + tramadol

Combo may increase risk of QT prolon-
gation, cardiac arrhythmias

59 (29.5%)

5. Fentanyl + potassium chloride Combo may delay solid potassium pas- 53 (26.5%)
sage through Gl tract, increased risk of
ulcerative/stenotic lesions

Micromedex

Contraindicated

1. Atropine + potassium chloride

Concurrent use may result in risk of gas-
trointestinal lesions.

78 (39.0%)

2. Diclofenac + ketorolac

Enhanced gastrointestinal adverse effects

23 (11.5%)

3. Aspirin + ketorolac Gastrointestinal adverse effects 7 (3.5%)

4. Potassium chloride + scopolamine Concurrent use may result in risk of gas- | 7 (3.5%)
trointestinal lesions.

5. Haloperidol + metoclopramide Concurrent use may result in an in- 1 (0.5%)

creased risk of extrapyramidal reactions
and neuroleptic malignant syndrome.

1. Fentanyl + propofol

Concurrent use may result in increased
risk of CNS depression.

91 (45.5%)

2. Ondansetron + sevoflurane

Concurrent use may result in increased
risk of QT-interval prolongation.

76 (38.0%)

3. Fentanyl + ranitidine

Concurrent use may result in increased
risk of fentanyl toxicity.

75 (37.5%)

4. Ranitidine + tramadol

Concurrent use may result in increased
tramadol exposure and increased risk of
respiratory depression.

75 (37.5%)

5. Fentanyl + tramadol

Concurrent use may result in increased
risk of respiratory and CNS depression;
increased risk of serotonin syndrome.

74 (37.0%)

DISCUSSION

We showed that the occurrence of DDIs is predisposed by
factors such as number of prescribed drugs, number of phar-
macological/therapeutic subgroups, prescribed antidepres-
sants, antiarrhythmic drugs, number of physicians who pre-
scribed drugs to single patient, delirium or dementia,
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diabetes, and heart failure. On the other hand, length of hos-
pitalization and age of patients are set as factors that reduce
the risk of DDIs. There are also factors, such as surgery, hy-
pertension, chronic obstructive pulmonary disease, Charlson
Comorbidity Index, transfer from emergency department and
anticoagulant therapy, whose impact is equivocal and depend



on the incidence of DDIs depends on the checker used for
detection of DDIs as well as on the type of interaction.

The increase in the number of prescribed medication car-
ries a higher risk for the occurrence of DDIs, and we could
say that the results of our study are consistent with the results
of other authors (12, 21-22). A significant risk factor for the
occurrence of DDIs in our study is related to the use of anti-
arrhythmic drugs, which is also demonstrated in other studies
(3). Most of antiarrhythmics are metabolized via the cyto-
chrome P450 enzyme system, so they can interact with a
number of cytochrome P450 inducers / inhibitors. Because of
their narrow therapeutic window, interactions of antiarrhyth-
mics generally have a serious clinical character (23). We also
found that use of antidepressants is also related with higher
risk od DDIs occurrence in surgical patients, which also can
be easily explained by the basic pharmacological properties
of these drugs. Fluoxetine and paroxetine are potent inhibi-
tors of CYP2D6, fluvoxamine and nefazodone inhibit
CYP3A4, while tricyclic antidepressants and monoamine ox-
idase inhibitors beside pharmacokinetic interactions, have a
significant potential for pharmacodynamic interactions (24).

Most of patients included in our study had one or more
comorbidities, which were mostly treated in the same way as
before hospitalization. Presence of comorbidities in patients
represents a significant risk factor for the occurrence of inter-
actions (25). In our study, we found positive correlation be-
tween number of DDIs and presence of diabetes, heart failure
and dementia/delirium. Hypertension was positively corre-
lated with clinical significant interactions and negatively cor-
related with DDIs of minor clinical significance, while the
presence of chronic obstructive pulmonary disease (COPD)
paradoxically meant a lower risk of occurrence of clinically
significant interactions. The results of previous studies (26-
27) suggest that the presence of cardiac diseases represents a
significant risk factor for the occurrence of interactions. This
is due the fact that cardiovascular diseases, particularly heart
failure and severe hypertension, are treated with a combina-
tion of drugs such as beta-blockers, ACE inhibitors, diuretics
and digoxin, which have a notable potential to interact with
other drugs (28). Additionally, anticoagulation and anti-
aggregation drugs are often used to prevent unwanted cardi-
ovascular events. Among these drugs, a particularly high po-
tential for interaction has warfarin due to it is metabolized via
the cytochrome P450 enzyme system (29). We showed that
use of anticoagulants increases the risk of major DDIs, and
because of that, there is a necessity of special caution when
prescribing these drugs. Of antidiabetic drugs, sulfonylurea
derivatives have a serious potential for interactions with other
drugs at the cytochrome P450 level in liver, whereas metfor-
min should be used with caution in patients receiving ne-
phrotoxic drugs, primarily NSAIDs (30). In this possible lies
the explanation of the result of our study in which the pres-
ence of diabetes mellitus in surgical patients significantly in-
creased the risk of DDIs. Patients with delirium in our study
were treated with haloperidol, a typical antipsychotic that in-
teracts with other CNS depressants (31), but also with meto-
clopramide (32), which was also commonly used antiemetic

in patients enrolled in this study. This is in line with the find-
ing we of our study, in which the presence of delirium was
identified as a significant risk factor for the occurrence of in-
teractions. When we talk about chronic obstructive pulmo-
nary disease, we found that presence of COPD was protective
factor for the occurrence of significant DDIs, but also factor
which predispose the occurrence of minor DDIs. Similar re-
sults were reported by a group of authors from Slovenia (33-
34), who showed that the interactions in patients with COPD
are frequent, but that they were of minor clinical relevance.

Surgical intervention during hospitalization in our study
was related to increased number of clinical significance
DDls. It is known that in surgical patients interactions typi-
cally occur during the use of warfarin, digoxin and drugs used
for anesthesia of patients (19-20). In our study the most com-
monly clinical significant DDIs by all of three used checkers
were interactions that involved drugs used for general anes-
thesia of patients. In addition to general anesthetics, opiod
analgesics fentanyl and tramadol, antiemetic ondansetron
and ranitidine were included within these interactions. Inter-
actions between general anesthetics and clinical analgesics
have been predicted and found to be useful in clinical practice
due to the synergistic hypnotic and analgesic effect (35), but
a great caution is needed when combining these drugs in or-
der to avoid over-hypnosis of patients and the occurrence of
a coma. The number of DDIs in patients who undergo surgi-
cal interventions is also increased due to the introduction of
antibiotic prophylaxis as well as the treatment of postopera-
tive pain (36). It has also been shown in our study, given that
among the most common clinically significant DDIs were in-
teractions involving NSAIDs, such as diclofenac and ke-
torolac. This combination of drugs can be considered as con-
traindicated due to the fact that such practice does not in-
crease the effectiveness of analgesic therapy, while the toxic
effects of NSAIDs on the kidneys and stomach become more
pronounced.

The elderly takes a greater number of drugs in general,
with consequently increased risk of DDIs (37). The results of
our study, on the other hand, show that the risk of interaction
is reduced with increasing age of patients. This phenomenon
can be explained in several ways. Firstly, as we have previ-
ously stated, in the most commonly detected DDIs in our pa-
tients participated the drugs used for the preoperative anes-
thesia of patients. Despite significant progress in the field of
anesthesiology and postoperative care of patients, it could be
said that operations that are not essential to a patient's life are
not routinely performed in elderly patients due to the more
common occurrence of postoperative complications and a
higher rate of morbidity and mortality (38). Also, in our
study, we examined the risk factors for the emergence of in-
teractions in surgical patients, while studies that showed an
opposite effect of age on the incidence of DDIs (11, 37) were
conducted on patients hospitalized in several different wards.
Therefore, there is a necessity for conducting new studies on
a larger sample of surgical patients in order to examine this
phenomenon.
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Increased duration of stay in the hospital is associated
with a higher risk of DDIs (3, 15). However, in our study, we
found that length of hospitalization could be a protective fac-
tor for the occurrence of DDIs in surgical patients. We could
say that the length of hospitalization has an indirect impact
on the incidence of DDIs, since the extension of the hospital-
ization increases the number of drugs that are prescribed to
patients. Since the study by Jankovic et al (3) was also con-
ducted on patients who were hospitalized at the Clinical Cen-
ter Kragujevac but in the intensive care unit, the explanation
of this phenomenon should be sought in the differences in the
functioning of these departments. In the intensive care unit of
the Clinical Center in Kragujevac are treated life-threatening
condition in patients with indications that require the use of
a large number of drugs and prolonged treatment. On the
other hand, patients in the surgical department generally have
better conditions and their extended stay is usually the con-
sequence of a postoperative infection of the wound, which
requires the introduction of antibiotic therapy. Antibiotics do
not have such a great potential for interactions with other
drugs, as shown in our research, since the interactions of an-
tibiotics with other drugs were not so frequent.

Finally, it is important to emphasize that our study has
significant limitations. The first limitation relates to a rela-
tively modest sample size of patients who were surgically
treated in a single center; therefore, there is a possibility that
it did not reveal all factors which might be associated with
the occurrence of DDIs in surgical patients. Second im-
portant shortcoming of our study relates to the disadvantages
of the applications (online checkers) used for detection of
DDls. This applies in particular to Medscape and Epocrates,
because these checkers do not offer the possibility of check-
ing potential DDIs for drugs such as nadroparin and
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bromazepam, that were relatively frequently administered in
our patients. Also, this study was related to the theoretical
presentation of potential DDIs in surgical patients, while the
practical significance of most of these interactions was not
the subject of this study.

In conclusion, we could say that DDIs in surgical patients
are relatively common and that their occurrence is predis-
posed by factors such as number of prescribed drugs or drug
group per patient, number of physicians who prescribed
drugs, antidepressive therapy, antiarrhythmic therapy, delir-
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hand, length of hospitalization and age are factors that reduce
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drugs used for the preoperative anesthesia of patients, whose
synergistic effect is mostly predictable and desirable. How-
ever, the combination of these drugs requires great caution
because in case of overdose there is a risk of respiratory de-
pression, coma and even death of the patient. The online ap-
plications widely used nowadays for detection potential
DDils are quite effective, but they have some disadvantages
that need to be corrected.
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ABSTRACT

Heterozygous familial hypercholesterolemia is associated
with a high risk of early ischemic heart disease onset and cardio-
vascular death. There is almost no data about the prevalence of
the disease in the Ukrainian population. The aim of the study was
to assess the incidence of familial hypercholesterolemia among
patients who were treated in “L.T. Malaya Therapy National In-
stitute of the National Academy of Medical Sciences of Ukraine”
due to early ischemic heart disease. Medical records data of 600
patients treated in the Institute during 2015-2017 were analyzed.
Early ischemic heart disease was diagnosed in 89 patients. The
disease verification has been conducted either on the basis of cor-
onarography data, or on the basis of previous myocardial infarc-
tion with Q wave. To identify patients with familial hypercholes-
terolemia, the Dutch lipid clinic network criteria were used. The
presence of familial hypercholesterolemia was suspected in more
than 14.8% of patients with early ischemic heart disease. Among
these patients, 2 (2.2%) had definite diagnosis; 27 (30.3%) were
likely to have diagnosis, 26 (29.7%) had possible diagnosis and
in 34 (38,2%) patients it was unlikely to diagnose them with fa-
milial hypercholesterolemia. The term ““familial hypercholester-
olemia” was not mentioned in the hospital diagnosis. This paper
demonstrates that despite frequent occurrence of familial hyper-
cholesterolemia, doctors’ alertness towards this disease has been
noted to be quite low.

Keywords: heterozygous familial hypercholesterolemia; early
ischemic heart disease

Accepted/Prihvacen: 26.05.2019.

SAZETAK

Heterorozna porodicna hiperholesterolemija povezana je sa
velikim rizikom od ranog nastanka ishemijske bolesti i kardio-
vaskularne smrti. Gotovo da nema podataka o rasprostranjenosti
bolesti u ukrajinskoj populaciji. Cilj studije bio je proceniti
ucestalost porodicne hiperholesterolemije kod pacijenata koji su
leceni od ,,L.T. Malaja terapija, Nacionalni institut Nacionalne
akademije medicinskih nauka Ukrajine “zbog rane ishemijske
bolesti srca. Analizirani su podaci medicinske evidencije za 600
pacijenata lecenih u Institutu tokom 2015-2017. Rana ishemijska
bolest srca dijagnostikovana je kod 89 pacijenata. Verifikacija
bolesti je izvrSena ili na osnovu podataka koronarografije, ili na
osnovu prethodnog infarkta miokarda sa K talasom. Da bi se
identifikovali pacijenti sa porodicnom hiperholesterolemijom,
koriScéeni su mreZni kriterijumi holandske lipidne klinike. Sumn-
Jjalo se na prisustvo porodicne hiperholesterolemije kod vise od
14,8% pacijenata sa ranom ishemijskom boleS¢u srca. Medu tim
pacijentima, 2 (2,2%) je imala definitivnu dijagnozu; 27 (30,3%)
verovatno ce imati dijagnozu, 26 (29,7%) - imalo je mogucu di-
jagnozu, a kod 34 (38,2%) pacijenata nije bilo verovatno da im se
dijagnostikuje porodicna hiperholesterolemija. Izraz "porodicna
hiperholesterolemija" nije spomenut u bolnickoj dijagnozi. Ovaj
rad pokazuje da je uprkos ucestaloj pojavi porodicne hiperholes-
terolemije primeceno da je doktor lekara na ovu bolest prilicno
nizak.

Kljuéne redi: heterorozna porodicna hiperholesterolemija;
rana ishemijska bolest srca

ABBREVIATIONS

HDH-C - high density lipoproteins cholesterol
LDL-C - low density lipoproteins cholesterol

TC - total cholesterol

TG - Triglycerides

VLD-C - very low-density lipoproteins cholesterol
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INTRODUCTION

Familial hypercholesterolemia is an autosomal dominant
hereditary disease characterized by high levels of low-den-
sity lipoproteins and early development of ischemic heart dis-
ease, as well as by early atherosclerosis of other localization
(1). The homozygous form of the disease is a rare condition
and occurs with a frequency of 1: 1.000.000 in the general
population. Conversely, the heterozygous form is one of the
most widespread genetically determined human diseases. It
was believed earlier that the heterozygous form of the disease
occurs in 1 out of 500 subjects; now the ratio is about 1 per
200-300 subjects (2). One of the most common causes of this
disease development is a mutation responsible for low-den-
sity lipoprotein receptors functioning. Besides, the disease
can be caused by other rare mutations of genes encoding
apolipoprotein B, pro-protein convertase subtilisin/kexin
type 9 and LDL adaptor protein 1 (3).

The disease is associated with a high risk of early athero-
sclerosis and cardiovascular death. Nanchen D. et al. demon-
strated that patients with heterozygous familial hypercholes-
terolemia and those with acute coronary syndrome have two
times higher risk of recurrent event during the first year than
patients without familial hypercholesterolemia (4).

One of the most optimal strategies is the creation of na-
tional registries and long-term monitoring of patients’ fami-
lies. Such an approach will allow to identify patients with
suspected familial hypercholesterolemia and initiate therapy
at an early age. Besides, maintenance of state registries will
furnish possibility to examine relatives, especially children,
and, again, allow to start the treatment early. Currently, there
is no centralized system for registering patients with familial
hypercholesterolemia in Ukraine. Gold standard for this dis-
ease diagnosis is a genetic study and confirmation of muta-
tion carriage. At the same time, this method is expensive and
not affordable for routine use in many countries. Therefore,
many countries use clinical criteria to make up registry and
detect patients at risk. There are several options for the diag-
nosis as per clinical criteria, but the most common diagnostic
criteria are the following: Dutch Lipid Clinic Network, Si-
mon Broome, Make Early Diagnosis to Prevent Early Deaths
and American Heart Association (1). In their work, Chan et
al. matched the data of clinical scales and the results of ge-
netic study and demonstrated quite high diagnostic value of
Dutch Lipid Clinic Network, Simon Broome, and Make
Early Diagnosis to Prevent Early Deaths scales. The authors
state that cholesterol level before the treatment start, family
history and presence of xanthomas are quite strong criteria
for detecting candidates for genetic study (5).

The objective of this study was to identify subjects with
familial hypercholesterolemia among patients who sought
care in “L.T. Mala National Institute of Therapy of the Na-
tional Academy of Medical Sciences of Ukraine” due to is-
chemic heart disease during 2015 — 2017, according to clini-
cal criteria.
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MATERIALS AND METHODS
Data Source

Investigators analyzed the data from medical histories of
patients who were treated in “L.T. Mala National Institute of
Therapy of the National Academy of Medical Sciences of
Ukraine” during 2015-2017. Only medical records of pa-
tients with verified ischemic heart disease were eligible for
the analysis. Early ischemic heart disease involves disease
onset before the age of 60 in women and 55 in men (6). Dis-
ease verification has been conducted either on the basis of
coronary angiography data, or on the basis of previous myo-
cardial infarction with Q wave. The total of 600 medical rec-
ords were analyzed.

Identification of patients with Familial Hypercholesterol-
emia

To identify patients with familial hypercholesterolemia
the investigators used Dutch lipid clinic network criteria (Ta-
ble 1).

Ethics Statement

The study was approved by the Ethical Committee of
“L.T. Mala National Institute of Therapy of the National
Academy of Medical Sciences of Ukraine”

Statistical analysis

Statistical analysis was performed using SPSS software,
version 17.0. 2 test was used for comparison of clinical char-
acteristics between groups of patients.

RESULTS

From all the medical records for the period 2015-2017,
early ischemic heart disease was revealed in 89 patients. Av-
erage age of the patients included in the analysis was 49+4.5
years. Evaluation by clinical criteria allowed to suspect the
presence of familial hypercholesterolemia in more than
14.8% of patients with early ischemic heart disease. Upon
that, among these patients, 2 (2.2%) had definite diagnosis;
27 (30.3%) were likely to have diagnosis, 26 (29.7%) had
possible diagnosis and in 34 (38.2%) patients it was unlikely
to diagnose them with familial hypercholesterolemia. The
distribution of patients as per familial hypercholesterolemia
diagnosis criteria is shown in Fig. 1.

Investigators compared the groups with different degrees
of diagnosis probability on the basis of disease course, age
and risk factors (Table 2).

The patients with definite diagnosis of familial hypercho-
lesterolemia were younger than patients with probable, pos-
sible and unlikely diagnosis. Smoking and hypertension were
observed significantly more frequently among patients with
unlikely diagnosis of familial hypercholesterolemia (Table
3).



It is additionally notable that among the patients included in this study “familial hypercholesterolemia” was not men-
tioned anywhere in their diagnosis.

Table 1. Clinical criteria for identification patients with familial hypercholesterolemia
(Dutch clinics criteria - Dutch Lipid Clinics Network Criteria)

Family history

A. First degree relatives with known premature (men < 55 y.o.; women < 60 y.o.) 1
coronary or vascular disease or first degree relatives with known LDL above the
95th percentile

B. First degree relatives with tendiunous xanthomata and/or arcus cornealis or chil- 2
dren < 18 y.o. with LDL above the 95th percentile

Clinical history

A. Patients with premature (men < 55 y.o.; women < 60 y.o.) coronary artery dis- 2
ease
B. Patients with premature (men < 55 y.o0.; women < 60 y.0.) cerebral or peripheral 1

vascular disease

Physical examination

A. Tendinous xanthomata 6

B. Arcus cornealis before 45 y.o.

LDL-C level

A.LDL-C > 8,5 mmol/l

B. LDL-C 6,5 - 8,5 mmol/Il
C.LDL-C5-6,4 mmol/l

= | W | o1 | ©

D. LDL-C 4 - 4,9 mmol/l (normal TG)

DNA analysis

A. Functional mutation in the LDL-receptors, ApoB or PCSK9 gene 8

Use onle one score of groups, the highest applicable
Diagnosis (diagnosis is based on total number of points obtained)

‘Definite’ FH diagnosis requires >8 points

‘Probable’ FH diagnosis requires 6-8
points

‘Possible’” FH diagnosis requires 3-5
points
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Table 2. Characteristics of patients with early ischemic heart disease.

Definite Probable Possible Unlikely
diagnosis diagnosis diagnosis diagnosis
n=2(2,2%) | n=27 (30,3%) | n=26 (29,7 %) | n=34 (38,2 %) p

group 1 group 2 group 3 group 4
Al P,3=0,001
ye%‘?s 37/39 41,245,7 51,446,3 50,3%8,7 P,.4=0,001
p2.3:0,588
Female 1 male/ P,.3=0,430

n (%) ' 1 female 17 (62,9%) 19 (73,1%) 4 (11,7%) P,.4=0,0001
P3.4:0,0001

P2.3:0,669
Smoking (%) 0 4 (14,8%) 5 (19,2%) 14 (41,7%) P,.4=0,025
P3.4:0,070
P2.3:0,500
Hypertension (%) 0 9 (33,3%) 11 (42,3%) 26 (76,5%) P».4=0,002
p.3.4:0,007
History of P»3=0,875
myocardial 0 12 (44,4%) 11 (42,3%) 19 (55,8%) P2.4=0,375
infarction (%) P3.4=0,297
Clinically significant P23=0,430
coronary 2 10 (37,1%) 7 (26,9%) 7 (20,5%) P2-4=0,155
atherosclerosis (%) P3.4=0,565
Revascularisation P25=0,676
%) 0 4 (14,8%) 6 (23,1%) 2 (5,8%) P2.4=0,465
P3.4=0,059
P2.3=0,875
Stable angina (%) 2 (100%) 15 (55,5%) 15 (57,7%) 15 (44,1%) P».4=0,375
P3.4:0,297

*comparison was conducted between groups 2, 3 and 4, since in the first group there were only two patients.

Table 3. Values of cholesterol and its fractions in groups of patients with early ischemic heart disease.

Definite Probable Possible dLiJ:é;k(fsli)g
n=2 n=27 n=26 =34 P
(2,2 %) (30,3%) (29,7 %) (38.2 %)
group 1 group 2 group 3 group 4
P2.3:0,248
TC mmol/l 14,1/13,11 8,48+3,11 7,52+2,86 6,11+2,13 P».4=0,001
P3.4=0,033
LDL-C P2.3=0,054
mmol/l ! 11,77/11,0 6,40+2,15 5,43+1,32 3,91+0,95 P»4=0,0001
P3.4=0,0001
P2.3=0,002
V'r-n%'-omc’ 0,62/0,42 1,07+0,38 0,76+0,29 1,12+035 | P2.4=0,596
P3.4=0,0001
HDL -C P2.3=0,025
mmol/l ' 1,72/1,34 1,14+0,35 1,45+0,60 0,90+0,34 P».4=0,009
P3.4:0,0001
P2.3:0,001
TG, mmol/l 3,81/2,14 2,44+0,98 1,71+0,45 2,13+0,67 P».4=0,148
P3.4:0,008




Fig. 1. Distribution of patients as per diagnosis of familial hypercholesterolemia
based on Dutch Lipid Clinics Network Criteria

30,3%

2,2%
|

m definite diagnosis

DISCUSSION

Clinical investigations have demonstrated that patients
with early ischemic heart disease are also frequently diag-
nosed with familial hypercholesterolemia and doctors should
therefore also consider this condition. Accordingly, further
observation by family physicians has been conducted with
slight alertness towards family members of the patients, and
due to this, further examination of relatives was not per-
formed and chances of disease were excluded. It has been
shown that a diagnosis of familial hypercholesterolemia can
increase patients’ compliance with a healthy life style (7) and
thus potentially improve outcomes.

Recent research has considered the incidence of familial
hypercholesterolemia in the general population. Although
studies were conducted in different ethnic groups and using
different clinical criteria, most studies have demonstrated rel-
atively high level of early ischemic heart disease among pa-
tients with known familial hypercholesterolemia. According
to the United States National health and Nutrition Surveys, a
personal history of early atherosclerotic disease was found in
59.1% of patients with a probable diagnosis and in 47.8% of
patients with a definite diagnosis (8).

In addition, several studies have also showed that the fre-
quency of familial hypercholesterolemia was significantly
higher among the patients with ischemic heart disease than in
the general population.

In our study, the incidence of familial hypercholesterole-
mia was 14.8% among patients with early ischemic heart dis-
ease. The reported prevalence of comorbidity varied accord-
ing to the definition criteria. According the criteria of the
American Heart Association, 2.5% of all patients with

probable diagnosis

38,2%

29,6%

possible diagnosis = unlikely diagnosis

ischemic heart disease had familial hypercholesterolemia
compared to 5.5% using Simone Broom’s definition, and
1.6% patients according to the criteria of the Dutch Lipid
Clinic (4). Among patients with stable coronary artery dis-
ease, 3.3% were diagnosed as having familial hypercholes-
terinemia (9).

The rate of familial hypercholesterolemia in our research
was closer to the reported EUROASPIRE IV results. This
registry enrolled only those patients with a diagnosed coro-
nary pathology. Among 7044 patients included in
EUROASPIRE IV, the prevalence of potential (considered to
be both probable and possible) familial hypercholesterolemia
was 8.35% in men and 11.4% in women (10). Faggiano P. et
al. found that among patients that had survived acute coro-
nary syndrome, 75% had a definite diagnosis of familial hy-
percholesterolemia and 60.9% of patients had a probable di-
agnosis. Among patients with stable coronary heart disease,
a definite diagnosis of familial hypercholesterolemia was
confirmed in 22.2% of the sample, and 29.1% had a probable
diagnosis of the disease (11). In our study, the proportion of
patients with a possible or probable diagnosis of familial hy-
percholesterolemia was significantly higher than these re-
ported rates. According to our data, among patients with sta-
ble angina, 57.4% had a probable and 55.3% had a possible
diagnosis of familial hypercholesterolemia. Furthermore,
compared to the results of Nanchen et al. and Faggiano et
al., our research suggests a significantly higher incidence of
familial hypercholesteremia (4, 11). This high incidence of
the disease in our study may be due to the fact that our study
only included patients with early ischemic heart disease,
while in the studies cited above, the data of patients with all
forms of the condition were analyzed. The results reported
by Cao et al. demonstrated that among patients with very
early onset of coronary heart disease 38.1% had familial
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hypercholesterolemia due to pathogenic mutations. Accord-
ing to the criteria of the Dutch Lipid Clinic Network, 26.7%
of patients had a probable and 15.2% had a definite diagnosis
of familial hypercholesterolemia (12). The data presented by
Cao et al. are most similar to our results. Both studies in-
cluded only patients with early ischemic heart diseases.

A relevant observation was presented by Pérez et al. in an
analysis of a population of patients with molecularly defined
familial hypercholesterolemia from the Spanish Familial Hy-
percholesterolemia Cohort Study (SAFEHEART). The me-
dian age of Spanish patients was similar to those of our pa-
tients who had a probable diagnosis (44,0 and 41,3). Accord-
ing to this study, atherosclerotic cardiovascular disease was
present in 13.0% of patients with familial hypercholesterole-
mia and in only 4.7% of their unaffected relatives. The main
difference between our study and Spanish registry was the
age at which ischemic heart disease was diagnosed. The pa-
tients with confirmed ischemic heart disease included in our
study were younger than patients with first manifestation of
atherosclerotic events in the Spanish registry. In our study,
the mean age of patients with early ischemic heart disease
and probable familial hypercholesterolemia was 41,2+5,7
years old and in the Spanish study first manifestation of ath-
erosclerotic events was at the age of 46,4+10,7 in male pa-
tients and 52+14,3 in female patients. One of the most con-
troversial finding of the Spanish study was that familial hy-
percholesterolemia did not influence the rate of premature
atherosclerotic cardiovascular disease. A premature athero-
sclerotic event was observed in 22.4% of patients with con-
firmed familial hypercholesterolemia and in 20.7% of their
unaffected relatives (p=0,28). The authors rationalized this
anomaly by suggesting that the relatively high prevalence of
other cardiovascular risk factors was different from LDL-
cholesterol in unaffected relatives (7).

Alternatively, the observed difference may be explained
by the fact that familial hypercholesterolemia phenotype is
highly variable, possibly due to both environmental and ge-
netic factors (13, 14). Durst et al. suggested that this may be
a result of the polygenic nature of the disorder, which, of
course, can cause various clinical manifestations of the dis-
ease (15). Despite the recent emergence of modern methods
of genetic analysis, it may still be impossible to determine the
key mutation in all the cases. A pathogenic familial hyper-
cholesteremia - causing mutation was detected in 30% of 885
patients tested. Elevated LDL-cholesterol and a personal or
familial history of tendon xanthomata were independent pre-
dictors of a mutation (ORs range 5.32-15.2, P<0.001) (5).
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Among patients with unlikely diagnosis of familial hy-
percholesterolemia, women prevailed significantly, and there
were also significantly more patients with hypertension and
smokers. Also, patients with unlikely diagnosis had signifi-
cantly higher values of total cholesterol, LDL cholesterol and
HDL cholesterol. Given that a larger number of patients with
unlikely diagnosis of ischemic heart disease were females, it
should be assumed that their disease had other development
mechanisms, and it was not always due to high cholesterol
(16). It should be noted that the prognosis in familial hyper-
cholesterolemia may differ in men and women. Slack et al.
in their study demonstrated that the risk of the first event dif-
fered in men and in women with family hypercholesterole-
mia. Results of this study demonstrated that the chances of
fatal or nonfatal CHD for men and women were 5.4 and 0%
by the age of 30, 51.4 and 12.2% by the age of 50, and 85.4
and 57% by the age of 60, respectively (17). Patients with
likely diagnosis were significantly younger.

Summarizing the data, the rate of probable familial hy-
percholesterolemia among patients with early ischemic coro-
nary disease was higher than 30%. These results demon-
strated the needs of genetic confirmation and family mem-
bers screening when suspected case of familial hypercholes-
terolemia is detected. Knowledge and perception of the diag-
nosis encourage patients to healthier life style.

CONCLUSION

Thus, this work demonstrated that despite frequent occur-
rence of familial hypercholesterolemia, doctors’ alertness to-
wards this disease has been noted to be quite low in Ukraine.
It can be recommended to check all patients with early onset
of ischemic heart disease in accordance to criteria of familial
hypercholesterolemia. Development of the national register
of patients with familial hypercholesterolemia is a crucial
step in order to improve the situation with medical help to
this group. Such register will allow to plan genetic testing in
families where are members with familial hypercholesterol-
emia and treatment with statins and proprotein convertase
subtilisin/kexin type 9 inhibitors.
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ABSTRACT

Vancomycin is a tricyclic glycopeptide antibiotic, mostly used
in the treatment of severe staphylococcal and enterococcal infec-
tions, especially in orthopedic surgery.

The purpose of this analysis was to develop a population
pharmacokinetic (PPK) model of vancomycine in hospitalized pa-
tients with bone fractures and identify important factors which in-
fluence its clearance (CL).

A total of ninety-nine measurements of vancomycin serum
concentrations were used in our population modeling. A two-
compartment model was applied to describe the pharmacokinet-
ics of vancomycin using subroutines ADVAN3 and TRANS4.

The study population included patients of both sexes, with the
mean age of 62.12+14.69 years and body weight of
80.32+12.44kg. Vancomycin was administered as intravenous in-
fusion with average daily dose of 1772.73£521.34mg. Out of
twenty different factors evaluated in the study (including demo-
graphic, clinical and laboratory data), only daily dose of vanco-
mycin (DD) and co-medication with piperacillin/tazobactam (PT)
showed significant effect on clearance of vancomycin. The final
model was described by the following equation: CL (I/h) = 0.03
+ 0.000468 x DD + 0.675 x PT. Bootstrapping was used for val-
idation of the final model.

In conclusion, the main causes of variability in the clearance
of vancomycin among adult patients with bone fractures are daily
dose of vancomycin and co-medication with piperacillin/tazobac-
tam.

Keywords: vancomycin, population pharmacokinetics, trauma,
non-linear mixed effects model (NONMEM).
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SAZETAK

Vankomicin je triciklicni glikopeptidni antibiotik, koji se kori-
sti u terapiji tedkih infekcija izazvanih stafilokokom i enteroko-
kom, posebno u ortopedskoj hirurgiji.

Svrha ovog istraZivanja bila je da se razvije populacioni far-
makokinetski (PPF) model vankomicina kod hospitalizovanih pa-
cijenata sa prelomima dugih kostiju i da se utvrde faktori koji su
bitni za klirens (KL) vankomicina.

Devedest devet uzoraka seruma sa izmerenim koncentraci-
Jjama vankomicina je koriséeno za nas model. Model sa dva pro-
stora je koris¢en da opise farmakokinetiku vankomicina sa pot-
programima ADVAN3 i TRANS4.

Populacija je ukljucivala oba pola, sa prosecnom staroscu
62,12+14,69 godina i telesnom tezinom 80,32+12,44 kg. Van-
komicin je primenjivan u obliku intravenske infuzije sa prosecnom
dnevnom dozom 1772,73+521,34 mg. Analizirano je dvadeset
faktora, a utvrdeno je da samo dnevna doza vankomicina i pri-
mena piperacilin tazobaktama znacajno uticu na klirens vankomi-
cina. Zavrsni model je opisan jednacinom: KL (I/h) = 0.03 +
0.000468 x DD + 0.675 x PT. Butstrap analiza je koris¢ena za
validaciju krajnjeg modela.

U zakijucku, glavni uzroci varijabilnosti klirensa vankomicina
medu odraslim pacijentima sa prelomima dugih kostiju jesu
dnevna doza vankomicina i komedikacija piperacilin tazobakta-
mom.

Kljuéne reci: vankomicin, populaciona farmakokinetika, trauma,
NONMEM.

ABBREVIATIONS

acute kidney injury (AKI)
alanine aminotransferase (ALT)

angiotensin-converting enzyme (ACE) inhibitors

aspartate aminotransferase (AST)
clearance (CL)

coefficient of variation (CV)

colistin (COL)

C-reactive protein (CRP)

fibrinogen (FB)

first-order conditional estimation (FOCE)
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furosemide (FUR)

heparin (HEP)

minimum objective function (MOF)

non-linear mixed effects model (NONMEM)
nonsteroidal anti-inflammatory drugs (NSAIDs)
piperacillin/tazobactam (PT)

population pharmacokinetics (PPK)

population predicted (PRED)

pro-brain natriuretic peptide (proBNP)
therapeutic drug monitoring (TDM)
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INTRODUCTION

Vancomycin is a tricyclic glycopeptide antibiotic, first
isolated in 1956, mostly used for the treatment of severe
staphylococcal and enterococcal infections. The mechanism
of action of vancomycin is by inhibiting peptidoglycan fusion
within the cell wall by binding alanine (1). Increased inci-
dence of meticillin resistant staphylococcal strains led to
more extensive use of vancomycin in various patient popula-
tions (2).

Regardless of its hydrophilicity, vancomycin is exten-
sively distributed, as its volume of distribution ranges be-
tween 0.4 and 1 I/kg of the total body weight. About 55% of
drug in plasma is bound to human serum proteins, mostly to
albumin and IgA. Following intravenous administration, van-
comycin is minimally metabolized and renal elimination ac-
counts for 80-90% of vancomycin clearance (3-5). Vanco-
mycin pharmacokinetics has been described by one-, two-, or
three-compartment models (2-4).The elimination half-life
ranges from 3 to 9 hours in patients with normal renal func-
tion. Data suggest that maintaining vancomycin trough val-
ues above 15 mg/l increases the risk of nephrotoxicity, but
low concentrations may result in less effective therapy and
an increased bacterial resistance. On the other hand, it was
reported that dosing regimens with 4g of vancomycin per day
had been related with a high rate of nephrotoxicity or ototox-
icity (6, 7). All of these facts created a need to more carefully
inspect the factors that influence variability of vancomycin
pharmacokinetics (2).

Different patients’ conditions such as renal function, type
of dialysis or presence of various diseases could influence
vancomycin pharmacokinetics (8). Only a few population
pharmacokinetic studies of vancomycin were performed in
specific subgroups of patients, like neonates, pediatric pa-
tients, obese patients and neurosurgical patients among oth-
ers, and no reports on vancomycin pharmacokinetics in pa-
tients with bone fractures were previously published (3, 9-
11).

THE AIM OF THE PAPER

The aim of our study was to calculate average values of
serum vancomyecin concentrations and determine factors that
may affect them in adult patients hospitalized due to long
bones’ fracture.

METHODS
Patient data

Target population consisted of 99 inpatients with long
bones’ fractures, hospitalized in Clinical Center (Kragujevac,
Serbia), where vancomycin was administered as an intrave-
nous infusion. Serum samples were prospectively collected
using routine therapeutic drug monitoring (TDM) from Jan-
uary to September 2017. The study protocol was approved by
the Ethics Committee of the Clinical Center Kragujevac (No
01-1267, approved on February 1% 2016) and informed
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written consent was obtained from all the participants en-
rolled. Also, the research was conducted in accordance with
the principles of the Helsinki Declaration.

The data were collected from medical documentation and
included records related to patient demographic characteris-
tics (body weight, age and sex), value of laboratory tests (cre-
atinine clearance, serum albumin, total bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), C-
reactive protein (CRP), fibrinogen (FB), pro-brain natriuretic
peptide (proBNP)) and clinical data (length of hospitaliza-
tion, presence of sepsis and concomitant medications). All
variables are summarized in Table 1. The inclusion criteria
were: adult patients (>18 years old) hospitalized due to frac-
ture(s) of long bones and an intravenous administration of
vancomycin for at least 3 days without changes in the daily
dose. Patients on dialysis, with history of cirrhosis and vari-
ous types of cancer were excluded. Serum concentrations of
vancomycin were measured by immunoassay using Cobas®e
601 analyzer (Roche Diagnostics, Mannheim, Germany), ac-
cording to the manufacturer’s instructions. To ensure that the
drug concentrations were at steady-state, all samples were
obtained after 72h hours of repeated doses of vancomycin.
The trough serum concentrations were the most often rec-
orded (from seventy-eight patients), while only 21 blood
samples were taken 1-3h after administration of the drug.

Population pharmacokinetics analysis

Pooled data were available from all patients and analyzed
using the NONMEM software version 7.3.0 (Icon Develop-
ment Solution, MD,) with FOCE (first-order conditional es-
timation) approach with interaction between parameters in-
cluded in our population pharmacokinetics (PPK) modeling
(12, 13). We evaluated two structural models (one-compart-
ment and two-compartment) in accordance with the literature
data related to vancomycin pharmacokinetics. The base
model was selected according to the size of the minimum ob-
jective function (defined as -2 timed the log-likelihood -
MOF) and by the insight into diagnostic plots. Subroutines
ADVAN3 and TRANS4 were utilized in a two-compartment
model to describe pharmacokinetics of vancomycin and its
clearance as the main parameter. Normal distribution of the
individual pharmacokinetic parameters was assumed by our
model. At this phase of the study, we also investigated vari-
ous models of error to account for both inter-individual and
residual variability. The inter-individual variability was
tested using additive and exponential error models, while re-
sidual variability was tested using an additive, exponential,
constant coefficient of variation (CCV) and combined (addi-
tive and CCV) error models.

The following demographic, clinical and laboratory test
data were collected for evaluation as potential covariates: to-
tal body weight (TBW), age and sex of patients, length of
hospitalization, presence of sepsis, total daily dose of vanco-
mycin, creatinine clearance, serum albumin, total bilirubin,
AST, ALT, CRP, fibrinogen, proBNP and co-medication
with colistin  (COL), furosemide (FUR), piperacillin/



tazobactam (PT), nonsteroidal anti-inflammatory drugs
(NSAIDs), heparin (HEP) and angiotensin-converting en-
zyme (ACE) inhibitors. All continuous variables examined in
the study were not parameterized. The covariate model was
built in stepwise manner where each covariate was added one
at a time using linear or nonlinear manner. To compare indi-
vidual covariate models, we used change in the MOF values
and the visual inspection of plots in order to estimate better
fitting of data relative to the base model. The reduction in the
MOF produced by inclusion of a covariate for at least 3.84
(p<0.05, d.f.=1) and also the improvements of the fitting data
were the main criteria for inclusion of covariate in the full
model. The full model was created by insertion of all signif-
icant covariates at the same time. This model was further
tested by the backward deletion process for each covariate,
one at a time, to obtain the final model. An increase in the
MOF of at least 6.64 (p<0.01, d.f.=1) was used as the main
criteria for retaining significant covariate in the final model.
During all levels in the building of the final PPK model for
vancomycin clearance, we evaluated presence of the reduc-
tion in both mentioned variability and also the improvements
in diagnostic plot of the observed concentrations versus pop-
ulation predicted concentrations of vancomycin.

In order to validate the derived PPK model and estimate
its predictive performance, we applied the bootstrapping
analysis. This non-parametric method is a resembling tech-
nique that includes large number of data replicates (several
hundred or thousand) with replacement from the index set
using the individual patients as the sampling unit. Each of the
bootstrap data sets was fitted to the final model to obtain the
bootstrap estimated values of pharmacokinetic parameters
and their variability was tested using NONMEM software.
The mean values of estimated PK parameters and 2.5th—
97.5th percentile of the bootstrap data set parameters were
compared to the final pharmacokinetic parameter estimates.

RESULTS

A total of ninety-nine vancomycin serum concentrations
from adult inpatients with long bone fractures were included
in our population modeling. A two-compartment model was
applied to describe the pharmacokinetics of vancomycin. Our
results have shown that an exponential model was the best
model that described the inter-individual variability, while
the residual error was incorporated as an additive error
model. The study population included patients of both sexes
with a wide age range from 20 to 86 years. The mean value
of body weight was 80.32+12.44 kg, and it ranged from 60
to 110 kg. The drug was usually administered twice a day as
intravenous infusion with an average daily dose of 1770 mg
(500-3000 mg). Furthermore, our population was very

heterogeneous in terms of renal function and included pa-
tients with both normal (n=44) and impaired renal function
(n=55). The clearance of creatinine varied from 30 to 252
ml/min, with a mean value of 93.22+51.05 ml/min. Patient
characteristics are summarized in Table 1. Estimates of van-
comycin pharmacokinetic parameters in the target population
were 0.922 I/hand 11.1 | for the population value of clearance
and the volume of distribution, respectively. The MOF value
in this stage was 1103.714 units and both inter-individual and
residual variability for clearance of vancomycin were
57.43% and 48.47% expressed as coefficient of variation
(CV), respectively.

As a result of the univariate model analyses, a total of
seven covariates (daily dose, creatinine clearance, AST, CRP
and co-medication with furosemid, piperacillin/tazobactam
and NSAIDs) produced significant decreases in MOF values
and were detected as influential covariates in the full model.
These data are shown in Table 2. Using backward deletion
process, only two covariates (daily dose of vancomycin and
co-medication with piperacillin/tazobactam) were retained in
the final PPK model. Derived population pharmacokinetics
model which describes the clearance of vancomycin in the
target population is:

CL (I/h) = 0.03 + 0.000468 x DD + 0.675 x PT

where 0.03 is a typical population value of clearance, while
0.000468 and 0.675 are magnitudes of effect of vancomycin
daily dose and co-medication with piperacillin/tazobactam,
respectively.

The goodness-of-fit plots indicate a good fit of the data
from the final regression model. Population predicted
(PRED) values of vancomycin concentrations versus its ob-
served concentrations (DV) in the base model and the final
model are shown in Figure 1. Compared to the base model,
there is a reduction in coefficients of variation by 19.56% and
16.55% for inter-individual and residual variability, respec-
tively.

Two hundred bootstrap runs were included in the boot-
strap analysis. Table 3 shows the summary of parameter es-
timates and their 95% confidence intervals for the final PPK
model obtained by the bootstrap analysis. Furthermore, the
mean values of parameter estimates using bootstrap were
comparable with the wvalues obtained from original
NONMEM analysis, indicating that the estimates of the pop-
ulation PK parameters in the final model were accurate and
the model was stable.
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Tablel. Demographic characteristics of the patients, laboratory and clinical data.

Characteristics Index set I Range for
(mean values + standard deviation) index set

Number of patients 99
Number of observations 99
Gender (male/female) 60/39
Total body weight (kg) 80.32+12.44 60-110
Age (years) 62.12+14.69 20-86
Vancomycin dose (mg/day) 1772.73+521.34 500-3000
Length of hospitalization (day) 16.06+14.76 1-90
Creatinine clearance (ml/min) 93.23+51.05 30-252
Serum albumin (g/1) 26.71+3.45 13-40
Total bilirubin (pg/l) 12.98+49.12 4.4-493.5
AST concentration (1U/1) 37.76+46.59 9-448
ALT concentration (1U/l) 30.86+52.76 4-436
C-reactive protein (mg/l) 96.57+79.83 1.04-303
Fibrinogen (g/l) 3.49+1.27 1.81-8.17
proBNP (pg/ml) 688.29+2371.07 200-22311
Presence of sepsis (yes/no) 8/91
Vancomycin + comedication with:

Colistin 10

Furosemide 23

Piperacillin/tazobactam 7

NSAIDs 23

Heparin 62

ACE inhibitors 15

Table2. Values of minimum objective function for univariate regression models of
examined covariates in the process of building a full pharmacokinetic
model for vancomycin clearance.

Clearance models Minimum objective function ovalue ™
(MOF)

BASE MODEL
CL=0:x EXP(ETA(1))
REGRESSION MODELS
CL=01x EXP(ETA(1)) + 0sXx TBW >0.05
CL=0; x EXP(ETA(1)) + 04 x AGE 446.478 >0.05
CL=61x EXP(ETA(L)) + 05X SEX 0.005 >0.05
CL=0:x EXP(ETA(1)) + 0 X DD 84.698 <0.05
CL=6; x EXP(ETA(L)) + 67x CLcr 34.03 <0.05
CL=0:x EXP(ETA(L)) + 0gx LP 0.102 >0.05
CL=6:x EXP(ETA(L)) +09x ALB 0.415 >0.05
CL=0:x EXP(ETA(L)) +010x BIL 0.308 >0.05
CL=6; X EXP(ETA(1)) +011x AST 25.186 <0.05
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Clearance models Minimum objective function ovalue ™
(MOF)
CL=01x EXP(ETA(L)) +012x ALT 0.923 >0.05
CL=01 x EXP(ETA(L)) + 013 X CRP 5.054 <0.05
CL=01x EXP(ETA(L)) + 014X FIB 0.740 >0.05
CL=0; X EXP(ETA(1))+015X proBNP 0.602 >0.05
CL=01 x EXP(ETA(L)) + 015 X SEP 0.533 >0.05
CL=01 x EXP(ETA(L)) +017x COL 3.245 >0.05
CL=0:x EXP(ETA(L)) +01sX FUR 3.95 <0.05
CL=0:x EXP(ETA(L)) + 016X TAZ 23.277 <0.05
CL=0:x EXP(ETA(1)) +610x NSAIDs 15.628 <0.05
CL=01x EXP(ETA(L)) +020x HEP 0.068 >0.05
CL=0:x EXP(ETA(L)) +021x ACE 0.612 >0.05

CL, clearance (I/h); 01,typical value of CL; ETA(1), interindividual variability in CL; 993 to 021, slopes of the covariate effects;
TBW, patient’s body weight (kg); SEX, takes the value 1 for male and 0 for female; ¢ DD, daily dose of vancomycin (mg/day);
CLcr, creatinine clearance (ml/min.); LP, length of hosptalization (day); ALB, serum albumin cholesterol (g/l); BIL, total bilirubin
(ng/ll); AST, aspartate aminotransferase (1U/I); ALT, alanine aminotransferase (1U/l); CRP, C-reactive protein (mg/l); FIB, fi-
brinogen (g/1); proBNP, pro-brain natriuretic peptide(pg/ml); COL, FUR, TAZ, NSAIDs, HEP and ACE, co-medication with col-
istin, furosemid, tazocin, nonsteroidal anti-inflammatory drugs, heparin and angiotensin-converting-enzyme inhibitortakes the

value 1 if the patient received co-medication and 0 otherwise

**p-value for the MOF difference between the base and tested models

Table 3. The final model parameter estimates

Parameter NONMEM Bootstrap analysis
Estimate | 95% CI’ Estimate | 95% CI"”
Clearance of vancomycin
- CL (I/h) 0.03 0.023-0.035 0.029 0.025-0.032
Central volume of distribution -
13.2 9.84-16.56 13.22 9.09-17.35
Intercompartment clearance Q(1/h) 0.0001 0.00008-0.0001 0.0001 0.00009-0.00011
Daily dose (mg/day) 0.000468 | 0.000365-0.000571 0.000464 | 0.000322-0.000507
Tazacin 0.675 0.5076-0.8424 0.676 0.592-0.861
Interindividual variance of clearance
- 2L 0.134 0.0817-0.1863 0.133 0.0801-0.1860
Residual variance - 62 0.097 0.0527-0.1413 0.096 0.0510-0.1410

* (Estimate)+1.96*(standard error of the estimate)

**2.5M and 97.5" percentile of the ranked bootstrap parameter estimates
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Figure 1. Predicted vancomycin concentrations versus measured concentrations in the base model (a)
and the final model (b), respectively.
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DISCUSSION

Current study used a population approach to establish
the pharmacokinetic parameters of vancomycin in Serbian
patients with long bones’ fractures, accounting for its
large pharmacokinetic variability. Using two-compart-
ment model, typical values of clearance and volume of
distribution were calculated, and daily dose of vancomy-
cin and co-medication with piperacillin/tazobactam con-
firmed as factors with significant influence on clearance
of vancomycin.

Higher doses of vancomycin were associated with
larger clearance of vancomycin and lower trough serum
concentration of vancomycin in our study. Such result is
not the first one reported, as Bakke et al. presented similar
results, with 70-80 percent of the patients not achieving
minimum threshold value of > 15 mg/1 (14). Campassi et
al. demonstrated that patients with augmented renal clear-
ance had lower serum concentrations of vancomycin dur-
ing the first days of therapy despite higher doses, and none
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of the patients reached therapeutic levels on the first day
of the therapy (15). Some authors have proposed that in-
creased loading doses and higher dose frequencies or con-
tinuous infusions are necessary in order to achieve higher
success rates (16). On the other hand, vancomycin serum
concentrations during the first days of therapy also depend
on creatinine clearance and low creatinine clearance lev-
els can result in supratherapeutic vancomycin concentra-
tions (17). Hutshala et al. also suggested that more severe
impact on renal function might be due to potentially high
vancomycin peak concentrations during intermittent infu-
sion. In contrast, constant lower concentrations of vanco-
mycin seem to cause much less renal damage (18). One of
the possible explanations of relation between higher doses
of vancomycin and its larger clearance could be reduced
reabsorption of vancomycin from ultra-filtrate due to tub-
ular toxicity of this drug. Indeed, necrosis of tubular cells
was confirmed in histological studies of kidney biopsies
taken from the patients who experienced vancomycin-in-
duced renal toxicity, and vancomycin is both secreted and
reabsorbed by renal tubular cells (19, 20).



The only medication which significantly affected van-
comycin CL in our patients was piperacillin/tazobactam
(PT). Piperacillin/tazobactam, similar to the most beta-
lactams, was rarely associated with acute kidney injury
and incidence of piperacillin/tazobactam’s nephrotoxicity
reported in the literature was less than 1% (21). However,
recent meta-analysis that included 14 studies reported that
co-administration of vancomycin and piperacillin/tazo-
bactam compared to vancomycin and “any B-lactam” re-
sulted in the adjusted odds ratio for acute kidney injury in
adults of 3.15 (95% confidence interval [CI], =1.72-5.76)
(22). The mechanism by which piperacillin/tazobactam
had influence on vancomycin clearance in not well
known. It has been thought that vancomycin may cause
direct proximal tubular toxicity. The concomitant use of
vancomycin and PT has been hypothesized to potentiate
acute kidney injury (AKI) via acute interstitial nephritis or
decreased secretion of creatinine and vancomycin, but fur-
ther investigation was considered necessary to confirm
those facts (23). By increasing toxic effect of vancomycin
on renal tubules, piperacillin may further decrease its re-
absorption, leading to increase in vancomycin clearance
(24).

Relation between creatinine and vancomycin clear-
ance has been described in various studies (3, 8, 23, 24).
We did not observe such relation in our patients. Further-
more, there are studies that supported our observation (27,
28). The existence of a nonrenal mechanism for vancomy-
cin elimination may explain the relatively high values of
vancomycin clearances observed in patients with compro-
mised renal function. Hepatic conjugation of vancomycin
would seem the most possible nonrenal route of excretion.
The vancomycin particle has molecular weight of 1,450
and has essential chemical groups for conjugation with
other compounds (27). Some authors reported measurable
vancomycin concentrations in the bile after intravenous
administration of vancomycin, which is also supporting
the idea of extrarenal way of vancomycin elimination
(28).

In some earlier pharmacokinetic studies, it was sug-
gested that patients with malignancy had increased clear-
ance of vancomycin (29). Conversely, other authors re-
ported that patients with acute myeloid leukemia had
lower clearance of vancomycin (1). It was also noticed
that body weight may affect clearance of vancomycin, as
increase in weight was related to higher values of both
clearance and volume of distribution (3, 30). Finally,
some authors showed that furosemide may influence van-
comycin clearance, while the others concluded that con-
comitant drugs had no influence on clearance (9.25).

CONCLUSION

In conclusion, clearance of vancomycin positively
correlated with administered daily dose of that drug and
significantly increased by co-medication with piperacil-
lin/tazobactam. This should be taken into account when

dosing vancomycin in critically ill patients with fractures
of long bones who frequently require high doses of the
drug and combination of antibiotic therapy.
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ABSTRACT

In order to evaluate the effects of Satureja hortensis L. extract
on cisplatin-induced behavioral alterations in the tail suspension
test (TST), we included 35 male Wistar albino rats in this study,
divided into 7 equal groups. Cisplatin was administered (single
dose of 7.5 mg/kg, i.p., on the fifth day) alone, and in groups with
orally administered (for 10 days) Satureja hortensis L. extract
(50, 100, and 200 mg/kg), and silymarin (100 mg/kg) in individual
groups. The behavioral testing was performed in TST, and the fol-
lowing parameters were obtained: the latency to the first immo-
bility, the number of immobility episodes, and the total duration
of immobility. Cisplatin application increased the latency to the
first immobility, but decreased the number of immobility episodes
and the total duration of immobility. Oral administration of
Satureja hortensis L. extract in a dose of 100 mg/kg attenuated
cisplatin-induced alterations, and those effects were similar to si-
lymarin group. The extract in a dose of 200 mg/kg diminished cis-
platin-induced effect only for the total duration of immobility,
while in a dose of 50 mg/kg, the extract had no impact on cisplatin
effects. Although common use of this methodology would lead to
a conclusion that cisplatin produced antidepressant effect, com-
parison with certain literature data allows the conclusion that this
action of cisplatin may be attributed to its anxiogenic action that
was attenuated by antioxidant supplementation (Satureja horten-
sis L.) in an adequate dose (100 mg/kg).

Keywords: cisplatin, Satureja hortensis L., anxiety, depres-
sion, tail suspension test, rats.
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SAZETAK

U cilju ispitivanja efekata ekstrakta Satureje hortensis L. na
promene ponasanja izazvane cisplatinom u testu kacenja za rep
(TKR), u studiju je ukljuceno 35 muskih Wistar albino pacova,
podeljenih u 7 jednakih grupa. Cisplatina je primenjivana (poje-
dinacna doza od 7.5 mg/kg, i.p., petog dana) samostalno, i u gru-
pama sa oralnom primenom (tokom 10 dana) ekstrakta Satureje
hortensis L. (50, 100 i 200 mg/kg), i silimarina (100 mg/kg) u po-
Jjedinacnim grupama. Bihejvioralno testiranje je sprovedeno u
TKR, uz odredivanje sledecih parametara: vreme do prve imobil-
nosti, broj epizoda imobilnosti i ukupno trajanje imobilnosti. Pri-
mena cisplatine je povecavala vreme do prve imobilnosti, dok je
skracivala broj epizoda imobilnosti i ukupno trajanje imobilnosti.
Oralna primena ekstrakta Satureje hortensis L. u dozi od
100 mg/kg je smanjivala promene izazvane cisplatinom, 5to je bilo
slicno efektima u grupi sa silimarinom. Ekstrakt je u dozi od
200 mg/kg umanjio efekat cisplatine samo za ukupno trajanje i-
mobilnosti, dok u dozi od 50 mg/kg ekstrakt nije imao uticaja na
efekte cisplatine. lako bi uobicajena primena ove metodologije
dovela do zakljucka da cisplatina izaziva antidepresantni efekat,
poredenje sa odgovarajucim podacima iz literature omogucava
zakljucak da se uticaj cipslatine moze pripisati njenoj anksiogenoj
ulozi, 3to je bilo umanjeno antioksidantnom suplementacijom (Sa-
tureja hortensis L.) u odgovarajucoj dozi (100 mg/kg).

Kljuéne reéi: cisplatina, Satureja hortensis L., anksioznost,
depresivnost, test kacenja za rep, pacovi
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INTRODUCTION

Cisplatin is one of the most widely used anticancer drugs
worldwide. Alone or along with other cytostatic agents, cis-
platin has been considered a first-line therapy in the treatment
of various malignancies for decades, especiallysolid tumors
such as ovarian, testicular, head, neck and small cell lung
cancers (1).

Despite its well confirmed efficacy in the treatment of a
numerous types of cancers, clinical use of cisplatin is often
limited because of the dose- and duration-dependent cell re-
sistance. Although, up to date, more than 40 specific types of
cisplatin adverse effects have been recognized, according to
their incidence and severity, cisplatin side effects have been
categorized into seven main groups: nephrotoxicity, ototoxi-
city, cardiotoxicity, hematological toxicity, hepatotoxicity,
gastrointestinal toxicity and neurotoxicity (2). Regardless of
the reports that pointed out poor penetration through the
blood-brain barrier for the majority of platinum-based com-
pounds (3), it was observed that platinum agents accumulate
in the central nervous system (CNS) (4), reaching the highest
concentration in specific brain regions such as hippocampus
in mice (5). Those findings may be the explanation for the
variety of clinical manifestations following cisplatin treat-
ment. Therefore, the following CNS disorders in cisplatin
treated patients have been reported: acute blindness and sei-
zures, encephalopathy and stroke-like episodes (6). Also,
cisplatin therapy was accompanied with cognitive impair-
ment and emotional dysfunction (7). The cognitive impair-
ment, with the decreased locomotor and exploratory activity,
was also observed in cisplatin treated animals (8, 9).

Although all kinds of cisplatin-induced toxicities are con-
nected to specific clinical features, the spectrum of underly-
ing pathophysiological mechanisms can be specified in a few
principle categories. The most frequently described pro-
cesses that could be connected to cisplatin-induced toxicities
are: the apoptosis (10), DNA damage (11) and inflammation
(12). Also, some investigations confirmed that oxidative
stress is the key mechanism that disturbs homeostasis follow-
ing cisplatin treatment and may be the base of its toxicities
(13). The prooxidative action of cisplatin comes as a result of
combined effects of increased production of reactive oxygen
species, such as hydroxyl radical (14), hydrogen peroxide
(15), superoxide anion radical (16), and nitrites (17, 18), and
simultaneous decline in cellular antioxidant capacity, mani-
fested as a decrease in antioxidant enzymes (superoxide dis-
mutase and catalase) activity (19, 20), as well as glutathione
(21).

The confirmed strong connection between the chemother-
apeutics-induced oxidative damage and the clinical manifes-
tations of toxicities in the specific tissues has targeted an an-
tioxidant supplementation as a potentially useful therapeutic
approach in the treatment of numerous anticancer drugs ad-
verse effects. In the last decade, the medicinal plants have
been widely confirmed as an important source of dietary an-
tioxidants that showed protective effect when applied along
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with anticancer drugs, by means of diminished oxidative
damage, which resulted in attenuation of cytostatic-induced
toxicities (22, 23, 24). Recent study confirmed that Satureja
hortensis L., the plant with the high content of antioxidants,
such as phenolic compounds, and especially high concentra-
tion of rosmarinic acid, showed beneficial antioxidant prop-
erties in the treatment of cisplatin-induced nephro- and hepa-
totoxicity (25).

The aim of this study was to evaluate the behavioral man-
ifestations of cisplatin administration in the TSTin rats.
Furthermore, we estimated the potential alterations in behav-
ioral outcome following antioxidant supplementation with
Satureja hortensis L. extract in different doses.

MATERIAL AND METHOD

Animals and treatment

Animals were housed in seven cages (5 per cage), under
standard environmental conditions (temperature 23+1°C, hu-
midity 55+5%, 12/12h light/dark cycle). The animals had ac-
cess to food and water ad libitum. The rats were randomly
divided into 7 experimental groups as follows:

- control group, that received tap water for 10 days and a
single dose of 500 pL saline on the day 5;

- cisplatin group that received tap water for 10 days and a
single dose of cisplatin (7.5 mg/kg b. w.) on the day 5;

- CIS+E50 group that received S. hortensis L. extract
(50 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+E100 group that received S. hortensis L. extract
(100 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+E200 group that received S. hortensis L. extract
(200 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+SILYMARIN group that received silymarin
(100 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- E200 group that received S. hortensis L. extract
(200 mg/kg b. w.) orally for 10 days.

Cisplatin and saline were administered intraperitoneally,
while the extracts were dissolved in tap water. Phytochemical
characterization of methanolic extract of S. hortensis L. was
previously described in the study by Boroja et al (25).

After completing the described protocols, the animals
were placed in the testing room, at approximately 8 a.m., in
order to accommodate for behavioral testing that usually



started at 10 a.m. The testing room was acoustically and vis-
ually isolated.

Tail suspension test (TST)

In order to evaluate the behavioral alterations, we per-
formed TST. This test, usually obtained for the estimation of
depressive state level, is based on the assumption that the ro-
dents under specific circumstances are expected to put an ef-
fort in order to avoid evidently aversive (stressful) stimulus
(26). The original apparatus for TST is constructed of metal
frame (0.6 x 0.6 m) and circular barrier (25 cm in diameter)
with the central hole (the opening of 15 mm in diameter)
where the tails were slipped through.

Rats were suspended by the tail attached to the adhesive
tape (with the barrier 1 cm below the position of the adhesive
tape on the tail, in order to prevent tail climbing), so that they
could freely dangle facing downward.

RESULTS

The applied protocols significantly altered the latency to
the first immobility (F=11.539, df=6). As shown in Figure 1,
the administration of cisplatin in a single dose significantly
increased the latency to the first immobility compared to the
control group (p<0.01). S. hortensis L. extract, when applied
alone, had no effect on this parameter when compared to the
control. However, when applied along with cisplatin, S. hor-
tensis L. extract in a dose of 100 mg/kg significantly reduced
cisplatin-induced augmentation of the latency to the first im-
mobility when compared to the cisplatin group (p<0.01), and
the values remained similar compared to the control. On the
other hand, both lower (50 mg/kg) and higher (200 mg/kg)

The key point of TST was the quantification of immobility.
The immobility was considered as a state with no visible vol-
untary movement (<1 cm) of head, body or limbs for at least
5 seconds. Expected involuntary swinging was declared as
the state of immobility. The test lasted for six minutes, with-
out any experimenter intervention during the testing. The
complete testing was recorded by a video camera. The fol-
lowing parameters were analyzed from the recordings: the la-
tency to the first immobility, the number of immobility epi-
sodes and the total duration of immobility.

Statistical Analysis

The data were presented as means + S.E.M. After com-
pleting the tests for homogeneity (Levene’s) and normality
(Shapiro-Wilk), comparisons between the groups were per-
formed using One-way ANOVA, followed by Bonfer-
roni post hoc analysis. ~ Significance was determined
at p<0.05. Statistical analysis was performed with SPSS ver-
sion 20.0 statistical package (IBM SPSS Statistics 20).

dose of S. hortensis L. extract failed to significantly attenuate
the cisplatin-induced increase in the latency to the first im-
mobility, and this parameter was still significantly higher
compared to the control in CIS+E50 group (p<0.01). Even
more, the values of this parameter achieved with the lower
dose were statistically below the values observed in the
CIS+E100 group (p<0.05). The impact of simultaneous ad-
ministration of cisplatin and silymarin was very much alike
the observed effect in the CIS+E100 group - significant de-
cline of cisplatin-induced increase in the latency to the first
immobility, while preserving the values almost equal with
the control group.

Figure 1. The latency to the first immobility in the tail suspension test.
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243



Like for the latency to the first immobility, the number of
immobility episodes in TST was also significantly affected
by the applied protocols (F=10.137). Cisplatin application re-
sulted in a significant decrease in the number of immobility
episodes compared to the control values (p<0.01). As shown
in Figure 2, the decline in this parameter was compensated
(p<0.01) with neither the middle dose of S. hortensis L. ex-
tract (100 mg/kg), nor with the higher (200 mg/kg) or the
lower (50 mg/kg) dose of S. hortensis L. extract. It should be
noticed that the increase in the number of immobility

episodes observed following simultaneous administration of
cisplatin and S. hortensis L. extract in a dose of 100 mg/kg
was even statistically significant when compared to the
CIS+E50 group (p<0.05). Again, the effect obtained with the
middle dose of S. hortensis L. extract was very similar to the
one achieved with the same concentration of silymarin when
applied along with cisplatin. Also, the number of immobility
episodes was not significantly affected by S. hortensis L. ex-
tract in a dose of 200 mg/kg, when applied alone, compared
to the control group.

The number of episodes of immobility in the tail suspension test.
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Finally, as shown in Figure 3, all the applied protocols
also had significant impact on the total duration of immobil-
ity (F=16.271). Administration of cisplatin in a single dose
(7.5 mg/kg) resulted in a significant decline in the immobility
duration compared to the control (p<0.01). Although the in-
dividual administration of S. hortensis L. extract did not re-
sult in a significant change in the total duration of immobil-
ity, the administration of S. hortensis L. extract in the doses
of 100 and 200 mg/kg significantly augmented the cisplatin-
induced decrease in the total immobility (p<0.01). Only the
values achieved in the CIS+E200 group remained

significantly below the control values (p<0.01). The lowest
dose of extract (50 mg/kg) failed to reduce the cisplatin-in-
duced reduction in the total duration of immobility. The im-
pact of simultaneous administration of cisplatin and si-
lymarin on the duration of immobility in TST resembled the
effects observed with the middle and the highest dose of S.
hortensis L. extract. However, the total duration of immobil-
ity achieved in the CIS+SILYMARIN group, unlike the
CIS+E100 group, remained statistically below the control
values (p<0.01).

Figure 3. The total duration of immobility in the tail suspension test.

250

o

200

150

ok

100

50

Total duration of immobility {s)

Values are mean = standard error of the mean (SEM), n=5 per group,
**denotes a significant difference p<0.01.

244



DISCUSSION

Beside its unquestionable anticancer properties, cisplatin-
based chemotherapy is usually limited by numerous side ef-
fects (27), including clinical manifestations of neurotoxicity
(28). Many cisplatin-induced toxicities are accompanied with
an evident mitochondrial dysfunction and oxidative damage
in various tissues (29). Therefore, any of therapeutic ap-
proaches that may prevent the cisplatin-induced increase in
oxidative stress, as a trigger factor for tissue damage, may be
potentially useful as a supplementary treatment along with
cisplatin therapy.

One of the most recently reported manifestations of ad-
verse effect of cisplatin on CNS has clinical form with char-
acteristics of increased depressive state level (30). The prode-
pressant action of cisplatin, by means of behavioral tests re-
sults, in that study (performed on rats) was accompanied with
prooxidant alterations in both cortex and hippocampus. Also,
neuronal degeneration in hippocampus paralleled the decline
in BDNF and GABA content, as well as the increase in hip-
pocampal glutamate (30).

However, the results obtained in our study may lead to a
conclusion that cisplatin administration had the antidepres-
sant effect by means of behavioral patterns observed in TST.
On the other hand, the literature data offer a recently estab-
lished possibility that the estimation of depressive state level
can be substantially mimicked with significant alterations in
anxiety levels. Namely, the specific mood disorders that are
dominantly characterized with strong anxiogenic features
may overcome the prodepressant action resulting in inade-
quately pronounced antidepressant effect (31). The offered
explanation is that increased motor activity observed in the
tests for depressive level estimation (such as TST) may rather
be considered as the behavioral outcome of anxiety-induced
overreacting than antidepressant action. When comparing the
results for prodepressant action of cisplatin (30) and in-
creased locomotor response in TST observed in this study,
we must take into consideration two important information.
Firstly, those two studies were performed with the signifi-
cantly different protocols: the prodepressant effect was re-
ported in the study with the chronic exposure to cisplatin (10
weeks), while the opposite effect on depressive level was ob-
tained in the study with a single dose of cisplatin. Secondly,
the recent study of Kumburovic et al. (32) confirmed the

extremely strong anxiogenic response to a single dose of cis-
platin, as the earliest behavioral manifestation of cisplatin ad-
ministration. Therefore, we can conclude that the results of
those two studies are not the opposite or even contradictory.
It seems that the cisplatin impact in certain brain regions in-
volved in mood regulation that includes numerous biochem-
ical and morphological alterations is very complex. It seems
that the cisplatin action in the CNS, by means of behavioral
changes, starts with predominantly anxiogenic response fol-
lowed by prodepressant action if the cisplatin treatment lasts
long enough. Therefore, the behavioral outcome of cisplatin-
induced neurotoxicity has strong time dependent characteris-
tics. In addition, it is not surprising that beneficial effects of
antioxidant supplementation following cisplatin therapy also
strongly depend on the principle behavioral outcome.
Namely, the benefits obtained with S. hortensis L. extract in
this study were manifested not by prodepressant action, but
as the clear anxiolytic-like response to antioxidant supple-
mentation. Our results are in line with previously reported
beneficial action of various antioxidant sources on cisplatin-
induced neurotoxicity with clinical manifestations that in-
volve increased anxiety levels (8, 9).

CONCLUSION

In summary, the neurotoxic manifestations of cisplatin
treatment as observed in this study, manifested by anxiogenic
response in TST, can be significantly attenuated by S. hor-
tensis L. extract supplementation. So, according to the results
of our study, it seems that antioxidant supplementation may
be useful in diminishing cisplatin-induced neurotoxicity.
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ABSTRACT

More than a thousand laparoscopic fundoplication opera-
tions for hiatal hernia (HH) have been performed at the Clinic of
the Bashkir State Medical University over the period between
2000 and 2019 and the results of surgical treatment of 502 pa-
tients were analyzed. Our research results indicate that routine
instrumental methods used in hiatal hernia diagnosis provide val-
uable information, however only their combined application al-
lows us to establish the correct diagnosis in all patients. Authors
propose a new original X-ray balloon method that allows to im-
prove the quality of diagnosis of hiatal hernia significantly. Bal-
loon X-ray allows us to establish the true dimensions of the hiatus
and select the most appropriate treatment accordingly. Isolated
fundoplication without plastic of esophageal opening was per-
formed in 180 patients. Surgical correction of the hiatus was per-
formed on 322 patients. Diaphragmcrouroraphy was carried out
in 199 cases, in 123 cases mesh implants were used to support the
crus of the diaphragm. In 215 cases, simultaneous surgical pro-
cedures were performed to treat multiple abdominal pathology.
We studied the changes in quality of life of 100 patients with hiatal
hernia before and after laparoscopic esophagofundoplication by
comparing the results of the survey (questionnaires) and medical
examination of the cardiac sphincter of the esophagus function.
The vast majority of patients demonstrated a significant improve-
ment in the cardiac closure function, a decrease in the frequency
and severity of gastroesophageal reflux, and reduced signs of re-
flux esophagitis.
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SAZETAK

Vise od hiljadu laparoskopskih operacija fundoplikacije za hi-
Jjatalnu kilu (HH) izvedeno je na Klinici Baskirskog drzavnog me-
dicinskog univerziteta u periodu izmedu 2000. i 2019. godine i a-
nalizirani su rezultati hirurskog lecenja 502 pacijenta. Rezultati
naseg istrazivanja ukazuju na to da rutinske instrumentalne me-
tode koje se koriste u dijagnostici hijatalne kile daju vredne infor-
macije, medutim samo njihova kombinovana primena omogucuje
nam da postavimo ispravnu dijagnozu kod svih pacijenata. Autori
predlazu novu originalnu metodu rendgenskog balona koja omo-
gucava znacajno poboljsanje kvaliteta dijagnoze hijatalne kile.
Rendgenski snimak balona omogucéava nam da utvrdimo prave
dimenzije pauze i prema tome odaberemo najprikladniji tretman.
Izolovana fundoplikacija bez plastifikacije otvora jednjaka izve-
dena je kod 180 pacijenata. Hirurska korekcija pauze izvedena je
na 322 pacijenta. Krourorafija dijafragme izvedena je u 199 slu-
Cajeva, u 123 slucaja su koristeni mrezasti implantati za podrsku
prignjecenju dijafragme. U 215 slucajeva istovremeno su izvedeni
hirurski zahvati za lecenje multiple abdominalne patologije. Pro-
ucavali smo promene u kvalitetu Zivota 100 pacijenata sa hijatal-
nom kilom pre i posle laparoskopske ezofagofundoplikacije upo-
redujuci rezultate ankete (upitnika) i lekarskog pregleda sréanog
sfinktera funkcije jednjaka. Velika vecina pacijenata pokazala je
znacajno poboljsanje funkcije zatvaranja srca, smanjenje ucesta-
losti i tezine gastroezofagealnog refluksa i smanjene znakove
refluksnog ezofagitisa.

Kljuéne reci: hijatalna kila, hirurska korekcija, fundoplikacija.
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INTRODUCTION

Numerous statistical studies indicate that hiatal hernias,
including recurrent, complicated and acute cases, are preva-
lent worldwide, which makes the problem of treatment of this
condition extremely relevant. Recent advances in medical
technology contributed to the development of new diagnostic
methods, while new medication and innovative surgical in-
struments significantly improved the results of treatment of
patients with hiatal hernia (1,2,3). At the same time, many
researchers agree that, despite the wide range of available
methods for correcting hiatal hernia, a single commonly ac-
cepted strategy in surgical treatment of this pathology has not
yet been developed. This is primarily due to unsatisfactory
results both in the immediate and long-term postoperative pe-
riod [4,6,8]. When discussing modern methods of surgical
correction of hiatal hernia, restoring the functional state of
the esophageal-gastric junction and creating an anti-reflux
barrier become a priority. The introduction of video-endo-
scopic technologies has made it possible to increase the ef-
fectiveness of anti-reflux surgical procedures (5,7,9).

With the increase in the number of laparoscopic surgeries
to treat hiatal hernia performed at hospitals and clinics of the
city of Ufa (Russia), in recent years, doctors have often faced
the problem of rising rates of unsatisfactory results associated
with relapse of hiatal hernia and/or the development of patho-
logical postoperative symptom complexes. According to our
observations, many complications following the operations
to correct hiatal hernia are associated with insufficient or ex-
cessive narrowing of the esophagus [5]. In order to address
this issue, authors propose a new original X-ray balloon
method that allows to improve the quality of diagnosis of hi-
atal hernia significantly and the results are presented in this

paper.
MATERIALS AND METHODS

More than a thousand laparoscopic fundoplication opera-
tions have been performed at the Clinic of the Bashkir State
Medical University over the period between 2000 and 2019
and the results were thoroughly monitored and analyzed.

A total of 520 patients with hiatal hernia were treated in
our Clinic. There were 284 (54,6%) men among them and
236 (45,4%) women. The average age of patients was
49,5+5,62 years.

The following criteria for inclusion in the study were
used: patient must be over 18 years old; diagnosed with hiatal
hernia; anesthetic risk assessment score (ASA) of 1-3. The
criterion for exclusion from the study was the patient's signed
refusal to take part in the research and/or to undergo exami-
nation. All medical procedures and examination methods, in-
cluding the original methods developed by the authors, used
in this study were approved by the BSMU Clinic Ethics Com-
mittee.
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All patients were submitted to endoscopy and targeted bi-
opsy, manometry, intraesophageal pH-monitoring and Bar-
ium contrast X-ray.

The “Balloon X-ray” Method (aka traction X-ray balloon-
ography method) developed by authors (Copyright certificate
for the invention N 1463233) was used to evaluate the valve
function of the cardia and, to establish the true dimensions of
the hiatus esophagus (5). The detailed description of the orig-
inal method can be found below.

The examination is performed on an empty stomach in
the X-ray laboratory. The general X-ray examination of
thorax and belly cavity organs in vertical position is per-
formed. Then the patient is offered to drink approximately
100 ml of barium. As the barium suspension passes through,
the patency of the esophagus, its peristalsis, the precise shape
of the His angle, rugae and the folds of the gastric mucosa are
studied. An X-ray examination of the stomach at this point is
focused on the key properties and functioning of the esopha-
gus, particularly, the shape, size, stomach contents and its
evacuation. Then, when hiatal hernia is suspected, a gastric
probe with a radiopaque olive-shaped head and an inflatable
balloon attached is inserted into the stomach. As soon as the
head of the probe is actually in the stomach, 50 ml of liquid
substance is syringed in, that allows to distinguish the con-
tours of the balloon from the gas bubble in the stomach. The
inflated balloon is then pulled out with gradually increasing
pressure up to 1 kg, controlled by the dynamometer. The
healthy hiatus esophagus with the size ranging within 2-3 cm
resists the pressure applied and stops the inflated balloon
from being pulled out however, the hiatus esophagus with
hernia easily allows approximately 50 ml of the balloon to
pass through into the thorax followed by the stomach bottom
(Fig. 1). After the X-ray examination is completed, the bal-
loon is deflated and safely removed. Then the standard pro-
cedure of further examination is resumed.

Fig. 1. The image of the Y-patient’s hiatus esophagus
obtained using the Balloon X-Ray Method




hiatus esophagus

In all cases, the intraoperative size of the hiatus was meas-
ured by a special endoscopic instrument that was developed
by the authors (Fig 2). The instrument has one active moving
jaw with adjustable metric scale (from 0 to 9cm), that can
change its angle between 0 and 90°. Figure 3 shows measure-
ments of hiatus taken intraoperative.

Fig.2. Special endoscopic instrument for intraoperative
measurement of the esophageal opening

Fig.3. Intraoperative size measurement of the hiatus

Usually, patients after laparoscopic fundoplication stayed
at the clinic for 2 to 5 days and the immediate results (typi-
cally 90-95% good and very good) were observed. In addi-
tion, our study included long-term observation. Gastroesoph-
ageal Reflux Disease-Health Related Quality of Life (GERD-
HRQL) Questionnaire and General Health Survey (SF-36
questionnaire) were used to obtain data on the quality of life
of patients with hiatal hernia after anti-reflux surgical treat-
ment. All operated patients were asked to fill in the two ques-
tionnaires in order to obtain data on their the physical (Phys-
ical Component Summary) and psychological (Mental Com-
ponent Summary) well-being in addition to the instrumental
methods for studying the cardiac closure function (14).

A selective study of two-year postoperative treatment re-
sults was performed in 100 (19,9%) patients with hiatal her-
nia in the period following 1 to 5 years after surgery, includ-
ing 68 women and 32 men. The average age of the patients
was 44,34+8,47 years. The sample included 80 patients who
were treated with total (360°) fundoplication (Nissen), 20 pa-
tients partial (180-270 °) fundoplication (Dor, Toupet). Cor-
rection of the esophageal opening was performed by dia-
phragmocrurography in 32 cases, and in 17 cases with mesh
implants. The surgeons that performed operations were dif-
ferent. Simultaneous operations were performed in 16 cases
(cholecystectomy-13, hernia-2). The long-term results were
studied using the questionnaire method. 14 patients were sub-
ject to control instrumental examination. Patients were of-
fered to assess their general well-being on a 4-point scale.

The performance and effectiveness of the methods used
to diagnose hiatal hernia was evaluated based on Sensitivity
and Specificity. Sensitivity, in this case, is the ability of the
particular diagnostic method to detect the disease in people
who actually have the disease (the probability of a positive
result in people with the disease), that is, the proportion of
truly positive cases. Specificity refers to the ability of a diag-
nostic method to distinguish patients who have not been di-
agnosed with the disease, from people who do not really have
the disease (the probability of a negative result in people
without the disease), that is, the proportion of truly negative
cases that were correctly identified by the particular method.
Diagnostic effectiveness or Accuracy is the average between
diagnostic sensitivity and diagnostic specificity. Positive pre-
dictive value refers to the likelihood of patient actually hav-
ing a hiatal hernia, when positively diagnosed by a particular
method. Negative predictive value is the likelihood of the ab-
sence of HH when medical examination (with a particular
method) produces a negative result.

The performance was calculated according to the follow-
ing formulae:

Sensitivity = TP/(TP+FN),

Specificity = TN/(TN+FP),
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Diagnostic effectiveness (accuracy) = (sensitivity+specific-
ity)/2,

Positive predictive value = TP/(TP+FP),

Negative predictive value = FN/(FN+TN), where TP were
True Positive cases, patients correctly diagnosed with HH;

TN - True Negative cases, healthy patients correctly identi-
fied as healthy;

FN - False Negative cases, patients suffering from HH, in-
correctly identified as healthyl;

FP - False Positive cases, healthy patients misdiagnosed with
HH.

RESULTS

We performed and analyzed the results of surgical treat-
ment in 502 patients with hiatal hernia. 18 patients declined
surgery in favor of conservative therapy. Laparoscopic Nis-
sen fundoplication method was the preferred procedure at the
Clinic, as the most adequate procedure that can prevent the
reflux of gastric contents into the esophagus. Isolated fun-
doplication without esophageal opening plastic was per-
formed in 180 patients. The expansion of the esophageal
opening by more than 3.5 cm was considered an indication to
surgery correction of hiatus. In total, additional procedures
for correction of the hiatus were performed on 322 patients.
Diaphragmcrouroraphy was carried out in 199 cases. In 123
cases, when crura of diaphragm were unable to sustain
stiches and when the expansion of the esophageal opening
was more than 5 cm, mesh implants were used to support the
crura (Fig. 4).

Fig.4. Surgical correction of hiatal hernia
with a mesh implant

When the main pathology was combined with other ab-
dominal diseases, requiring surgical correction, in 215 cases,
simultaneous surgical procedures were performed.

The data on concomitant medical conditions and hiatal
hernia-related clinical manifestations are presented in
Table 1.

Table 1. Summary of symptoms, Surgical procedures and Sample Composition

Number (Percentage)
Total number of patients: 520
-men 284 (54,6%)
-women 236 (45,4%)
Age (vears) 49,5+5,62

- duodenal ulcer

- cholelithiasis, chronic cholecystitis

- chronic pancreatitis

- chronic violation of duodenal patency
- biliary dyskinesia

- Casten syndrome

- Saint’s triad

Concomitant diseases (number of cases, percentage):

162 (31,2%)
131 (25.2%)
76 (14,6%)
62 (11,9%)
28 (5,4%)
21 (4,0%)
15 (2,9%)
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Number (Percentage)

Clinical manifestations (esophageal)

- pain:
* in the upper abdomen area
* behind the sternum
« in the right hypochondrium area
* in the left hypochondrium area
* in the area of the heart

500 (96,2%)
424 (81,5%)
220 (42,3%)
212 (40,8%)
192 (36,9%)

- heartburn 420 (80,8%)
- dysphagia 212 (40,8%)
- belching 188 (36,2%)
- nausea 168 (32,2%)
- vomiting 164 (31,5%)
- regurgitation 160 (30,8%)
Clinical manifestations (non-esophageal)

- anemia and bleeding 130 (25%)
- aspiration bronchopulmonary complications 114 (21,9%)
- neurological disorders 52 (10%)

- asymptomatic course 14 (2,7%)

Performed surgical procedures

- complete (360°) Nissen fundoplication

- partial (180°- 270°) Toupet fundoplication
- partial (180°) Dor fundoplication

436 (86,8%)
62 (12,4%)
4 (0,8%)

Procedures performed simultaneously
- cholecystectomy

157 (31,3%)

- benign ovarian tumors removal 29 (5,8%)
- dissection of the ligament of Treitz 16 (3,2%)
- viscerolysis 11 (2,2%)
- hernioplasty (hernia repair) 2 (0,4%)
Total 520 (100%)

The most frequently combined procedures included chol-
ecystectomy (157 cases), removal of benign ovarian tumors
(29 cases), dissection of the Treitz ligament (16 cases), vis-
cerolysis (11 cases), hernia corrections (2 cases). Intraopera-
tive complications were diagnosed in 9 (1,8%) patients. Early
postoperative disfunction directly related to anti-reflux pro-
cedures were diagnosed in 73 (14,5%) patients, the most
common was transient dysphagia 39 (7,7%) cases. Reactive
serous pleurisy occurred in 8 (1,6%) cases. These complica-
tions were transient in nature and were corrected by con-
servative therapy.

The preoperative Balloon X-ray examination results al-
ways matched the intraoperative measurements. The proce-
dure proved to be convenient and effective, no complications
ever occurred during and/or after the Balloon X-ray exami-
nation. In addition, the technique does not require any expen-
sive equipment.

The results show that the reliability of the sliding hiatal her-
nias diagnosis increased to 95,5 % particularly for hiatal her-
nias where the esophageal opening of the diaphragm in-
creased to between 3.5 and 7.5 cm. Thus, the Balloon X-ray
method developed at the Clinic was proven effective in our
clinical practice and today is mandatory before performing
surgery for hiatal hernia.

Our results presented in Table 2 demonstrate that routine
instrumental methods used in hiatal hernia diagnosis provide
valuable information, however only their combined applica-
tion allows us to establish the correct diagnosis in all patients.
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Table 2. Comparison of methods of hiatal hernia diagnosis.

Sensitivity | Specificity Accuracy PostliSZiglrjglc— I:iliecgt?:llevf/ flilec;
X-ray 78,9% 25% 51,96% 83,4% 80,01%
Esophagogastroduodenoscopy 92,6% 83,3% 87,95% 98,8% 58,3%
pH-monitoring, 89,5% 25% 57,25% 85% 66,6%
Esophagomanometry
Balloon X-ray 94,7% 71,4% 83,05% 97,8% 50%

As for two-year postoperative patient well-being results,
the complete survey data was obtained from 84 patients of
100 who took part in the research. Patients were offered to
assess their general well-being on a 4-point scale. 7 (8,3%)
patients reported it as Excellent, 45 (53,6%) as Good, 24
(28,5%) Satisfactory and 8 (9,5%) noted unsatisfactory re-
sults.

When patients self-assessed their state of health accord-
ing to the GERD-HRQL questionnaire, a statistically signif-
icant restoration of the cardiac closure function according to
manometric data and the DeMeester indicator was noted. At
the same time, in some patients with excellent and good re-
sults, gastroesophageal reflux and reflux esophagitis in the
lower third of the esophagus was observed according to the
daily intra-esophageal pH-meter and esophagogastroduo-
denoscopy (23,81 + 4,65%). Self-reported quality of life of
patients, according to the SF-36 questionnaire, increased dur-
ing the 1st and 2nd year after surgery compared with preoper-
ative values. To the question of whether preoperative com-
plaints disappeared, 48 patients (57,1%) answered aftirma-
tively, whereas 36 (42,9%) patients noted slight presence of
pathological symptoms, which are often observed after vari-
ous types of esophagus cardiac sphincter correction.

When asked if patients were generally satisfied with the
results of surgical treatment, 52 (61,9%) patients answered
“Yes” while 32 (38,1%) of patients answered “No”. Moreo-
ver, all patients who underwent combined surgical proce-
dures were in the group satisfied with the results of surgery.
Of 14 patients submitted for control instrumental examina-
tion, the majority (78,7%) showed no deviations from the
normal, only 2(14,2%) patients were diagnosed with esopha-
gitis, and 1 (7,1%) patient, earlier treated with partial Toupet
fundoplication, upon X-ray examination showed early signs
of a relapse of hiatal hernia.

DISCUSSION

Modern X-ray technology in a traditional medical exam-
ination does not always allow one to identify reflux esopha-
gitis and sliding hiatus hernias, as well as to differentiate
them from an ampoule or diverticulum of the esophagus.
Thus, X-ray does not provide sufficient evidence to form an
informed medical opinion as to the severity of the pathologi-
cal process, in particular, assess the size of the hernia defect
(10,11).
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The “Balloon X-ray” Method (aka traction X-ray balloon-
ography method) developed by authors increases the HH di-
agnostics effectiveness; which allows us to evaluate the valve
function of the cardia and, most importantly, to establish the
true dimensions of the hiatus esophagus (5).

Moreover, precise information on the hernia defect size is
very valuable as it helps in selection of the hiatal hernia treat-
ment and the most appropriate technique for the operation if
needed. Knowing the exact dimensions of the defect, im-
plants can be prepared, if necessary, according to the speci-
fied size.

As many authors point out (12, 13), every instrumental
method used in hiatal hernia diagnosis provides valuable in-
formation. Esophagogastroduodenoscopy is one of the most
reliable methods for the diagnosis of esophagitis, which al-
lows to visually examine the condition of the mucous mem-
brane of the esophagus and stomach, as well as to obtain bi-
opsy samples for further histological examination. Manom-
etry and intraesophageal pH-monitoring enable assessment
of the cardiac sphincter tone and help to identify the diseases
of the esophageal-gastric transition in the functional phase;
help to reliably assess the disease dynamics and the effective-
ness of the treatment. None of these procedures should be
treated as rival diagnostic methods but only as complement-
ing each other.

CONCLUSION

Our research results show that routine instrumental meth-
ods used in hiatal hernia diagnosis provide valuable infor-
mation, however only their combined application allows us
to establish the correct diagnosis in all patients. We propose
a new original X-ray balloon method that allows to improve
the quality of diagnosis of hiatal hernia significantly. Balloon
X-ray allows us to establish the true dimensions of the hiatus
and select the most appropriate surgical treatment accord-
ingly. The long-term results studied by us did not reveal any
significant difference in the postoperative subjective sensa-
tions of patients between surgical procedures (total or partial
fundoplication). It is suggested that the results of operations
in patients with hiatal hernia depend largely on a thorough
selection of patients for intervention. Indications to surgery
should be based on sufficient data obtained from preoperative
clinical and instrumental examination, including potential
concomitant pathologies.
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ABSTRACT

The study aimed to evaluate the effectiveness of functional
and motor activity restoration, including the walking function, in
patients after an ischemic stroke using the ExoAtlet lower limb
exoskeleton. Patients and methods. A clinical study was carried
out on 42 patients who had undergone a cerebral infarction in the
mid cerebral artery system with a post-stroke paresis of the leg,
and who had undergone a rehabilitation course in a round-the-
clock hospital during the early recovery period. Patients were
randomized into two equal groups comparable in terms of the
stroke severity: the patients in group 1 were receiving a standard
rehabilitation program (control group), the patients in group 2
were additionally receiving a course of gait rehabilitation using
the ExoAtlet exoskeleton - 10 sessions, 5 sessions per week for 14
days. Results. The study demonstrated the effectiveness of the
ExoAtlet exoskeleton used in the rehabilitation of stroke patients
over the standard course of rehabilitation. The advantages in-
clude a decrease in the hemiparesis degree, an increase in the
muscle strength of the paretic limb, an improvement in balance,
an improvement and acceleration of the walking process. The ob-
tained results of the instrumental study confirmed the benefits of
physical training on the Exoskeleton, which was demonstrated
through an increase in stability and balance, as well as through a
decrease in the energy consumption index for maintaining the sta-
ble verticalization. Conclusion. The usage of the ExoAtlet exo-
skeleton increases the effectiveness of rehabilitation measures
and improves motor and functional activities of patients who have
suffered a cerebral stroke.

Keywords: stroke, rehabilitation, exoskeleton, ExoAtlet,
walking, stabilometry.
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SAZETAK

Ova studija je imala za cilj da proceni efikasnost ponovnog
vracanja finkcionalne i motorne aktivnosti, ukljucujuci funkciju
hodanja kod pacijenata koji su pretrpeli ishemijski mozdani udar
koris¢enjem ExoAtlet egzoskeleta za donje udove. Pacijentii me-
tode. Klinicka studija je sprovedena na 42 pacijenta koji su pretr-
peliishemijski mozdani udar u sistemu srednje cerebralne arterije
sa parezom noge nakon mozdanog udara i koji su prosli kroz tok
rehabilitacije uz neprekidnu negu u bolnici tokom pocetnog peri-
oda oporavka. Pacijenti su nasumicno rasporedeni u dve jednake
grupe koje su mogle da se porede u smislu jacine mozdanog u-
dara: pacijenti u prvoj grupi su dobijali standardni rehabilitaci-
oni program (kontrolna grupa), pacijenti u drugoj grupi su dobi-
jali dodatno i rehabilitaciju za hod uz koriscenje ExoAtlet
egzoskeleta — 10 sesija, 5 sesija nedeljno 14 dana. Rezultati. Stu-
dija je pokazala efikasnost ExoAtlet egzoskeleta koji se koristi u
rehabilitaciji pacijenata koji su pretrpeli mozdani udar u odnosu
na standardni tok rehabilitacije. Prednosti ukljucuju smanjenje u
Stepenu hemipareze, povecanje u misicnoj snazi pareticnog uda,
poboljsanje u ravnotezi, poboljsanje i ubrzavanje procesa hoda-
nja. Dobijeni rezultati instrumentalne studije potvrduju koristi fi-
zickog treniranja na egzoskeletu Sto je pokazano kroz povecanje
u stabilnosti i ravnotezi kao i kroz smanjenje indeksa potrosnje
energije za odrzavanje stabilne vertikalizacije. Zakljucak. Upo-
trebom ExoAtlet egzoskeleta povecava se efikasnost mera rehabi-
litacije i povecavaju se motorne i funkcionalne aktivnosti pacije-
nata koji su pretrpeli mozdani udar.

Kljucne reci: mozdani udar, rehabilitacija, egzoskelet, Exo-
Atlet, hodanje, stabilometrija.
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INTRODUCTION

In recent decades, a stroke has become an acute medical
and social problem all over the world. The figures for stroke
cases are growing primarily in economically developed
countries and this may be explained not only as an increase
in life expectancy (1, 2). An increase in social interactions,
constant stress, and brain overload has raised the number of
strokes in young patients, most often engaged in mental work
(3-5). Any successful introduction of new pharmacological,
surgical, and X-ray endovascular methods of the stroke treat-
ment, has been leading to a new problem - a significant in-
crease in the number of patients with disabilities (6-8). There-
fore, in recent years, some acute questions have been raised
regarding the effectiveness of rehabilitation measures and re-
integration of people with disabilities into society (9, 10).

The main disabling factor after the stroke is an impaired
motor function, particularly, the walking function (10-12).
As a result of the stroke unilateral muscle weakness, imbal-
ance in the movement coordination due to uneven distribu-
tion of the body weight, sensory disturbances, post-stroke
spasticity, aggravating fear of falling have been observed
(13-14). Muscle weakness, combined with spasticity and vi-
olation of the correct reciprocal innervation, makes it impos-
sible to implement an automated walking pattern and reduce
imbalance, which significantly disrupts the physical activity
of patients, restricts their social and daily activity (14-16).
That is why the walking function rehabilitation is an im-
portant component for resocialization and improvement of
life quality for patients. Despite the foundation of new reha-
bilitation centers and the emergence of new modern methods
to restore lost motor functions, more than a third of patients
cannot restore the ability to walk independently after the re-
habilitation. Therefore, our search for new technologies of
the motor function rehabilitation continues.

One of the prospective research areas that has emerged at
the intersection of technology and medicine is the creation of
exoskeletons - devices with the built-in electronic systems
that may allow partial replacement of lost motor functions as
a result of illness. The technical implementation of these de-
vices is done in different ways: both simple mechanical de-
vices and complex ones have been created using the brain-
computer neuro-interfaces (17-20). However, at present, a
sufficient amount of clinical data has not been collected yet,
which prevents us from the objective calculation of the effec-
tiveness of different types of such devices and determination
of certain clinical groups in which the usage of exoskeletons
will be most effective.

The aim of the study was to evaluate the effectiveness of
restoring the functional and motor activity, including the
walking function, in patients after the ischemic stroke in the
middle cerebral artery basin using the ExoAtlet lower limb
exoskeleton during the early recovery period after the stroke
compared with the traditional methods of rehabilitation.
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PATIENTS AND METHODS

The study was designed as a clinical prospective study.
The research included 42 patients aged between 45 and 75
years (the mean age 61.2 + 9.3 years, median - 63 years) who
had suffered the cerebral infarction, who had undergone a
course of rehabilitation in a 24-hour working hospital in the
early recovery period of the stroke. The study was approved
by the Independent Ethics Committee at the State Budgetary
Institution of Healthcare in the Moscow Region “Moscow
Regional Research Clinical Institute named after M.F. Vladi-
mirsky” (the protocol No. 6 of 15.06.2017).

The mandatory inclusion procedure involves signing of
patients' voluntary informed consent, the ischemic stroke in
the middle cerebral artery system confirmed by neuroimag-
ing (CT/MRI of the brain) without signs of the hemorrhagic
transformation, the presence of spastic hemiparesis or leg
monoparesis, muscle strength - 3-4 points according to the
Medical Research Council Scale (MRCS), the degree of
functional activity/disability - 2-3 points on the modified
Renkin scale and 70-95 points on the Bartel index (mild to
moderate disability), as well as preserved cognitive functions
(25-30 points on the Mini-Mental State Examination). Be-
sides that, the study included the patients who, according to
the Hauser Ambulation Index, were ranging from 3 points
(the patient can walk without assistance, in the meantime, he
could walk 8 meters in 11-20 seconds) to 6 points (the patient
needed double-sided support and more than 20 seconds to
walk 8 meters).

The study did not include patients outside the inclusion
criteria, and who were not able to walk 10 meters even with
bilateral assistance, who had a severe comorbid status, the
obesity rate > II, who had the presence of critical stenosis of
great vessels of the head (> 70% of lumen diameter), demen-
tia, depression, low level of motivation to participate in the
rehabilitation training.

The patients were simply randomized into two identical
groups.

The patients of the 1% group, the Comparison group
(n =21) received the standard rehabilitation program, which
included the physical therapy, exercise therapy, massage,
sessions with a speech therapist and a medical psychologist,
as well as the cognitive training and secondary prevention of
the ischemic stroke by drugs. The walking training on a flat
surface was carried out 5 days a week for 2 weeks, the dura-
tion of each lesson varied within 20-40 minutes, depending
on the patient's functional capabilities.

The patients of the 2" group, the main group (n = 21),
received the course of gait restoration using the ExoAtlet ex-
oskeleton (ExoAtlet Company, Russia) - the complex robotic
mechanotherapy (Fig. 1) in addition to the standard rehabili-
tation scheme. The sessions varied within 10-30 minutes,
were focused on the somatic and functional state of each



patient, and were increased in the duration of each subse-
quent session. The total number of sessions was 10 and
spread over 2 weeks (5 per week). The physical activity was
being increased daily, depending on the condition and endur-
ance of the patient.

Figure 1. A patient walking with the ExoAtlet
exoskeleton during the rehabilitation session.

Under the study protocol, two control points were identi-
fied: (1) - before the start of the study (the inclusion of the
patient in the study, randomization), (2) - day 14, after the
end of the rehabilitation course. The study duration was 14
days for all patients.

At the control points of the study, muscle strength in the
lower extremities was assessed using the Medical Research
Council Scale (MRCS) (21); the functional assessment was
done according to the Rankin scale (22) and the Bartel index
of daily activity (23); the safety of the walking function was
measured according to the Hauser Ambulation Index (HAI)
(24), the study of stability and balance was performed using
the Berg Balance Scale (BBS) (25). In addition to the clinical
examination and assessments on various scales, the dynamics
of motor function restoration were recorded using a stabilo-
platform, and the dynamics of walking speed (10-meter
walking test, I0MWT) were also obtained using a stopwatch
(26). Using an instrumental study of stabilometry (stabilo-
platform "ST-150", Mera-TSP, Russia), the state of vertical
stability was studied, evaluating such indicators as the length
of the statokinesiogram (L, mm) - the length sum of the seg-
ments that connect all projection points of a patient's pressure
center on the surface of the stabiloplatform in the coordinate
system during the functional test; the surface area of the sta-
tokinesiogram (S, mm2) which accounts for 90-95% of all
positions of the pressure center during the study, is deter-
mined by calculating the area of the ellipse; the energy con-
sumption index (Ei, J) - an indicator of energy consumption
for the movement of the general pressure center during the
study, calculated as the sum of increments of kinetic energies
of the subject's body, was counted for each elementary move-
ment of the general center of pressure. These indicators were
obtained via two functional tests - a simple uncomplicated
Romberg test, 2 consecutive 51-second phases of calm verti-
cal standing with open and closed eyes, in the "European"
feet placement (27, 28).

At the time of inclusion into the study, both patient groups
were indistinguishable in terms of functional and motor ca-
pabilities (Table 1), which made it possible to conduct an ob-
jective comparative statistical analysis.

Table 1. The patient groups’ characteristics according to the assessments via
different scales and tests at the time of inclusion into the study.

. Statistical charac- Groupl Group 2
Indicator teristic Comparison Exoskeleton p
(n=21) (n=21)
Muscle strength
. ’ Me 4 4
The Medical Research ) ) ) 0,750
Council Scale, score Q1:Q3) (3:4) (3:4)
. Me 80 80
The Bartel index, score Q1 : Q3) (75:85) (70:85) 0,746
The Berg Balance Me 41 41 0.939
Scale, score (Q1:Q3) (41 : 45) (41 : 406) ’
The Rankin 2 o 3 (14,3%) 4 (19,0%)
Scale, score 3 n (%) 18 (85,7%) 17 (81,0%) 0,682
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. Statistical charac- Group L Group 2
Indicator teristic Comparison Exoskeleton p
(n=21) (n=21)
3 4 (19,0%) 4 (19,0%)
The Hauser
. 4 o 11 (52,4%) 9 (42,9%)
Anézzla;é‘(’fr‘;“' s |00 6 (28,6%) 7 (33.3%) 0,544
’ 6 0 1 (4,8%)
10-meter walking test, | Me 23 22 0.406
sec (Q1:Q3) (18:23) (18:23) ’

The baseline stabilometry indicators which were recorded in patients at the moment of the inclusion into the study, were
also statistically indistinguishable in both groups (p> 0.05), with the exception in the index of energy expenditure with eyes
closed, which was 1.5 times higher in the Comparison group (Table 2). In this regard, the analysis of the stabilometry indi-
cators was carried out by both the absolute values of L, S, and Ei, determined on the 14th day, and by the percentage change
dynamics in the observed parameters concerning the initial data.

Table 2. The baseline stabilometry indicators before the rehabilitation program in both groups.

. Statistical charac- Group - L Group 2
Indicator teristic Comparison Exoskeleton p
(n=21) (n=21)
The length with eyes open, mm (QIN:IiB) (5385‘:‘9564) (505?7513) 0,059
The length with eyes closed, Me 730 598 0071
mm (Q1:Q3) (567 : 899) (515:615) '
The area with eyes open, mm? Q IN:IeQ3) (273?%‘70) (233 }9509) 0.658
The area with eyes closed, Me 399 258 0075
mm? (Q1:Q3) (273 : 498) (242 : 471) '
Energy consumption to keep Me 8.7 7.1 0791
balance with eyes open, J (Q1:Q3) (5.7:12.1) (6.3:16.0) '
Energy consumption to keep Me 19.9 13.8 0.005
balance with eyes closed, J (Q1:Q3) (16.0 : 22.0) (11.1:16.5) '

Statistical processing of the research results was carried
out using the SPSS 23.0 software. The differences were con-
sidered to be significant at p <0.05. The descriptive statistics
of the continuous quantitative data are presented as the mean
(M) and standard deviation (+ SD) with the normal distribu-
tion, as well as the median (Me), values of the lower (25%,
Q1) to the upper (75%, Q3) quartiles with the abnormal

RESULTS

During the study, a significant positive effect of the Exo-
skeleton physical activity training was recorded in the dy-
namics of muscle strength, assessed by the Medical Research
Council Scale (MRCS) (Table 3). An improvement in the
MRCS score during 14 days was achieved by the majority
(71.4%) of patients of the Exoskeleton group, whilst the im-
provement was recorded only in 28.6% of the Comparison
group cases, and mostly, patients didn't demonstrate changes
in the limb paresis dynamics. (p <0.05).
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distribution. To compare the quantitative indicators of two
independent samples, the Mann-Whitney test was used, to
compare the indicators of two related ones - the Wilcoxon
test. The qualitative variables were analyzed in absolute and
relative (by percent) units and compared using the 2 test (the
analysis of the contingency tables).

The full recovery of muscle strength in the limbs on the 14th
day of the study was noted in 7 (33.3%) patients of the Exo-
skeleton group and only in 1 case (4.8%) in the Comparison
group (p <0.05).



Table 3. The assessment of muscle strength in the lower extremities using the

Medical Research Council Scale on the 14th day of the study (n,%).

Comparison Exoskeleton p
3 3 (14,3%) 0
Th:iﬁzcs 4 17 (81,0%) 14 (66,7%) 0,006
5 1 (4,8%) 7 (33,3%)
. No changes 15 (71,4%) 6 (28,6%)
Dynamics Improvement 6 (28,6%) 15 (71,4%) 0,011

The study paid a particular attention to the assessment of
the gait function. Conducting a 2-week rehabilitation course
with the additional inclusion of 10 ExoAtlet sessions into the
program led to a significant improvement in the patients'
physical activity. The improvement in walking measured ac-
cording to the Hauser index scale was observed in 15 (71.4%)
cases in the Exoskeleton group, which is 3.8 times more than
in the Comparison group where the improvement was rec-
orded in 4 (19.0%) cases. (p <0.05). Only in the Exoskeleton
group, there were some patients (14.3%) who, by the end of
the rehabilitation course, could walk 8 meters in less than 10

seconds, and gait disturbances were insignificant and almost
imperceptible.

The walking speed test at a distance of 10 meters also
confirmed the effectiveness of rehabilitation on the ExoAtlet
Exoskeleton. On average, in the Exoskeleton group, the 10-
meter distance was covered 18% faster (4 seconds), decreas-
ing from 22 seconds on the day 0 to 18 seconds on the day 14
(p <0.001). The patients walking speed in the Comparison
group was also improved, but this improvement was 2 times
less than in the Exoskeleton group (p <0.05) (Table 4).

Table 4. The assessment of walking according to the Hauser Ambulation Index
and 10-meter walking test on the 14th day of the study.

Comparison Exoskeleton p
2 0 3 (14,3%)
3 4 (19,0%) 11 (52,4%)
Score 4 15 (71,4%) 3 (14,3%) 0,039
The Hauser 0 0
Ambulation in- > 2 (9.5%) 4 (19,0%)
dex,n (%) 6 : -
’ Score dvnam- No changes 17 (81,0%) 6 (28,6%)
ics yn 1 score 4 (19,0%) 12 (57,1%) 0,001
2 scores 0 3 (14,3%)
10-meter walking test 21 18
mmeter walking test, sec Speed on day 14 | (14 : 21) (13 :21) 0,045
11-25 13-24
Me
(Q1:Q3) 2 )
p Dynamics, -sec | (2:3) (2:5) 0,007*
95CL 0-5 77

The Berg balance scale indices did not reveal any signif-
icant intergroup differences, the average score on the 14th
day was 46 (46: 50) in the Comparison group and 47 (45: 56)
in the Exoskeleton group (p> 0.05). However, after analyzing
the indicator dynamics, a difference was recorded and ex-
pressed as an improvement in the balance dynamics by 7
points averagely in the Exoskeleton group and by 5 points in
the Comparison group. The 2 points difference was statisti-
cally significant (p <0.05).

As a result, a decrease in the disability degree and an im-
provement in the social adaptation were found in both
groups, but the decrease was better expressed in the Exoskel-
eton group. Thus, the average score on the Bartel index in the
Comparison group was 85 (80:95) points, in the Exoskeleton

group - 90 (75: 100) points. Although the 5 points difference
did not showany statistical significance, the frequency as-
sessment of adaptation's complete recovery revealed the sig-
nificance. 100 points according to the Bartel index in the
Comparison group were observed in 3 (14.3%) patients, in
the Exoskeleton group - in 10 (47.6%) patients, which is 3.3
times more (p <0.05). The analysis of the disability level ac-
cording to the modified Rankin scale on the day 14 also
showed a significant effect of the Exoskeleton rehabilitation
course on the disability degree of the stroke patients. The im-
provement in the functional activity according to Rankin was
found in 3 (14.3%) cases in the Comparison group and in 9
(42.9%) cases in the Exoskeleton group, which is signifi-
cantly 3 times higher (p <0.05) (Table 5).
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Table 5. The assessment of the functional activity efficiency according to the
modified Rankin scale on the 14th day of the study (n, %).

Comparison Exoskeleton p
Me 3 2
Q1 : Q3) 2:3) 2:3) 0,028
Score 1 0 1 (4,8%)
2 6 (28,6%) 12 (57,1%) 0,025
3 15 (714%) 8 (38,1%)
No changes 18 (85,7%) 12 (57,1%) 0.043
Improvement 3 (14,3%) 9 (42,9%) ’

Throughout the instrumental study of the stabilometric in-

hadperformed with both open and closed eyes. The recorded

dicators (length, area of statokinesiogram, index of energy
consumption), significant intergroup differences were rec-
orded in the functional tests, which the patients

differences showed a positive effect of exercises on the Exo-
Atlet exoskeleton, the greatest differences were registered
with eyes open (Table 6).

Table 6. The stabilometry indicators on the 14th day of the study.

Comparison Exoskeleton p
Length (L) with eyes open 492 376
Day 14, mm (475: 537) (343 : 393) <0,0001
Dynamics by day 14, % :12558 15) E_236971 24.9) <0,0001
- decrease 17 (81,0%) 21 (100%) 0.053
- increase 4 (19,0%) 0 )
Length (L) with eyes closed 663 423
Day 14, mm (398: 780) (348 : 553) 0,021
Dynamics by day 14, % E.l28669; 113 E_238i94: 224 0.045
- decrease 20 (95.2%) 19 (90.5%) 0.500
- increase 1 (4.8%) 2 (9.5%) )
Surface area (S) with eyes 315 154
open Day 14, mm2 (210: 346) (123 : 231) <0,0001
Dynamics by day 14, % E_2322’29: 133) E_Sgi64: 489) <0,0001
- decrease 16 (76.2%) 19 (90.5%) 0205
- increase 5 (23.8%) 2 (9.5%) )
Surface area (S) with eyes 352 232
closed Day 14, mm2 (200 : 374) (110 : 242) 0,001
Dynamics by day 14, % E_226§76: L f565125; 52 0.071
- decrease 13 (61.9%) 17 (81.0%) 0153
- increase 8 (38.1%) 4 (19.0%) )
Energy consumption index 75 4.1
(Ei) with eyes open Joule (6.0: 10.8) (3.5:5.0) <0,0001
. -13,8 -61,1
o > >
Dynamics in % (-17,4: -1.8) (-68,7: 29.,6) <0,0001
- decrease 16 (76.2%) 21 (100%) 0.024
- increase 5(23.8%) 0 )
Energy consumption index 11.0 7.2
(Ei) with eyes closed Joule (9.7 :16.5) (3.1:12.2) <0,0001
. -34,0 -51,2
o > >
Dynamics in % (-39,4: 25,7) (-71,3: 37,7) 0.007
- decrease 17 (81,0%) 18 (85.7%) 0.500
- increase 4 (19,0%) 3 (14.3%) )
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DISCUSSION

The figures for the statokinesiogram length on the 14th
day of the study in the Comparison group were 1.31 times
larger on average with eyes open (p <0.05), and 1.57 times
larger with eyes closed (p <0.05) than in the Exoskeleton
group. Meanwhile, within the Comparison group, the stato-
kinesiogram length with eyes open decreased by 12.5% on
average, within the Exoskeleton group - by 26.7% concern-
ing the initial values that had been recorded before the start
of the rehabilitation course, the 2.14 times difference is sta-
tistically significant and indicates the positive impact of the
Exoskeleton training. With eyes closed, the statokinesiogram
length dynamics were more significant: the reduction in
length in the Comparison group was 18.6%, in the Exoskele-
ton group - 28.9% (1.55 times higher, p <0.05). It is also im-
portant to note that the statokinesiogram length indicator with
eyes open became worse by the dayl4 in 19% of the cases
in the Comparison group, but there were no such cases rec-
orded in the Exoskeleton group.

The statokinesiogram area on the 14th day was averagely
higher for the Comparison group, 2.05 times more with eyes
open (p <0.05) and 1.52 times more with eyes closed
(p <0.05). In the Comparison group, the statokinesiogram
area with eyes open decreased by 22.2% on average, in the
Exoskeleton group - by 54.6% compared to the initial values,
the 2.46 times difference is statistically significant (p <0.05).
With eyes closed, the area decreased by 26.7% in the Com-
parison, and by 46.2% in the Exoskeleton groups, respec-
tively. It is interesting to note the tendency of a 2-2.5-fold
reduction in the number of patients whose statokinesiogram
area worsened by the day 14 (with eyes open, there were
23.8% of such cases in the Comparison group, and 9.5% of
cases in the Exoskeleton group; with eyes closed - 38, 1%
and 19.0% of cases, respectively, p> 0.05). The findings con-
firm the improved resilience of patients receiving the Exo-
skeleton training.

The energy consumption index for maintaining the stable
verticalization on the 14th day of the study also became sig-
nificantly better in the functional tests for both eyes closed
and open (p <0.05) in the Exoskeleton group. On average, the
patients in the Comparison group were spending 1.83 times
more energy with eyes open, and 1.53 times with eyes closed
(p <0.05). Simultaneously, in the Comparison group, the en-
ergy consumption index with eyes open averagely decreased
by 13.8%, in the Exoskeleton group - it dropped by 61.1%
compared to 1 day, which is 4.42 times higher (p <0.05). The
same indicator for eyes closed demonstrated the improve-
ment in the Comparison group by 34.0% on average, in the
Exoskeleton group it was 1.51 times more, 51.2% compared
with the initial figures (p <0.05). We would like to emphasize
that with eyes open, the energy consumption index dimin-
ished in 23.8% of cases of the Comparison group, no such
cases were recorded in the Exoskeleton group (p <0.05).

Our clinical prospective pilot comparative study demon-
strated the effectiveness of the ExoAtlet exoskeleton in the

rehabilitation of patients after the middle cerebral artery sys-
tem stroke. The advantages over the standard rehabilitation
course include the decrease in the hemiparesis degree, the in-
crease in the paretic limb muscle strength, the improvement
in balance, the improvement and acceleration of walking,
which ultimately made it possible to increase the degree of
social adaptation and reduce the degree of disability. The ob-
tained results of the instrumental study confirmed the bene-
fits of the Exoskeleton physical training, which were ex-
pressed by the increase in stability and balance (a more pro-
nounced reduction in the statokinesiogram length and area)
by 1.3-2.0 times, as well as in the decrease in the energy con-
sumption for maintaining the stable verticalization by 1.5-1.8
times with eyes open and closed. The degree of the estab-
lished intergroup differences allows us to conclude that 10
additional sessions on the ExoAtlet for 2 weeks of rehabilita-
tion during the early recovery period of the stroke for patients
with mild and moderate disadaptation, increase the effective-
ness of the physical activity rehabilitation till 15-20%. This
could increase the number of patients with full functional and
motor recovery.

CONCLUSION

The use of the ExoAtlet exoskeleton increases the effec-
tiveness of rehabilitation measures and improves the motor
and functional activity of patients who have suffered the cer-
ebral stroke. Therefore, it can probably be recommended for
permanent inclusion in the rehabilitation program for patients
after the stroke. However, for the final decision of both the
inclusion itself and the modes of use of the ExoAtlet exoskel-
eton, it is necessary to conduct a more in-depth study on pro-
tocols that meet the requirements of the principles of evi-
dence-based medicine. In particular, it is advisable to conduct
a control-spawning study of several groups of patients under-
going the rehabilitation using other robotic technologies, as
well as technologies used in exoskeletons.
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ABSTRACT

Pleural empyema, defined as the presence of purulent
material within the pleural space, is the consequence of a
suppurative process involving the serous pleural layers. Tho-
racic empyema is a dynamic process, inflammatory in origin
and taking place within a preformed space bordered by both
the visceral and parietal pleura. It is a complex clinical enti-
ty, neither a sole clinical, laboratory, nor a radiological diag-
nosis. The primary therapeutic aim: ‘ubi pus evacua’— if you
find pus remove it—has not changed since the age of Celsus.
Therefore, treatment of the acute empyema of the pleura is
directed to early and complete evacuation of empirical fluid
and content, achieving full re-expansion of the lungs and
eradication of the infection using appropriate surgical proce-
dures, antibiotics and other supportive procedures. The opti-
mum method of treating empyema should be adjusted to the
condition of the patient and the stage of the disease in which
the patient is located. The method of treatment depends on
the etiology (pneumonic or traumatic), the general condi-
tion of the patient and the stage of disease development. By
reviewing the available literature, it can be concluded that
treating the pleural empyemas is a demanding procedure,
in which it is necessary for the treating physician to apply
all of his knowledge, and that there is good cooperation with
the patient.
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SAZETAK

Empijem pleure, koji se definise kao prisustvo gnojnog
sadrzaja unutar pleuralnog prostora, predstavija posledicu
gnojnog zapaljenja seroznih opni unutar grudne duplje. To je
inflamatorni dinamican procs koji se odvija unutar grudne
duplje, sa nekad nedovoljno jasnim klinickim, radiografskim
i laboratorijskim manifestacijama. Osnovni terapeutski
princip ,ubi pus evacua“ se nije promenio od vremena Celzu-
sa. Stoga, evakuacija gnojne nakupine unutar pleuralnog
prostorauz kompletnu eradikaciju infektivnog agensa i obli-
teracije pleuralnog kavuma, tokom rane faze razvoja bolesti,
predstavija primarni cilj leCenja. Optimalni metod lecenja
empijema pleure bi trebalo da bude prilagodjen fazi razvoja
bolesti, kao i opstem stanju pacijenta.

Pregledom dostupne literature, dolazimo do zakljucka
da lecenje pleuralnog empijema zahteva punu kooperaciju
pacijenta, uz upotrebu svog medicinskog znanja i iskustva
lekara, a u cilju postizanja izleenja, Sto predstavija izazov
za lekara.
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INTRODUCTION

Pleural empyema, defined as the presence of purulent
material within the pleural space, is the consequence of a
suppurative process involving the serous pleural layers (1).
The first case of empyema was described by Hippocrates
about 2,400 years ago (2). Nowadays, the increased inci-
dence of nosocomial infections, acquired immunodeficien-
cies and antibiotic-resistant germs reflects in a dramatic
increase of pleural empyema cases resulting in a challeng-
ing management and therapeutic approach.

Considering that in 47-56% of cases no direct infecti-
ous agent of the empyema is known, and because of the
need to treat it as soon as possible and in the best possible
way, it is most effective to keep Light and Muers criteria
for the diagnostics of contents from the pleural space (3, 4).

The most common microorganisms that lead to the for-
mation of the empyema of pleura are: pneumococcus, strep-
tococcus, staphylococcus and tuberculosis bacillus. Infec-
tions with coliform bacilli, Proteus vulgaris, various fungi and
mixed microorganisms is a rare occurrence. The pathophysi-
ological invasion of the pleural space can occur in several
ways: the direct spread of the infection from the pneumonic
focus (parapneumonic empire) (4), rupture of a pyogenic or
tuberculous lung abscessus, a contamination resulting from
an operation or trauma (5, 6), the direct spread of an infec-
tion that is primarily subdiaphragmatic and hematogenous
dissemination within a generalized infection (sepsis) (7). Em-
pyema pleura to the clinical course can be: acute and chronic.

Thoracic empyema is a dynamic process, inflammatory
in origin and taking place within a preformed space bor-
dered by both the visceral and parietal pleura. It is a com-
plex clinical entity, neither a sole clinical, laboratory, nor a
radiological diagnosis (8).

The diagnosis of empyema pleura is not difficult to set
because clinical presentation is often obvious. Local symp-
toms of empyema include thoracic pain, cough, weakness,
fever and leukocytosis. Acute empyema with a high amou-
nt of purulent effusion are manifested clinically by dyspno-
ea and signs of intoxication. A physical finding is characte-
ristic of pleural effusion, and chest radiography and MSCT
scan are considered “gold standards” in imaging diagno-
stics of pleural empyema. Positron emission tomography
(18F-FDG-PET/CT) does not appear to be a diagnostic
tool in evaluating patients with pleural effusion due to its
low specificity and subsequent difficulty in differentiating
between inflammatory and neoplastic disease (9-11).

In 1962, the American Thoracic Surgery (ATS) defined
three different stages according to clinical evolution of
pleural effusions: (I) essudative phase (Stage I), character-
ized by an increase in the permeability of serous layers with
exudate production. Despite of fibroblasts and angioblastic
cells proliferation with fibrin deposition, no thickenings or
pleural remodeling can be identified; (II) fibrinopurulent
phase (Stage II), characterized by a massive deposition of
fibrin predominantly on the parietal pleura. The purulent
exudate exhibits a high concentration of polymorphonu-
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cleated lymphocytes. Septa begin to form in a reversible

condition; (III) organized Phase (Stage III), with massive

fibroblastic proliferation and consensual formation of dif-
fuse septa on both the serous membranes and leading to

lung incarceration with an impaired re-expansion (12, 13).
Taking into account the clinical findings, the criteria

for diagnosing the pleura empires are as follows:

1. Obtained pure pus with pleural puncture and / or di-
rectly / indirectly confirmed presence of bacteria in the
punctate (Gram stain, microbiological analysis)

2. The pH of the content is less than 7, 2, the glucose con-
centration is less than 400 mg / 1, values of LDH pun-
ctate over 1000 IU / ml, protein level above 3 g / ml and
WBC over 15 000 cells / mm3

3. Clinical and radiographic findings that point to the
existence of an inflammatory process in the lungs(3).
Muers criteria includes also glucose level in pleural ef-

fusio, as well as its relation with serum glucose (3).
Chronic empyuemas represent a long-term phase of the

development of acute pleura empires. When the empyema

becomes chronic, the visceral pleura thickens and is firmly
glued to the encapsulated collection. Empyema becomes
chronic for several reasons, some of which are late diagno-
sis, or inadequate treatment of acute empyema, the existen-
ce of a bronchopleural fistula, tuberculosis or actinomycosis
infection, the presence of a foreign body in the pleural area,
osteomyelitis of the rib, a lung disease that prevents and
prevents re-expansion and possibility of malignant disease.

Chronic empyemas today are rarely meet in clinical practice.

Its treatment is long lasting and complicated, and is aimed

at the sterilization of the pleural cavity and eventualy surgi-

cal treatment, that is, the decortication of the lungs and the
possible resection of the devastated part of the lungs (due to
abscess, bronchiectasis, bronchopleural fistulae, etc.).

DISSCUSION

The primary therapeutic aim: ‘ubi pus evacua’ — if you
find pus remove it—has not changed since the age of Celsus.
Therefore, treatment of the acute empyema of the pleura is
directed to early and complete evacuation of empirical flu-
id and content, achieving full re-expansion of the lungs and
eradication of the infection using appropriate surgical proce-
dures, antibiotics and other supportive procedures (8, 12-18).

The 2017 pleural effusion management guidelines of
American Association for Thoracic Surgery (AATS) sug-
gest management schemes based on the “risk-benefit” rela-
tionships and, according to the increase in this ratio, three
classes have been identified; Class III has a poorly-rated
treatment given the high risk factors compared to benefits;
Class II has likely better rated treatment given risk factors
over the benefits, but not enough trial data; Class I has
highly rated benefits than risk factors (17).

The success of treatment depends on the stage in which
the development of the empyema is initiated. When ther-
apy begins at an early stage of the disease, parapneumonic



effusions and/or early stage empyema can be successfully
cured using thoracic drainage and antibiotics.
Therapeutic drainage, video-assisted thoracoscopic
surgery (VATS), fibrinolytic (enzymatic) decortication,
open decortication of pleura, thoracoplasty and open tho-
racotomy are used in treating empyema pleuralis.

I. Thoracic chest tube placement

Thoracentesis is a useful tool in the management of
uncomplicated pleural effusion and a recommended step
in the diagnosis of complicated effusion (12, 13). However,
in the setting of known pleural infection, ongoing pleural
drainage is regarded as a requirement for adequate treat-
ment and thoracentesis alone, without pleural drain place-
ment, is not recommended (17).

Drainage of infected material from the pleural space is
a fundamental part of empyema treatment. Traditionally
tube thoracostomy has been performed with large bore
catheters, but no consensus exists regarding ideal drain
size (11, 12, 13, 14, 17).

Expert opinion holds that small-bore catheters are inef-
fective in draining thick pus or extensively septated effusions;
however, absent any randomized trials, the role of empyema
stage in the success or failure of image-guided drain place-
ment is unclear. Existing data are mixed. In an unblinded
trial, the presence of sonographic septations was predictive
of more aggressive treatment, but did not specifically address
the success or failure of tube drainage in this population (19).

IL. Fibrinolytic (enzymatic) decortication

The removal of fibrin septes that occur during the sec-
ond phase of empyema development is one of the key fac-
tors that Tilet and associates first dealt with in 1951. (20)
Studies comparing the effect of drainage in the treatment
of the empyema and the effect of drainage with the use of
fibrinolytic, argue in favor of the use of fibrinolytic in the
treatment of empyemas during the second phase of the dis-
ease with a success rate of 87.7% (21).

By developing more modern fibrinolytics, the fibrinoly-
sis efficiency can be extended to a later period in the devel-
opment of the empyema (21-23).

A thorough meta-analysis on the utility of intrapleural
fibrinolytic therapy published in 2012 concluded that fibri-
nolytic therapy is potentially beneficial in the management
of parapneumonic effusions and empyemas in adults but
that there is insufficient vidence to support the routine use
of this therapy for all patents with parapneumonic effu-
sions/empyemas (23).

III. Use of video - assisted thoracoscopic surgery
(VATS) in the treatment of empires

Since the mid-1990s, the thoracoscopic evacuation of
the empirical bag has gained great popularity as a treat-
ment method (24).

Subsequent studies supported the original conclu-
sions and made certain remarks on the limitations of this
procedure in the treatment of empires (25). The effective-
ness of the treatment of empyema by this method var-
ies between 68 - 93%, but very often correlates with the
patient group examined. Namely, the longer the disease
lasts, the failure is more frequent. In patients with a dis-
ease lasting up to 4 weeks, the effectiveness of the VATS
method is higher (26).

Also, in the early stages of the posttraumatic empiric
emission, VATS is for now the sovereign method of suc-
cess (27).

The choice of open vs. thoracoscopic strategies must be
made by considering a complete evacuation of potentially
infected fluid and a complete lung re-expansion. Moreover,
with either approach, the main technical considerations
include safe access into the chest, drainage of pleural space
and maneuvers to allow full expansion of lung. Potential
contraindications and drawbacks of VATS include the in-
ability to tolerate single lung ventilation, severe coagulopa-
thy and operative time with increased costs (28).

IV. Decortication of pleura

Decortication of pleura is a method of choice in cases
where it is not possible to achieve complete lung reex-
pansion (“captured lungs”) due to already formed thick
fibrin deposits on the visceral pleura, and the patient is in
a sufficiently good general condition for great interven-
tion in general anesthesia. The procedure was originally
used for the treatment of tuberculous and posttraumatic
empyema (29), and relies on the elasticity of the lung pa-
renchyma that needs to fill the pleural space, leading to
obliteration of the pleural space. In the event that the ill-
ness itself lasts for more than 6 weeks, which is equiva-
lent to Phase III of the disease, recommendations are to
apply decortication if the patient is capable of carrying
out the operation (30).

In patients with long-standing post-tuberculous col-
lapse of the lungs with minimal lung perfusion, decortica-
tion can be attempted, but the outcome is uncertain (29).
In patients subjected to VATS for the treatment of empy-
ema, conversion to open procedure (decortication) can oc-
cur in 3, 8 - 40% (30, 31).

V. Toracoplasty

Thoracoplasty (“collapse therapy”) represents a par-
tial resection of the chest wall in order to control the
underlying inflammatory process, was among the first
effective chest surgical interventions (32). Nowadays,
the aim of this method is to fill the pleural cavity with
connective tissue and / or fill the empirical cavity with
tissue (omentum, muscle transposition). This procedure
can be performed alone or in combination with other
treatment methods. Despite the development of mod-
ern technology, there are no available reports on non-
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biological materials that can be used to obliterate the
pleural space (33).

In cases where there is no improvement within less ag-
gressive treatment procedures, toracomyoplasty may be
the only option (34, 35). This method may be a sovereign
for the treatment of empires following pneumonectomy
caused by bronchopular and / or esophagus - complicated
fistula after pneumonectomy (36).

VI. Open thoracic window

In advanced stages of the disease, in patients in severe
general condition, operative thoracostomy (fenestration of
the pleural space) is the first, and often the only method of
treating empyema (36, 37).

The advantage of this method is the establishment of
a wide opening through which the infectious substance is
dried, but the quality of life of such patients is very bad.
This method is most commonly applied to the empyema of
pleura produced by the existence of a bronchopleural fis-
tula after pneumonectomy, when all other options for con-
trolling the infection are exhausted. In itself, the method of
open thoracostomy can be the ultimate solution in treating
the empyema of the pleura, but often represents the first
phase of treatment, which “buys the time” until the con-
ditions for closing the torakostom and reconstructing the
chest wall are achieved (37, 38).

CONCLUSIONS

The optimum method of treating empyema should
be adjusted to the condition of the patient and the
stage of the disease in which the patient is locat-
ed. The method of treatement depends on the etiol-
ogy (pneumonic or traumatic), the general condition
of the patient and the stage of disease development.
By reviewing the available literature, it can be concluded
that treating the pleural empyemas is a demanding proce-
dure, in which it is necessary for the treating physician to
apply all of his knowledge, and that there is good coopera-
tion with the patient.

Regardless of the stage of the disease and the applied
methods, the goals of the treatment must always be the
same:

1. Complete removal of infectious contents from the
pleural cavity

2. Achieve complete obliteration of the pleural space

Infection control

4. Applying good physical rehabilitation at the very begin-
ning of the therapy

The way of achieving these goals, as can be seen in the
reviewed literature, is not rigid and narrowly limited, but
is based on the experience of doctors as well as on active
monitoring of the development of the disease, where the
doctor must provide himself with a working width, with
the best intention for the patient.

w
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ABSTRACT

Wandering spleen is a very rare clinical condition character-
ized by spleen absence in the normal anatomical location in the
upper left quadrant of the abdomen and its presence at another
location in the abdomen or pelvis. The ectopic spleen is extremely
rare in children, where its increased mobility is the result of a con-
genital disturbance of the fixation for the anterior wall due to the
absence or weakness of the supporting ligaments. Wandering
spleen is usually asymptomatic, but its torsion is possible, as well
as infarction or rupture which demand an urgent diagnosis and
surgical treatment. The diagnosis of wandering spleen can easily
be overlooked due to low incidence and insufficient clinical expe-
rience, which multiplies patient's risk from life-threatening condi-
tions. We present a case of wandering spleen in an 11-year-old
girl with acute abdominal pain, which after ultrasound examina-
tion raised suspicion on the right adrenal gland tumor. Additional
diagnostics verified an ectopic spleen in the right adrenal box, af-
ter which the recommended preventive splenopexy was seriously
considered. Due to the fixation of the vital spleen in the new posi-
tion, but also the negative attitude of the parents towards the sur-
gical intervention, clinical monitoring was selected, with exclu-
sion of intense physical activity that carries the risk of traumati-
zation of the spleen. As the girl has been in good health for over 3
years and without symptoms, we consider that the selection of
conservative access although difficult, was correct. We hope that
our experience in treating wandering spleen in girls will increase
the number of valid facts about this rare condition.

Keywords: spleen, splenic diseases, splenic torsion, wandering
spleen
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SAZETAK

Lutajuéa slezina je vrlo retko Klinicko stanje koje odlikuje
odsustvo slezine u normalnom anatomskom poloZaju u gornjem
levom kvadrantu abdomena i prisustvo na drugom mestu u abdo-
menu ili karlici. Ektopicna slezina je izuzetno retka kod dece, gde
Je njena povecana mobilnost posledica kongenitalnog poreme-
¢aja fiksacije za prednji trbusni zid usled odsustva ili slabosti pot-
pornih ligamenta. Obicno je asimptomatska, ali je moguca njena
torzija, infarkt ili ruptura, kada je neophodna urgentna dijagno-
stika i splenektomija. Dijagnoza lutajuce slezine ne moze se lako
prevideti zbog niske ucestalosti i nedovoljnog klinickog iskustva,
Sto visestruko povecava rizik pacijenta od stanja opasnih po Zivot.
U radu se prikazuje slucaj lutajuce slezine 11-godisnje devojcice
sa akutnim abdominalnim bolom, kod koje je nakon ultrazvucnog
pregleda posumnjano na tumor desne nadbubrezne Zlezde. Do-
datnom dijagnostikom je verifikovana ektopicna slezina u desnoj
nadbubreznoj lozi, nakon cega je pazljivo razmatrana preporu-
Cena preventivna splenopeksija. S obzirom na fiksiranost vitalne
slezine u novom poloZaju, ali i negativan stav roditelja prema hi-
rurskoj intervenciji, izabrano je klinicko pracenje, sa postedom od
intenzivne fizicke aktivnosti koja nosi rizik od traumatizacije sle-
zine. Kako je devojcica tokom skoro 3 godine od dijagnoze
dobrog zdravstvenog stanja i bez simptoma, smatramo da je izbor
konzervativnog pristupa iako tezak, bio ispravan. Nadamo se da
Ce nase iskustvo kao i pozitivni ishod u tretmanu lutajuce slezine
kod devojcice doprineti povecanju broja vaznih ¢injenica o ovom
retkom stanju.

Kljuéne redi: slezina, bolesti slezine, torzija slezine, lutajuca
slezina
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INTRODUCTION

"Wandering spleen" is a very rare clinical condition char-
acterized by the absence of spleen outside the normal ana-
tomical position in the upper left quadrant of the abdomen (1,
2) and the presence at another place in the abdomen or small
pelvis (3, 4). The etiology is multifactorial and potentially
very serious, sometimes even life-threatening. (5-7). This
condition is extremely rare in children, where, with the de-
velopmental disorder, weakness and disturbance of the fixa-
tion of spleen supporting ligaments to the front abdominal
wall (4, 7, 8), there may be hypoplasia of the anterior ab-
dominal wall muscle with the appearance of dry plums
(“belly syndrome™) event/congenital hernia of the dia-
phragm, volvulus of the stomach, an ectopic kidney, obstruc-
tive anomalies of the urinary tract and/or retention of the tes-
tis (8, 9).

In adults, wandering spleen is in a state where the force
of gravity, trauma, enlargement of the spleen in various ill-
nesses, or hormonal changes in pregnancy can cause in-
creased mobility of the spleen (10, 11). Wandering spleen
most often appears as asymptomatic or with non-specific gas-
trointestinal symptoms, dysuria or dysmenorrhea in women
(10-12). Sometimes, there are episodes of acute or recurrent
abdominal pain with/without melanoma and hematemesis
caused by torsion and spontaneous deterioration of ligaments
and/or blood vessels of the spleen and other organs (13-15).
Symptoms can be alleviated by stretching and occupying the
most suitable position in which the ligaments swell and the
spleen returns to normal.

After such episodes, fibrosis and abscess of the spleen, as
well as hypersplenism, can develop (5-16). In the most severe
cases, there is a clinical picture of the acute abdomen condi-
tion (2-15) due to arising ischemia, bleeding, necrosis and
acute splenomegaly, which can fatally affect patients and re-
quires rapid diagnosis and immediate surgical treatment in
the form of splenectomy (17, 18). In the cases of recurrent
serious symptomatology, preventive splenopexy is increas-
ingly being proposed, which permanently reduces sympto-
matology.
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CASE REPORT

We present the case of an 11-year-old girl who was diag-
nosed with a tumor in the right adrenal gland during an ab-
dominal pain episode, but after the diagnosis, the condition
of wandering spleen was verified. After a slight improvement
and recurrent episodes of abdominal pain, clinical trials were
verified at the age of 4: Situs solitus, Displasio v.mitralis cum
regurgitatio trivialis, Reflux oesophagitis, urease negative
Gastritis antralis. After H2 blocker therapy, a significant re-
duction in symptoms was experienced, which were repeated
at the age of 7. Then, the echosonographic examination of the
abdomen was neat, and the introduced therapy with a proton
pump blocker continued to reduce symptoms for more than 3
years.

At the age of 11, the girl was hospitalized at the Clinic of
Pediatric Surgery, Clinical Centre Kragujevac, for vomiting
and severe pain in the right lumbar bed. After the ultrasound
examination of the abdomen, a tumor in the right adrenal
lodge was suspected. An additional examination at the Pedi-
atric Clinic established that the girl had regular vital func-
tions, growth, development and nutrition: TV + 0.25SD, BMI
16, 43kg/m2 (p50) and initial pubertal signs (B2, PH2). The
analysis performed - blood count, biochemical analysis and
hormonal status were in reference values.

The ultrasound examination described an elliptical
90x44mm diameter change in the left upper quadrant of the
abdomen that could correspond to the tissue of the spleen, left
lobe of the liver, and tumor formation in the right adrenal
lodge (Figure 1: a, b). In the absence of clinical and biochem-
ical indicators of the right ankle tumor, a contrast-abdominal
NMR was performed (Figure 2: a, b) which showed that the
left lobe of the liver was present in the left hypochondriac,
which did not contain the spleen tissue. As the right retroper-
itoneal, behind the liver and above the right ankle, two
changes of the correct crown shape, diameter 35mm and
33mm, dominantly benign, were seen as an anomalous posi-
tion of the spleen. A selective spleen scintigraphy (99mTc-
denaturated erythrocytes) at a given location showed a spleen
of the correct shape that intensely and relatively evenly con-
nected the radionuclide (Figure 3). Thus, the diagnosis of the
isolated fixed ectopic spleen of the preserved vitality was es-
tablished.

After that, the best therapeutic options for the girl were
considered - primarily, preventive splenopexy was recom-
mended. Given the occasional symptomatology, the pre-
served function and the apparently permanently fixed posi-
tion of the spleen in a new position, as well as the negative
attitude of the parents towards a surgical intervention, a more
conservative approach was selected, with the restriction of
more intense physical activity, which increases the risk of
traumatization of the spleen.

For more than 3 years of monitoring the girl was healthy,
without abdominal or hematologic symptomatology.



Figure 1 (a, b): Abdominal ultrasound recordings show that spleen tissue does not clearly
differentiate into the left hypochondriac, where normal liver signal is seen (a)
while two ovoid formations are visualized in the region of the right adrenal gland (b)
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o114 09:09:04 M9/11/14 09:11:27

Figure 2 (a, b): Transverse and sagittal MR section of the abdomen showing a blank left hypochondriac,
partly filled with the left lobe of the liver (a) and retroperitoneal and below the diaphragm,
above the upper pole of the right adrenal gland two circular changes diameter 33mm and 35mm,
which correspond to ectopic spleen (b)

Figure 3. Selective spleen scintigraphy (99mTc-denatured erythrocytes)
shows a spleen of regular shape, with intense and relatively evenly bound radionuclide,
located in the right hypochondriac, behind the right lobe of the liver and above the right adrenal gland.
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DISCUSSION

Wandering spleen in children is a condition that is rarely
displayed in the professional literature, (1, 2) where it is most
often talked about its congenital origin (4, 13, 20). Given the
early onset of symptoms, as is the case in our patient, asymp-
tomatic flow with occasional abdominal symptomatology
can be attributed to occasional torsion/detachment of liga-
ments and/or vascular spleen or spontaneous gastrointestinal
obstruction (19, 21, 22). An echosonographic examination
revealed the ectopic position of the spleen only after its per-
manent fixation in the new position (12, 23). Diagnostic pro-
cedures have met the criteria for diagnosing an isolated wan-
dering spleen (6, 9), since the situs inversus was excluded in
differential diagnosis (5, 9). Analyzing recommendations for
the treatment of wandering spleen in children who depend on
the severity of symptoms, detailed estimates of its location,
size, and functional status (18-20), we did not consider sple-
nectomy as it is recommended in acute cases or in cases of
hypersplenism (13-18). Considering the important hemato-
logical and immunological functions of the spleen at that age,
further treatment after splenectomy must be very careful (4,
6).
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ABSTRACT

A retinal detachment is the term used to describe detachment
of the neurosensory retina from the underlying membrane, the ret-
inal pigment epithelium (RPE). Rhegmatogenous detachments
are caused by a break in the retina through which fluid passes
from the vitreous cavity into the subretinal space. The incidence
of rhegmatogenous retinal detachment in the general population
in Europe is 1 in 10 000 persons per year. Danger is the greatest
in the age range from 55 to 70 years. Without treatment, blindness
in the affected eye may occur. Individual risks depend on the pres-
ence or absence of specific factors including myopia, positive
family anamnesis, retina rupture, trauma, ablation in the other
eye, ablation in a vitreous body, retina high-risk peripheral de-
generations and vitreoretinal degenerations. Majority of the un-
treated rhegmatogenous retina ablations progress to the subtotal
or total retinal detachment and blindness. This paper describes a
very rare case of the spontaneous complete reattachment of the
sensory retina to the retinal pigment epithelium in a patient with
the total rhegmatogenous retinal ablation in the right eye. The fe-
male patient, who was 52 years old, was examined by an Oph-
thalmologist after she had experienced a sudden loss of vision, 2
months before appointment. After a detailed ophthalmological ex-
amination, a total rhegmatogenous retinal ablation of the right
eye was diagnosed. The best corrected visual acuity, evaluated on
a Snellen chart, was 2/60. The patient was referred to a tertiary-
level Institution since a surgical intervention of the ablation was
needed. Due to technical inabilities in the above-mentioned Insti-
tution, the operation was not performed, and despite the recom-
mendation to perform the intervention in another tertiary level In-
stitution, the patient did not have ophthalmological examinations
during the following three months. During the next visit, the Oph-
thalmologist determined that there was a spontaneous retinal fix-
ation on the retinal pigment epithelium and a partial restoration
of the visual function of the affected eye which was evaluated at
0.5.

Keywords: retinal detachment, retinal breaks, spontaneous
resolution of retinal detachment

S sciendo

UDK: 617.735-007.281
Ser J Exp Clin Res 2021; 22 (3): 277-280
DOI: 10.2478/sjecr-2019-0017

Accepted/Prihvacen: 08.03.2019.
SAZETAK

Ablacija retine je termin koji se koristi za opisivanje razdva-
janja neurosenzorne retine od retinalnog pigmentnog epitela,
sloja koji se nalazi ispod nje. Regmatogene ablacije retine uzro-
kovane su prolaskom tecnosti iz vitrealne Supljine kroz rupturu na
retini u potencijalni subretinalni prostor izmedu senzorne retine i
retinalnog pigmentnog epitela. Ucestalost regmatogenih ablacija
retine u opstoj populaciji u Evropi iznosi 1 na 10000 stanovnika
godisnje. Rizik je najveéi u uzrastu od 55 do 70 godina. Bez lece-
nja moze da dovede do slepila na zahvac¢enom oku. Individualni
rizik zavisi od prisustva ili odsustva faktora kao sto su kratkovi-
dost, pozitivna porodicna anamneza, ruptura retine ili ablacija na
drugom oku, ablacija staklastog tela, trauma, periferne degene-
racije retine visokog rizika i vitreoretinalna degeneracija. Vecina
nelecenih regmatogenih ablacija retine napreduje do subtotalnog
ili totalnog odlubljenja retine i slepila. Prezentujemo veoma redak
slucaj potpunog spontanog naleganje senzorne retine na retinalni
pigmentni epitel kod pacijentkinje sa totalnom regmatogenom
ablacijom retine na desnom oku. Pacijentkinja starosti 52 godine,
2 meseca nakon naglo nastalog gubitka vida pregledana je od
strane oftalmologa. Prilikom detaljnog oftalmoloskog pregleda
dijagnostikovana je totalna regmatogena ablacija retine na
desnom oku. Najbolje korigovana vidna oStrina na zavnacenom
oku iznosila je 2/60 po Snelenovim tablicama. Upucena je U Sta-
novu tercijarnog nivoa zbog hirurskog lecenja ablacije. Zbog
tehnickih nemogucnosti u datoj ustanovi operacija nije obavijena
a uprkos preporuci da se tretman obavi u drugoj ustanovi terci-
jarnog tipa, pacijentikinja naredna 3 meseca nije odlazila na
oftalmoloske preglede. Pri ponovnom pregledu oftalmologa utvr-
deno je spontano naleganje retine na retinalni pigmentni epitel i
delimicna restitucija vidne funkcije na zahvacenom desnom oku
koja je iznosila 0.5.

Kljuéne reéi: ablacija retine, ruptura retine, spontana restitucija
ablacije retine
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INTRODUCTION

Retinal detachment is separation of the neurosensory ret-
ina from retinal pigment epithelium by subretinal fluid. Ret-
inal detachments are classified as: rhegmatogenous, trac-
tional and exudative. The most common are rhegmatogenous
retinal detachments (RRDs). They are caused by fluid pass-
ing from the vitreous cavity through a retinal break into the
potential epitelioretinal interspace between the sensory retina
and the retinal pigment epithelium (RPE). The incidence of
rhegmatogenous retinal detachment in the general population
in Europe is 1 in 10 000 persons per year. Danger is the great-
est within the age range 55-70. Without treatment, it may re-
sult in the blindness of the affected eye (1). A retinal break is
full-thickness defect in the neurosensory retina. Surgical
treatment of retinal detachments includes 3 approaches: 1)
scleral buckling, 2) vitrectomy and 3) pneumatic retinopexy.

A limited retinal detachment left untreated may follow
one of four potential outcomes:

1. Usually, most untreated clinical rhegmatogenous de-
tachments progress to near total or total detachment and
blindness.

2. Occasionally, the detachment indefinitely remains a
subtotal detachment with stable borders and the creation of
demarcation lines. This most commonly occurs with detach-
ments caused by inferior breaks, particularly small breaks or
dialyses.

3. Rarely, subretinal fluid settles inferiorly away from the
break due to a superior retinal break and the site of the origi-
nal break flattens.

4. Very rarely, spontaneous reattachment occurs and it is
usually associated with a very small break and excellent pre-
sumed “pumping” of the retinal pigment epithelium or clo-
sure of the break by the scar tissue (2).

CASE PRESENTATION

This paper presents the case of a female patient aged 52
who was admitted due to a sudden decay of vision which had
occurred two months earlier.

The patient had been treated for depression and hypothy-
roidism and was using the following therapy: Elorica
,Risperidone and Letrox tablets. The best corrected vision
acuity, evaluated on a Snellen chart, was 2/60 for the right
eye an 1.0 for the left eye. The intraoclular pressure was 14
mmHg in both eyes. The slit-lamp examination revealed the
presence of blurred type of tobacco dust in corpus vitreum.
Examination of the fundus confirmed the complete retinal de-
tachment with a huge retinal break in the upper temporal
guadrant. The examination of the left-eye fundus did not re-
veal any significant pathological changes. The patient was
emergently referred to a tertiary-level Institution for the sur-
gical treatment of the retinal detachment but she was not ad-
mitted due to technical inabilities of the Institution to perform
the surgical intervention needed to treat the ablation. The
next visit to the competent Ophthalmologist took place after
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3 months. On this occasion, the examination of the fundus
revealed that there was a total reattachment of the previously
detached retina to pigment epithelia with a huge U-shaped
rupture present in the upper temporal quadrant. In the lower
half of the retina, there was a diffuse retinal pigment alterna-
tion inside the sharply limited convex edge. The best cor-
rected visual acuity, evaluated on a Snellen chart, was 0.5 for
the right eye. The fundus photograph of the affected eye is
presented in the Figure 1.

Figure 1. Fundus photography. U-shaped rupture
in the upper temporal quadrant of the right eye

The Laser Photocoagulation (LCP) was conducted for the
rupture barrage and the entire peripheral retina circumfer-
ence. The following parameters were set: LCP spot diameter
at 200 pm, power at 280-300 mV, exposition time at 0.2 sec-
onds. Seven hundred spots were placed. Regular check-ups
were scheduled once a month. Fundus photography of both
eyes was conducted. It detected pigmented LPC spots,
through the entire circumference of the peripheral retina and
a large U-shaped rupture in the upper temporal quadrant of
the right eye (Figure 2).

Figure 2. Fundus photography. LPC spots, through the
entire circumference of the peripheral retina and a large U-
shaped rupture in the upper temporal quadrant
of the right eye




On a control check after 2 months, there was a decline in the
best corrected visual acuity which was 0.3 at this point. The
eye fundus examination revealed the Epiretinal Membrane
(ERM) in the macula area, whose presence was confirmed
with the Optical Coherence Tomography (OCT) (Figure 3).
The OCT findings for the left eye showed the regular mor-
phology of the macula. Computerized visual field was per-
formed for both eyes. The following values were determined:
MD -5.77 dB, PSD 4.43 dB for the right eye and MD -
2.38dB, PSD 3.89 dB for the left eye (Figure 4). After the
treatment and examination, the patient was referred to a ter-
tiary Institution where she was examined by a Vitreoretinal
Surgeon and continued her regular check-ups there.

Figure 3. OCT right eye. ERM

DISCUSSION

Spontaneous reattachment of retina after the total retina
ablation is a rare phenomenon. Only a few isolated examples
have been detected in the relevant references. Ryosuke Ochi
et al. described a case of spontaneous resolution of retina ab-
lation in 4-year-old boy with Coats disease four months after
the boy had been diagnosed with total retina ablation. The
authors suggested that the retina reattachment resulted from
a decline in the retina abnormal blood vessels permeability
and the good functional ability of the retinal pigmented epi-
thelium (3). The Retinal Pigment Epithelium (RPE) consist
of a single line of mononuclear hexagonal cells.

Figure 4. Computer visual field right eye
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Cells are interconnected with occludent bonds that pre-
vent the passage of water and ions. They form an external
hemato-ocular barrier. Roles of the RPE can be summarized
as follows: (1) the RPE cells are rich in mitochondria and
they actively participate in the oxidative metabolism because
they contain antioxidant enzymes, and thus reduce the for-
mation of free radicals that can damage lipid membranes, (2)
they form and maintain a photoreceptive matrix which is im-
portant for the retinal adhesion, (3) they participate in the pro-
duction of growth factors through which the RPE controls the
vascular endothelium, its permeability, recovery and prolif-
eration (reparative processes). The RPE also plays an im-
portant role in the transport of water and electrolytes since it
pumps the fluid from a retina to choruses against the strong
hydrostatic or osmotic pressure. RPE membranes contain se-
lective ionic channels and transfer systems for the transmis-
sion of ions, metabolites, glucose and amino acids. The so-
dium-potassium pump is active on the apical part of RPE
cells while the chlorine-bicarbonate exchange takes place at
the basal membrane of pigment cells. Thanks to these pumps,
water and ions are moving transcellularly. A good functional
ability of RPE results in maintaining the dryness of a sub-
retinal space (4). In 2012, an isolated case of a spontaneous
reattachment of ablated retina caused by a rupture was re-
ported. It had been diagnosed during the pregnancy and the
reattachment occurred after the delivery. In this particular
case, physiological changes induced during the delivery are
suspected to be a mechanism of the resolution of total retina
ablation which had occurred during the pregnancy (5). Dif-
fuse retinal pigment alterations inside the sharply limited
convex edge are the most common finding after the
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reattachment of an ablated retina in all cases described in the
current references. In 2015, a case of a 60-year-old man was
reported where the patient had a spontaneous reattachment of
retina, after rhegmatogenous ablation, with gradual correc-
tion of visual function and a fully restored retina (6). Song Ee
Chung et al. tried to explain mechanism of the Spontaneous
Reattachment of Rhegmatogenous Retinal Detachment
(SRRRD). Initially, both focal vitreoretinal adhesion and vit-
reoretinal traction induce a retinal break in the peripheral ret-
ina in an eye without a complete PVD. This is followed by
an influx of liquefied vitreous into the retinal break, consti-
tuting the development of retinal detachment. However, the
direction of vitreoretinal traction changes to parallel the ele-
vated retinal surface. Eventually, vitreoretinal traction is re-
lieved and the retinal break is closed by vitreous fibers run-
ning parallel to the retinal plane. As with the interruption of
fluid currents through the subretinal space, the SRRRD de-
velops, and the thin membrane proliferates over the retinal
break. They suspect that the proliferative membrane is a re-
sult from the fibroglial and retinal pigment epithelial hyper-
plasia (7). In 2007, Cho Hee Yoon et al. published an over-
view of fifteen suspected cases of spontaneous retina reat-
tachments after rhegmatogenous ablations which is a real rar-
ity in the current references. Examinations of these patients
had confirmed the presence of diffuse alternations in retinal
pigment inside the sharply limited convex edge. Lesions
were placed in the lower retina in ten out of fifteen patients,
limited to six or less hours. Changes on retina, associated
with rhegmatogenous ablation, were present on the other eye
in seven patients (8).

CONCLUSION

Spontaneous retina reattachment after a rhegmatogenous
ablation (SRRRD) is a rare event that involves the relief of
vitreoretinal traction, closure of retinal breaks, and reabsorp-
tion of subretinal fluid. Spontaneous retina reattachment after
a total rhegmatogenous ablation is a rare phenomenon which
must be taken into consideration in different diagnoses of the
patients diagnosed with the diffuse alternation of retinal pig-
ment inside the sharply limited convex edge in the fundus. In
addition, the findings of small retina ruptures in non-
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vitrectomized eye can be associated to the spontaneous retina
resolution after rhegmatogenous retina ablation.
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