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ABSTRACT

Bone atrophy of the alveolar process is an important
parameter in patients undergoing dental implants. There
are several methods for preserving the alveolar process,
with the autologous bone graft as the gold standard. Other
approaches include the use of allografts, xenografts and
synthetic bone grafts.

In recent years, the use of stem cells has increased in
importance. The most common type of stem cells used are
mesenchymal stem cells from various sources, including
bone marrow, adipose tissue and dental pulp. The discov-
ery of induced pluripotent stem cells and the continued
research on embryonic stem cells open new possibilities in
this field.

However, further research is needed to optimise protocols
for isolation, differentiation and transplantation of cells with
or without appropriate scaffolds, and to determine the cor-
rect clinical and therapeutic implications.

Keywords: alveolar process atrophy, bone grafts, scaf-
folds, stem cells.
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INTRODUCTION

Surgical repair of bone defects remains a major chal-
lenge for orthopaedic, reconstructive, dental and cranio-
facial surgeons, and usually occurs after a traumatic ex-
perience. The loss of bone can also occur from infection,
neoplasm and congenital disorders.

An important concern in dental medicine are defects
that materialise after tooth extraction. Tooth extraction is
one of the most common procedures, arising from several
conditions, such as severe tooth decay, fractures, periodon-
tal diseases and endodontic lesions. The periodontium is a
complex tissue composed mainly of periodontal ligament
tissue (PDL), gingival tissue, alveolar bone and cementum.
PDL has a deposit of somatic stem cells that could recon-
struct the periodontium, although its use in bone recon-

Accepted / Prihvacen: 30.01.2014.

SAZETAK

Atrofija alveolarnog nastavka vazan je parametar prilikom
planiranja postupka ugradnje stomatoloskih implantata. Po-
stoji vise nacina za ocuvanje alveolarnog nastavka, pri cemu
se autologni kostani graft smatra zlatnim standardom. Ostali
pristupi ocuvanja alveolarnog nastavka ukljucuju upotrebu
alograftova, ksenograftova i sintetickih kostanih graftova.

Poslednjih godina sve vise dobija na znacaju upotreba
maticnih Celija u ove svrhe. Najcesce koriséeni tip maticnih
Celija jesu mezenhimalne maticne Celije izolovane iz razlici-
tih izvora, kao Sto su kostana srz, masno tkivo i zubna pul-
pa. Otkrice indukovanih pluripotentnih maticnih Celija, kao
i dalja istraZivanja embrionalnih maticnih Celija, otvaraju
nove mogucnosti u ovoj oblasti.

Medutim, neophodna su dalja istrazivanja da bi se opti-
mizovali protokoli za izolaciju, diferencijaciju i transplataciju
maticnih Celija sa ili bez upotrebe odgovarajuéih skafolda i da
bi se utvrdile njihove tacne klinicke i terapijske indikacije.

Kljucne reci: atrofija alveolarnog nastavka, kostani
graftovi, skafold, maticne Celije.

struction is still the period under investigation. For suc-
cessful implant placement into sites with missing dental
units, adequate bone regeneration becomes vital in patient
management.

Alveolar process and dimensional changes of post-
extraction sockets

The main aim of management is to prevent alveolar
process atrophy, that can occur after tooth removal. This
atrophy starts developing during tooth eruption. The al-
veolar process supports the tooth socket and begins to re-
sorb following tooth loss [1]. The volume and shape of the
alveolar process is determined by the tooth formation, axis
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of eruption and eventual inclination [2]. From early stud-
ies by Amler et al., we have a detailed description of unas-
sisted histological healing of alveoli in healthy humans [3].
When a tooth is removed, a clot forms and is gradually re-
placed by granulation tissue in the base and the periphery
of the alveolus. After the first week, new bone formation
is evident, with the osteoid matrix at the alveolus base as
noncalcified bone spicules. In 38 days, this osteoid starts
to mineralise from the alveolus base in a coronal direction,
filling two-thirds of the alveoli. At this point, the first sign
of a progressive resorption of the alveolar crest occurs. This
process is followed by a continuous re-epithelialisation,
which completely covers the socket 6 weeks after extrac-
tion. After additional bone fill develops, a maximum radio-
graphic density is achieved around the hundredth day.

The usual outcome after tooth extraction includes is a
reduction in the dimensions of the socket due to patho-
logic and traumatic processes that damage the bone walls
of the socket. According to Araujo and Lindhe, notable
osteoclastic activity occurred during the first eight weeks
after tooth extraction, resulting in resorption of the crestal
regions of both the buccal and lingual bone walls [4]. If fi-
brous tissue invades the empty socket, normal healing and
osseous regeneration would be prevented, causing prob-
lems for future dental implants [5].

Alveolar process atrophy

Along with an incomplete healing of the socket, pro-
gressive bone resorption commences along the residual
alveolar process. A reduction in both horizontal and verti-
cal directions has been observed over a 12-month period,
with a predominant reduction occurring during the first 3
months. This continual resorption leads to a narrower and
shorter alveolar process [6]. Due to this effect, the alveolar
process makes a positional change to a more palatal/lingual
position. A study showed that the clinical loss in width (3.87
mm) is greater than the loss in height, as assessed both clini-
cally (1.67-2.03 mm) and radiographically (1.53 mm) [2].
With bone grafting techniques, the horizontal and vertical
dimensions of the alveolar process can be preserved.

While alveolar atrophy is not a concern for most dentist
and surgeons, knowledge about the healing process at the
extraction sites, including the change in contour, as caused
by bone resorption, is needed for treatment planning. In
an effort to restore aesthetics and mastication function,
procedures for bone regeneration by filling the extraction
sockets have been developed. This has resulted in a satis-
factory alveolar process height and width, thus providing
sufficient alveolar bone volume for dental implants.

BONE GRAFTS

During dental procedures, large bone defects can be
created, which can cause problems associated with aes-
thetics, function, the healing process, and even jaw bone

stability. The application of several materials to the area
around these bony defects aids bone regeneration and
eliminates the defects or limits their size. These materials
may also prove useful in the regeneration of periodontal
tissues, the filling of bone defects around an implant, and
the augmentation of a deficient alveolar ridge [7].

Bones can regenerate from bone grafts. Bone grafting
is a surgical procedure that replaces missing bone with
material from the patient’s own body, or from an artificial,
synthetic or natural substitute. As natural bone grows, the
graft material is usually completely replaced, resulting in a
fully integrated region of new bone. Clinical outcomes of
bone grafting depend on the bone defect and extension,
structural properties of the grafting material and the im-
munologic reaction of the host [8].

The bone grafts should be sterile, non-toxic, non-an-
tigenic, biocompatible and easy to use. Other important
properties of bone grafts include the following [9-12]:
1. Oosteointegration (This is the ability to chemically
bond to the surface of bone without an intervening layer
of fibrous tissue); 2. Osteoconduction (this is the ability
to support the growth of bones as a scaffold on which
bone cells can proliferate; osteoblasts from the margin of
defect are grafted and utilised as the bone graft material
as a framew ork upon which to spread and generate new
bone); 3. Oosteoinduction (This is the ability to induce
proliferation and differentiation of the MSCs from sur-
rounding tissues to an osteoblastic phenotype; Stimu-
lating the osteoprogenitor cells to differentiate into os-
teoblasts is needed, which begins the formation of new
bone); 4. osteopromotion (This is the enhancement of
osteoinduction without having any of the osteoinductive
properties); and 5. Osteogenesis (Tthe graft material is a
reservoir of MSCs and progenitor cells that can form new
bone). The interaction between the graft and the sur-
rounding host bone is very important and is the subject
of many researchers. Although some grafts will merely
act as space fillers, the ideal graft will be osseoconductive
and osseoinductive [13].

Bone formation is a complex process that begins with
the recruitment and proliferation of osteoprogenitor cells
that are then differentiated into osteoblasts, with subse-
quent osteoid formation and matrix mineralisation. Their
ability to attach to a scaffold surface is an important part
in the development of new tissue. An ideal bone graft aug-
ments this osseous healing by providing a cellular milieu
for new bone formation and a structural framework during
healing [14]. A bone graft should not support local patho-
gens or cross-infection and should be resorbable, micropo-
rous and easy to handle.

Cancellous grafts have the highest concentration of
osteogenic cells, and the particulate form of these grafts
has the greatest cell survival ability, due to better diffusion
and rapid revascularisation. These grafts must completely
undergo a two-phase mechanism of graft healing. Osteo-
blasts that survive transplantation proliferate and form
osteoid. This process is active in the first 2 to 4 weeks,



and the definitive amount of bone formed is related to the
quantity of osteoid formed in phase one. Phase two starts
at around the second week after grafting, and although it
peaks in intensity at approximately 4 to 6 weeks, it contin-
ues until the graft matures. The initiation of phase two is
marked by osteoclastic cell activity within the graft. Osteo-
clasts remove minerals, forming Howship’s lacunae along
the trabeculae. This resorptive process exposes the extra-
cellular matrix of the bone, which is the natural location of
the bone-inductive glycoprotein (BMP). Exposure of BMP
initiates an inductive process characterised by chemotax-
is of the mesenchymal stem cells, proliferation of cells in
response to mitogenic signals, and differentiation of cells
into osteoblasts. Inducible cell populations may be local or
distant from the graft site.

Examples of local cell populations that may contribute
to the graft include osteoprogenitor cells in the graft endos-
teum, stem cells of the transplanted marrow, or cells in the
cambium layer of adjacent periosteum. Additional induc-
ible pluripotent cells may arrive at the graft site with bud-
ding blood vessels. During phase two, there is progressive
osteoclastic resorption of phase one osteoid and nonviable
graft trabeculae. This continues to expose BMP, which
perpetuates the differentiation of osteoblasts, leading to
the formation of mature vascular osteocyte-rich bone [15].
Based on their bone of origin, grafts can be divided into
four categories: autografts, allografts, alloplastic grafts and
heterografts [16].

Autologous bone grafts (autografts)

The treatment of bone defects and preservation of the
socket include autografting and allografting cancellous
bone. The intraoral or extraoral autogenous bone graft is
readily available and is the first choice of bone grafting ma-
terial for many clinicians. Autologous bone grafting usu-
ally harvests bone from the non-essential bones, such as
the iliac crest, mandibular symphysis or anterior mandibu-
lar ramus, maxilla, cranium, tibial plateau and ribs. The
shape, form, and volume of the graft procured are linked
to the defect to be reconstructed. This is considered as a
gold standard. Essentially, this graft has less risk of graft
rejection or other immunological resistance, provides a
scaffold for osteoconduction, growth factors for osteoin-
duction and progenitor cells for osteogenesis, and permits
a fast angiogenic in-growth of vessels [17,18]. The main
advantages of autogenous bone graft are biocompatibility,
sterility and availability. However, there are several limita-
tions, including limited availability of bone, high surgery
cost and post-operational morbidity, such as blood loss,
wound complications and chronic pain.

All bones require blood supply in the transplanted
site. Depending on the transplant site and graft size, an
additional blood supply may be required. For these types
of grafts, the extraction of the periosteum parts and ac-
companying blood vessels with the donor bone is required.
This kind of graft is known as a free flap graft [8].

Allogenic bone grafts (allografts)

Allografts are an alternative to autografts. Different
sources for bone harvesting can be used, such as and in-
cludebone from living or post-mortem donors. The graft
may be fresh or fresh-frozen bone, freeze-dried allograft
(FDBA) or decalcified freeze-dried bone allograft (DFD-
BA) and is considered a good source of bone morphogenic
protein. The American Association of Tissue Bank stan-
dards require that all donors be screened, serologic tests be
performed, and all specimens be sterilised and verified by
culture prior to release [13].

The increasing number of grafting procedures and the
disadvantages of current autograft and allograft treatments
(limited graft quantity, risk of disease transmission) drive
the need for alternative methods to treat bone defects [19].

Synthetic bone graft (alloplastic grafts)

The use of synthetic bioactive bone substitute materials
is of increasing importance in modern dentistry, as alter-
natives to autogenous or allogenic bone grafts. Due to the
shortcomings of the decellularised, deproteinated, biologi-
cal materials, the quest for a synthetic material with many of
the properties of decalcified, decellularised bone has been
conducted. Its positive attributes include avoiding a second
surgical site with less risk for patient morbidity and minimal
risk of transplant rejection. Their physical properties can be
manipulated and may be used in combination with bone-
promoting molecules to enhance the effect [12, 20]. How-
ever, they possess only two properties of an ideal bone graft
material, osteointegration and osteoconduction. Most syn-
thetic bone grafts are biocompatible, show minimal fibrotic
reaction, undergo remodelling and have similar strength to
the cortical/cancellous bone being replaced.

Various alloplastic bone substitution materials of differ-
ent origins, chemical composition, and structural properties
have been investigated over the years. The materials com-
monly used are ceramics, polymers or composites. These al-
loplastic materials are either absorbable or non-absorbable
and are naturally derived or synthetically manufactured [21].
Various types of biomaterials (minerals and non-mineral
based materials and natural and artificial polymers) with
different characteristics have been used to study ossification
and bone formation. Calcium phosphate ceramics include a
variety of ceramics, such as hydroxyapatite, tricalcium phos-
phate, and calcium phosphate cement. These mentioned ce-
ramics have either excellent biocompatibility, bone bonding
or bone regeneration properties [22].

Xenogrograft (heterografts)

Xenografts or heterografts are bone grafts from a spe-
cies other than human, such as bovine bone, which can
be freeze-dried or demineralised and deproteinised. Xe-
nografts are usually only distributed as a calcified matrix.
Attempts at xenograft transplantation (the transmission
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of living organs, tissues, or cells from one species to an-
other) were first performed in the early twentieth century.
Today, the relative shortage of human organs and tissue
available for transplantation has amplified interest in xe-
nografts as alternatives to human-tissue transplants. Xe-
nografts are often used as scaffold and allow for ingrowth,
and sometimes replacement, by host tissue while providing
structural support for deficient tissue. Although the obvi-
ous advantage of xenotransplantation is the almost infinite
amount of nonhuman animal tissue that might be consid-
ered for transplantation, its major disadvantage is the risk
of cross-species disease transmission.

Of all the grafts, bone autografts give the best results.
However their use is limited because a second concurrent
surgical procedure is required. Therefore, the aforemen-
tioned synthetic substitute materials are used instead, and
bone regeneration in areas with large bone defects is sat-
isfactorily accomplished. Successful graft incorporation is
defined as the ability of the graft and surrounding tissues to
function and maintain mechanical integrity [8, 23].

STEM CELLS

One tissue engineering method proposes tissue regen-
eration with the help of molecules, cells or a combination
of these with biocompatible materials to ensure support
and enhance physiological healing processes. Tissue engi-
neering may provide functional substitutes for native tis-
sue to serve as grafts for implantation.

Cells are described as pluripotent if they can form all
the cell types of the adult organism. These cells are em-
bryonic stem (ES) cells and induced pluripotent stem (iPS)
cells. Multipotent stem cells can form all the differentiated
cell types of a given tissue, for example, mesenchymal stem
cells. In some cases, a tissue contains only one differenti-
ated lineage, and the stem cells that maintain the lineage
are described as unipotent, .for example, skin stem cells.

By definition, a stem cell is characterised by its ability
to self-renew and to differentiate along multiple lineage
pathways. Bone marrow contains a large population of
multipotent stem cells that are undifferentiated, which are
known as stromal cells or mesenchymal stem cells (MSCs).
They can be differentiated into several cell types, including
osteocytes, chondrocytes, adipocytes and hematopoietic-
supportive stroma cells. This ability has been well proven.
MSCs can be isolated from the bone marrow, cultured in
vitro and implanted into bone defects to repair bone loss.
These cells could be distinguished from the hematopoietic
elements in the marrow by their high adherence to the sub-
strate plastic in tissue culture flasks.

Historically, the use of MSCs in osteogenesis was initi-
ated by Friedenstein et al. in the 1970s [24, 25] and later
by Kuznetsov et al. in 1989 [26], who were among the first
researchers experimenting with MSCs transplantation be-
neath the renal capsule in mice and creating growths in
diffusion chambers iz vivo in monolayer culture. Kuznets-

ov et al. showed that bone formation was characterised
with lamellar, long trabeculae and abundant haematopoi-
esis. However, this study was limited to kidney transplants.
Goshima et al. (1991) postulated that a composite of MSCs
and ceramics, used as a delivery vehicles for these cells,
contributes to accelerated and massive osseous repair [27].
This was shown by harvesting bone marrow cells from rats
that were later introduced into tissue culture, and then the
cells were mitotically expanded, passaged and placed on
small cubes of porous calcium phosphate ceramics. These
samples were grafted in the subcutaneous sites of syngenic
rats. Bone formation was observed as early as 2 weeks. The
study concludes that while bone graft substitutes, such as
calcium phosphate ceramics, are biocompatible and osteo-
conductive, ceramics do not induce bone formation. Only
when such substitutes are combined with MSCs can bone
formation be observed in the pore regions of the ceramics,
in close association with the host vasculature. Kuznetsov et
al. (1997) extended the experimentations by showing that
individual human MSCs have osteogenic potential [28].
They transplanted human MSCs into the subcutaneous
space of immunodeficient mice within vehicles containing
hydroxyapatite-tricalcium phosphate ceramic and then
proved that after 8 weeks, the transplants derived their
bone from the human donor cells. Currently, this type of
experiment is regular procedure for evaluating the osteo-
genic potential of stem cells in vivo [29].

The characteristics of an optimal stem cell include the
following: no immunorejection, no graft-versus-host dis-
ease, no tumorigenicity, immediate availability, availability
in pertinent quantities, controlled cell proliferation rate,
predictable and consistent osteogenic potential, and con-
trolled integration into the surrounding tissue[10].

MSCs have been shown to heal bone defects in an auto-
loguous setting. Allogenic donor-derived MSCs present an
attractive alternative to using autologuous cells. By using
donor-derived cells, the need for harvesting and expanding
cells for each patient is eliminated. Because billions of cells
may be expanded from an individual donor, many devices
can be created from rigorously tested and qualified cells.
An allogenic MSC-based bone regeneration constructs for
the augmentation and repair of alveolar bone were devel-
oped by several researchers. As demonstrated by a long-
term study, the histological evaluation of grafts in human
mandibles after three years show that the regenerated
bone is qualitatively a compact type, rather than a cancel-
lous (spongy) type that is physiological for the area. This
was explained by the fact that grafted stem cells did not fol-
low the local signals of the surrounding spongy bone [30].
New research shows that low-intensity pulsed ultrasound
stimulation could be a positive influence on osteogenic
differentiation of the human alveolar bone-derived mes-
enchymal stem cells, that can be used in tooth tissue engi-
neering [31]. However, as some studies claim, researchers
with MSCs need to establish more predictable outcomes
and better long-term prognosis to be considered a first-
choice treatment [32-35].



An alternative to bone marrow-derived mesenchymal
stem cells are the periodontal ligament stem cells (PDLSc)
and the dental follicle cells (DFCs), which represent a new
approach in reconstructive dentistry for the treatment of
damaged periodontium. Restoration of lost periodontium
is a challenge because alveolar bone, cementum and peri-
odontal ligament need to be restored to their original form.
More research is needed to explore their true potential, al-
though some progress has been made by several research
groups [36-40].

THE IMPORTANCE OF SCAFFOLDS

The number of surgical procedures correcting bone
defects use autografts, allografts or metallic and ceramic
implants, each with its own drawbacks, including donor
site morbidity, pathogen transmission, and mismatch-
ing material properties with the native bone, respectively.
As an alternative to these procedures, tissue engineering
has emerged to create de novo tissue by growing cells on
three-dimensional (3D) scaffolding [41, 42]. Scaffolds play
an important role in dental regenerative medicine because
conventional tissue replacements, such as autografts and
allografts, have a variety of problems that cannot satisfy
high performance demands necessary for today’s patients.
Bone is a nanocomposite that consists of a protein-based
soft hydrogel template (collagen, non-collagenous proteins
(laminin, fibronectin, and vitronectin), water and hard in-
organic components (70% of the bone matrix is composed
of nanocrystalline hydroxyapatite). This self-assembled
nanostructured extracellular matrix (ECM) in bone closely
surrounds and affects the mesenchymal stem cells, osteo-
blasts, osteoclasts and fibroblast adhesion, proliferation
and differentiation [43].

Investigators are searching for the “ideal scaffold” to fa-
cilitate the growth, integration and differentiation of stem
cells [44]. The best scaffold for engineered tissue should be
the ECM of the target tissue in its native state because ECM
components specifically modulate MSC adhesion, migra-
tion, proliferation and osteogenic differentiation [45, 46].
Scaffolds are artificial structures that should mimic the mor-
phologic structures and function of the surrounding tissue.
Scaffolds allow cell attachment and migration, deliver and
retain cells and biochemical factors, enable diffusion of the
vital cell nutrients and expressed products [47].

Cell and tissue response to a scaffold depends upon the
composition of the scaffold, its surface microstructure, and
three-dimensional architecture. Scaffolds should provide
void volume for vascularisation and new tissue formation
during remodelling, provide the shape and mechanical sta-
bility to the tissue defect and provide rigidity and stiffness to
the engineered tissues [45]. Appropriate porosity and pore
structure is needed to accept and organise the types of cells
and tissues that regenerate [48]. Mechanical properties that
are appropriate for the cells and their macro- and microen-
vironments are also needed. The cellular microenvironment

at the interface between tissue and scaffold is extremely im-
portant and must be created to either recruit cells into the
scaffold or allow cells to be seeded or transplanted for repair.
Scaffolds allow cell attachment and migration, deliver and
retain cells and biochemical factors, enable diffusion of the
vital cell nutrients and expressed products, and should pro-
mote healing and should be easily fabricated [49-51].

Biocompatibility is of the utmost importance to pre-
vent adverse tissue reactions. Because the host cells will
interact with the scaffold, biodegradability is a must to
facilitate constructive remodelling, which is characterised
by scaffold degradation, cellular infiltration, vascularisa-
tion, differentiation and spatial organisation of the cells,
and replacement of the scaffold by the appropriate tissues
[52]. Material scientists can now fabricate biocompatible
scaffolds with a wide range of physical parameters, combin-
ing mechanical integrity with high porosity to promote cell
infiltration and angiogenesis. Currently proposed scaffolds
include those made of inorganic materials, organic or syn-
thetic polymers, or mixed materials (composite scaffolds).
These materials include natural polymers (collagen, chitin,
alginate), synthetic polymers (Polyglycolic acid (PGA), Poly
(lactic-co-glycolic acid) (PLGA), Poly (lactic acid) (PLA)),
metals (titanium, nitinol), and ceramics, such as calcium
phosphates (hydroxyapatite, tricalcium phosphate], calcium
sulphates, and biological glass [52, 53]. The biomaterials
need to be compatible with the biomolecules and amenable
to an encapsulation technique for controlled release of the
biomolecules with retained bioactivity [45]. Natural materi-
als offer a high degree of structural strength, are compatible
with cells and tissues and biodegradable, but are often dif-
ficult to process and afflicted with the risk of transmitting
animal-associated pathogens or provoking an immunore-
sponse. Synthetic polymers provide excellent chemical and
mechanical properties and allow greater control over the
physicochemical characteristics, such as molecular weight,
configuration of polymer chains, and the presence of func-
tional groups. Hydrogels offer numerous properties includ-
ing high biocompatibility, a tissue-like water content and
mechanical characteristics similar to those of native tissue.
An ideal scaffold should combine the best properties of each
of these groups of biomaterials [44, 54, 55].

Experiments with cell-free scaffolds are especially at-
tractive because they have an easier handling process
that eliminates the issues associated with the use of stem
cells, their expansion in vitro, storage and shelf-life, cost,
the immunoresponse of the host and transmission of dis-
eases [53, 56]. However there are some disadvantages in
this method: the cells may have low survival rates, the cells
might migrate to different locations within the body, lead-
ing to aberrant mineralisation patterns. A solution may be
to apply the cells together with a scaffold. This would help
to position and maintain cell localisation [53, 57].

The paradigm of bone tissue engineering procedures is
in the isolation and expansion of mesenchymal stem cells
(MSCs) from the patients and their seeding onto porous
biodegradable matrices, and scaffolds. Scaffold morphol-
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ogy, in terms of interconnectivity, pore-size and shape is
a crucial point for stem cell-biomaterial interaction. High
porosity and adequate pore-size are necessary properties
for increasing the surface area available for cell attachment
and tissue in-growth in order to facilitate the uniform dis-
tribution of cells and the adequate transport of nutrients.
Small pores on the macropore surface of the scaffolds may
also be helpful to improve the biological performance of
the porous scaffolds and promote more favourable biore-
sorption of the material [50, 58].

During the in vitro culture period, stem cells are gener-
ally exposed to signalling molecules (growth factors and
other osteoinductive molecules), supplied as soluble fac-
tors and/or released by the scaffold, to drive MSCs toward
the osteogenic lineage differentiation. This engineered tis-
sue is implanted into the damaged site to regenerate the
new bone as the scaffold degrades [59]. Implantation of in
vitro-expanded MSCs within the appropriate scaffold re-
sulted in bone regeneration in various animal models. The
supporting scaffold plays a very important part by provid-
ing an anchorage point for cells.

The use of scaffolds with different types of parti-
cles offers the advantage of perfectly adapting to the shape
of the defect without interfering with the vascularisation
process. Biological granular scaffolds can stimulate vascu-
larisation and tissue integration because of the appropriate
spaces between the particles of the inorganic material. Us-
ing granular material also accelerates the scaffold resorp-
tion process and the replacement of the inorganic material
with newly formed bone. Scaffolds containing crystalline
beta-tri-calcium phosphate have been proven to lack lo-
cal and systemic toxicity. Its granular consistency provide
an optimal osteoconductive environment for the develop-
ment of bone tissue. Tricalcium phosphate is extremely
hydrophilic, making it easily insertable inside the defect.
Tri calcium phosphate scaffolds ensure rapid resorption,
which is an advantage for small and medium size defects,
and they also release calcium and phosphate ions, assuring
rapid mineralisation of the newly formed tissue.

Porous ceramic scaffolds have already been noted as
the most suitable material for reproducing the structural
integrity of ossified tissues. When combined with the bio-
active attributes of calcium phosphate, hydroxyapatite,
bioactive glass, or other similar ceramics, the composite
material can support progenitor cells and mimic the natu-
ral characteristics of bone [52].

LATEST RESULTS AND ACHIEVEMENTS

The emerging field of regenerative medicine will re-
quire a reliable source of stem cells, biomaterial scaffolds
and cytokine growth factors. One study showed massive
bone formation when autologous mesenchymal stem cells
placed on TCP scaffolds were implanted in the alveolar
sockets on a rat animal model. This study used a large
number of osteoprogenitor cells on a scaffold, which has
proven to accelerate the osteogenesis process, and showed

that a concentration of 5x10* cells/ml can induce bone
formation, whereas a concentration of 0,5 - 1 x 10° cells/
ml did not show satisfactory results. The study concludes
that implantation of autologous mesenchymal stem cells
on specific scaffolds will augment bone repair [60]. New
studies have suggested that transplanted bone-marrow
derived MSCs can deliver new mitochondria to damaged
cells, thereby rescuing the aerobic metabolism [61].

Adipose tissue represents an alternative source of adult
stem cells with the ability to differentiate along multiple lin-
eage pathways. To identify this isolated, plastic-adherent,
multipotent cell population, these cells are called adipose-
derived stem cells (ASCs) according to the International
Fat Applied Technology Society. The evidence supporting
the claims that adipose tissue contains multipotent pro-
genitor cells start from an inborn metabolic error, the pro-
gressive osseous heteroplasia (POH), where ectopic bone
can be formed within the subcutaneous adipose layer of
the skin in children. Histological analysis shows the pres-
ence of osteoblasts, chondrocytes and adipocytes. This im-
plies that adipose-derived stem cell can differentiate along
adipogenic, chondrogenic and osteogenic lineages.

Adipose tissue derives from the mesodermal layer of
the embryo and develops both pre- and postnatally. Mac-
roscopically, at least 5 different types of adipose tissue ex-
ist: bone marrow, brown, mammary, mechanical and white
[62]. A study showed that in humans, subcutaneous white
adipose tissue in the arm had a greater number of stem
cells compared to the thigh, abdomen and breast [63]. The
ASCs maintain their telomere length with progressive pas-
sage in culture, however with prolonged passage for more
than 4 months, human ASCs can undergo malignant trans-
formation [64]. The greatest advantage of using ASCs is
that it can be obtained repeatedly in large quantities under
local anaesthesia with minimal patient discomfort.

Beside autologous ASCs, the use of allogeneic ASCs is
also important. Studies have demonstrated that the pas-
sage of human ASCs reduces the expression of surface his-
tocompatibility antigens and no longer stimulates a mixed
lymphocyte reaction when co-cultured with allogeneic pe-
ripheral blood monocytes [65, 66]. This profoundly affects
the field of regenerative medicine. A study showed that after
a 3 month healing period, the addition of ASCs to platelet-
rich plasma (PRP) enhanced the amount of n-ewly formed
dog alveolar bone [67], and other studies came to thesimilar
conclusions [68, 69]. One study compared the use of ASCs
and autogenous bone grafts in dogs, bone formation in the
maxillary alveolar cleft was higher in the autograft group
[70]. More long-term experiments examining the safety of
ASCs transplantation in appropriate animal models are re-
quired before advanced studies in patients.

Another potential source for tissue engineering is em-
bryonic stem cells (ESCs). They are harvested from the
inner cell mass of blastocysts. Their pluripotent charac-
teristics enable unlimited self-renewal and differentiation
into all cell types. A challenge that needs to be addressed
is their tumorigenic potential. Therefore, removing the re-
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maining undifferentiated ES cells from the newly formed
tissue before implantation is crucial. Further research is
needed to develop efficient methods to direct ES cells into
therapeutically desired cell lineages, such as osteoblast,
while eliminating the pluripotent cells.

The latest trend in tissue engineering is using nuclear
reprogramming to convert a somatic cell type into a differ-
ent, unrelated one through a switch of the gene expression
pattern, resulting in the generation of an embryonic stem
cell-like pluripotent cells by ectopic overexpression of only
four genes in human fibroblasts. These cells are called in-
duced pluripotent stem cells (iPSCs) [71-73]. This research
showed that somatic cells, such as fibroblasts or adipocytes,
can be directly converted to clinically relevant cell types
after ectopic delivery of factors which are involved in the
embryonic development of the targeted cell type. The as-
sumption is that factors responsible for the maintenance of
the pluripotent state in embryonic stem cells (ESCs) could
induce pluripotency in somatic cells after ectopic overex-
pression. Kazutoshi Takahashi and Shinya Yamanaka iden-
tified four factors Oct4, Sox2, KIf4 and c-Myc as being suf-
ficient to reprogram mouse embryonic fibroblasts (MEFs)
into a morphology highly comparable with embryonic stem
cells, which they named iPSCs [74]. iPSCs could maintain
their self-renewal when cultured under ESC conditions
and differentiate into cells of all three germ layers [75-77],
which proved that they are nearly indistinguishable from
ESCs. More recent investigations convincingly support the
osteogenic potential of hESCs and iPSCs in vivo [78, 79].
Arpornmaeklong and co-workers derived MSCs from the
hESC line BGO1, characterised by the expression of MSC-
specific surface antigens, and further differentiating them
into adipogenic, chondrogenic and osteogenic tissue [78].

Transplanting iPS cells uses the patient’s own cells,
eliminating the need for immunosuppression. Discovering
how the pluripotent state can be efficiently induced and
maintained by treating cells with pharmacologically active
compounds, rather than genetic manipulation, is an im-
portant goal [80].

As new surgical techniques develop for replacing non-
functional tissues or organs, the need for more artificial
means of organ transplants or tissue regeneration will arise.
A well-defined pathology, such as alveolar bone atrophy,
requires further advances in the field of bone regeneration
using stem cells to generate new tissue or regenerate re-
sidual tissue. Development in this field will benefit several
branches in medicine and dentistry. Techniques for im-
proved growth rate, extent and strength of n-ewly formed
bone must be developed in concordance with increased
clinical application. Most importantly, researchers need to
ensure that any tumorigenic potential is eliminated.

CONCLUSION AND FUTURE DIRECTIONS

Bone tissue engineering can overcome the drawbacks
of traditional bone graft materials and offers a novel way
for bone repair and regeneration. Scientists have been ac-

tively investigating the ideal cell source to regenerate and
repair bone for the last four decades. More than 300 ar-
ticles [81] on bone regeneration using stem cells in animal
models have been published. However, only a few studies
include human subjects [82]. MSCs derived from the adult
bone marrow provide an exciting and promising stem cell
population for bone repair. The disadvantages of MSCs
are the limited availability of cells for therapy and the non-
specific cell surface markers. Therefore, specific markers
need to be identified for easier detection in laboratories. E
SCs are also a potential source and have an additional ad-
vantage of unlimited division and pluripotency. However
a reproducible protocol to ensure that ESCs differentiate
into functional bone needs to be developed.

ESCs studies need to overcome ethical issues, immune
responses and tumorigenic potential. ESCs represent an
innovative treatment for many disease conditions, but still
require rigorous evaluation for use in clinical applications.
IPS cells are currently the most exciting and promising cell
population, with ASCs a close second. Both cells popula-
tions are at the apex of their popularity within the scientific
community, as a supply of readily available cells can truly
push the field of regenerative medicine. The field of regen-
erative medicine should not be entrenched in only stem
cells but also expand knowledge in the use of bone grafts
and scaffolds. This should be used in a complementary
way, if we strive for maximum results in the treatment of
diseases.
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ABSTRACT

Obesity and obesity-related disorders are strongly associ-
ated with a chronic low-grade inflammation that originates
from growing visceral adipose tissue during nutrient excess.
Although interleukin (IL)-33 may play a protective role in
obesity and atherosclerosis, the impact of the IL-33/ST2 axis
on metabolic disorders needs to be further elucidated.

In this study, we investigated the role of the IL-33/ST2
pathway in high-fat diet (HFD)-induced obesity using ST2-
deficient (ST27") and wild type BALB/c mice.

The deletion of ST2 enhanced systemic and visceral adi-
pose tissue (VAT) inflammation; ST27 mice that were fed a
HFD for 18 weeks had experienced a significantly increased
weight gain and had a higher amount of total VAT, More
classically activated M1 macrophages and markedly fewer
alternatively activated M2 macrophages were observed in
the VAT of the HFD-fed ST2” mice. Additionally, the VAT
of the HFD-fed ST2” mice had an increased percentage of
CD3* T cells but fewer CD4*CD25'FoxP3* T regulatory
cells when compared to the VAT of the low-fat diet-fed con-
trols. The numbers of CD3"IL-17" and IL-5 positive VAT-
derived mononuclear cells were significantly decreased in
the HFD-fed ST2" mice. Serum levels of the proinflamma-
tory cytokines IL-1B and IFN-y were increased in the HFD-
fed ST27 mice, while the levels of IL-6 and CRP did not
differ among the groups. Importantly, the levels of the anti-
inflammatory cytokines IL-10 and IL-13 were significantly
lower in the sera of the ST2”- mice than the levelsin the sera
of the wild-type controls.

Our findings suggest a protective role of IL33/ST?2 signal-
ling in high-fat diet-induced adipose tissue inflammation.
ST2 deficiency related to nutrient excess is associated with
the polarisation of macrophages toward the M1 phenotype
and the induction of a Thl-mediated immune response.

Key words: obesity, adipose tissue, inflammation, cytok-
ines, macrophages
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SAZETAK

U osnovipatogeneze gojaznosti i metabolickih poremelaja
povezanih sa gojaznoséu je hronicna sistemska inflamacija
niskog stepena koja nastaje u visceralnom adipoznom tkivu
(VAT) u uslovima poveéanog unosa nutrijenata. Iako re-
zultati dosadasnjih istraZivanja ukazuju na moguéu pro-
tektivnu ulogu IL-33 u nastanku gojaznosti i ateroskleroze,
uloga IL-33/ST2 signalnog puta u patogenezi ovih bolesti je
nedovoljno razjasnjena.

U ovom istrazivanju ispitivali smo ulogu IL-33/ST2 sig-
nalnog puta u misjem modelu gojaznosti indukovane pri-
menom dijete sa visokim sadrzajem masti u ST2 deficijent-
nih i misevima divljeg soja BALB/c.

Delecija gena za ST2 promovise sistemsku inflamaciju i infla-
maciju u VAT-u $to se ogleda u porastu telesne mase i uveéanju
koli¢ine VAT-a tokom 18 nedelja primene dijete sa visokim
sadrzajem masti. Proinflamatorni milje u VAT-u ST2" miSeva
na ishrani bogatoj mastima karakterise povecana zastupljenost
klasi¢no aktiviranih M1 makrofaga, uz smanjeno prisustvo al-
ternativno aktiviranih M2 makrofaga. Pored toga, dijeta sa vi-
sokim sadrZajem masti znacajno je uticala na povelanje zastu-
pljenosti CD3" T limfocita, dok je prisustvo CD4*CD25*FoxP3"
regulatornih T limfocita bilo znacajno snizeno u VAT-u ST2”
miseva u odnosu na ST2 miseve na dijeti sa niskim sadrzajem
masti. Ucestalost CD3*IL-17* i IL-5 pozitivnih mononuklearnih
Celija je bila znacajno smanjena u VAT-u gojaznih ST2”" miseva.
ILako nije bilo razlike u serumskim nivoima IL-6 i CRP-a, koncen-
tracija proinflamatornih citokina IL-1f3 i IEN-y je bila poveéana
u gojaznih ST2” miseva. Vazno je istaci da su serumski nivoi an-
ti-inflamatornih citokina, IL-10 i IL-13, bili nizi u ST2” miseva
u poredenju sa misevima divijeg soja.

Rezultati studije ukazuju na protektivau ulogu IL-33/
ST2 signalnog puta u pokretanju inflamacije u VAT-u nakon
primene dijete sa visokim sadrzajem masti, koju karakterise
polarizacija makrofaga u pravcu M1 fenotipa i indukcija
Th1 imunskog odgovora.

Kljucne reci: gojaznost, adipozno tkivo, inflamacija,
citokini, makrofagi
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ABBREVIATIONS

BSA-bovine serum albumin
CRP-C reactive protein
CD-cluster of differentiation
FBS-foetal bovine serum
FoxP3- forkhead box P3
HFD-high-fat diet
IL-interleukin

LFD-low-fat diet

NKT-natural killer T cells
PBS-phosphate-buffered saline
Th-T helper cells
TNF-a-tumour necrosis factor-a
WT- wild-type

VAT -visceral adipose tissue

IFN-y-interferon-y

INTRODUCTION

The complex pathogenesis of obesity and obesity-re-
lated metabolic disorders are strongly associated with a
chronic low-grade inflammation that is characterizised by
an increased recruitment of immune cells into the visceral
adipose tissue (VAT) [1]. Adipocytes are believed to play a
central role in the initiation of the inflammatory response
in response to metabolic danger signals during increased
caloric intake [2]. The expanding adipose tissue found in
obese individuals is predominantly infiltrated with IFN-y-
producing Thl and NKT cells, followed by an enhanced
recruitment of classically activated M1 macrophages with
a related decrease in the presence of alternatively activat-
ed M2 macrophages [3-6]. Activated macrophages pro-
duce pro-inflammatory cytokines, such as IL-1f3, IL-6 and
TNF-a, which contribute to systemic inflammation and
negatively impact insulin sensitivity [7]. This proinflam-
matory milieu resulting from nutrient excess is addition-
ally characterised by a significantly decreased presence of
immunosuppressive regulatory T cells in the visceral adi-
pose tissue [8].

IL-33 is a newly identified member of the IL-1 cytokine
family, which includes IL-1 and IL-18 [9]. Several lines of
evidence suggest that IL.-33 is a pleiotropic cytokine that
signals through its receptor ST2 to orchestrate the innate
and acquired immune responses [10]. Although IL-33 is
primarily involved in the induction of Th2-type responses
and can act directly on Th2 cells to increase the secretion
of Th2 cytokines, such as IL-5 and IL-13, IL-33 can also
promote Thl-type responses under certain conditions
[11,12]. Additionally, IL-33 induces the production of pro-
inflammatory cytokines and chemokines by mast cells and
eosinophils and amplifies the polarisation of alternatively
activated M2 macrophages [13].

IL-33 is a multifunctional cytokine involved in the
pathogenesis of not only different inflammatory and auto-
immune diseases, as well as in the pathogenesis of carcino-
genesis [14-17]. Although IL-33 may play a protective role
in obesity and atherosclerosis [18,19], the contribution of
the IL-33/ST2 axis in metabolic disorders needs to be fur-
ther elucidated. Aware that the BALB/c mice are relatively
resistant to HFDhigh-fat diet (HFD)-induced obesity, we
investigated the role of ST2 in HFD-induced obesity using
ST2 deficient (ST27") and wild-type BALB/c mice.

MATERIAL AND METHODS

Animals

Six-week-old, male ST2 deficient (ST27) and corre-
sponding wild-type (WT) BALB/c mice were fed either a
high-fat diet (HFD with 60% fat, obtained from Mucedola,
Milan, Italy) or a low-fat diet (LFD with 3% fat, obtained
from Mucedola, Milan, Italy) and were given free access to
food and water. After 18 weeks on the specific diets, the ani-
mals were sacrificed, and the targeted tissues were collected
for further examination. Blood collected from the abdomi-
nal aorta was centrifuged, and the isolated sera were stored
at -20°C until further analysis. All animal procedures were
approved by the Ethical Committee of the Faculty of Medi-
cal Sciences at the University of Kragujevac.

Metabolic parameters

Body weight and fasting blood glucose levels were mea-
sured every second week of the month. To evaluate fort-
est for glycaemia, whole blood was collected via tail vein
puncture and assessed using the Accu-Chek glucometer
(Roche Diagnostics, Mannheim, Germany). The total vis-
ceral adipose tissue was isolated from the peritoneal cavity
and measured after sacrifice.

Isolation of mononuclear cells from

the visceral adipose tissue

The visceral adipose tissue was minced and washed twice
in PBS containing 10% FBS. The tissue was then digested
with 1 mg/ml collagenase type II (Sigma-Aldrich, St. Louis,
MO, USA) in PBS containing 2% BSA for 1 h at 37°C with
vigorous shaking. The digested tissue was passed through
a 40 pm nylon cell strainer (BD Biosciences, San Jose, CA,
USA), and the red blood cells were lysed using an erythro-
cyte lysis buffer. The isolated cells were then washed twice
and resuspended in a RPMI cell medium (Sigma-Aldrich)
containing 10% FBS for flow cytometric analysis.

Flow cytometry

The cells were labelled with the following fluorochrome-
conjugated monoclonal antibodies: anti-mouse CD3, CD4,
IL-17, IL-5, CD25, FoxP3, F4/80, CD206 and CD11c (all
from BD Biosciences). For intracellular staining, the cells
were activated using PMA (50 ng/ml) and ionomycin (500
ng/ml) (Sigma-Aldrich) with GolgyStop (BD Biosciences)



for 5 h at 37°C and then stained with the fluorochrome-
conjugated antibodies using the Cytofix/Cytoperm kit (BD
Biosciences) according to the manufacturer’s protocol. The
cells were analysed using a FACS Calibur flow cytometer
(BD Biosciences), and the analysis was conducted with the
Flow]Jo software (Tree Star).

Serum cytokines measurement

The sera were assayed for CRP, IL-1f, IL-6, IFN-y, IL-
10 and IL-13 using highly sensitive enzyme-linked immu-
nosorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN, USA) that were specific for these mouse cytokines;
the kits were used in accordance with the manufacturer’s
instructions.

Statistical analysis

All data are presented as the mean + SE. The data were
analysed with the statistical package SPSS, version 13, by
using either a two-tailed Student’s t-test or the nonpara-
metric Mann-Whitney test, where appropriate. The results
were considered significantly different when p<0.05.

Figure 1. Increased visceral adiposity in HFD-fed ST2 deficient mice. A.
Total weight gain was individually determined for each mouse after 18
weeks on the specific diet regimens. B. Total visceral adipose tissue was
excised and measured after sacrifice, which occurred 18 weeks after the
mice began the specific diet regimens. C. Representative photographs of
isolated visceral adipose tissue after sacrifice. The data are presented as
the mean + SE. Statistical significance was determined at *p<0.05.

RESULTS

Deletion of ST2 accelerates HFD-induced adiposity

After 18 weeks on the specific diets, we observed a sig-
nificant weight gain in the HFD-fed ST2”" mice compared
to the WT mice on both diet regimes. Total weight gain was
determined as the difference in body weight of each mouse
after 18 weeks on a specific diet and the body weight mea-
sured on day 0. The body weight did not differ among the
groups on day 0 (data not shown). Our data showed that the
HED-fed ST2 deficient mice had a significantly increased
total weight gain during the 18 weeks when compared to
both the HFD-fed and the LFD-fed WT mice (Figure 1A).
We also observed a significantly larger amount of total vis-
ceral adipose tissue in the HFD-fed ST2”- mice than in the
corresponding WT animals (Figure 1B, 1C). At the same
time, the amount of total visceral adipose tissue isolated
from the LFD-fed ST2 deficient mice was significantly
higher than that isolated from the LFD-fed WT mice, indi-
cating the relevance of the ST2 molecule in the expansion
of the visceral adipose tissue (Figure 1B, 1C).

The adipose tissue of obese ST2” mice have an in-
creased percentage of CD3* T cells, fewer CD3*IL-17* and
IL-5 expressing mononuclear cells and decreased regula-
tory T cells than the adipose tissue of ST2”- lean mice

Flow cytometric analysis of mononuclear cells isolated
from the visceral adipose tissue showed that the HFD in-
creased the infiltration of CD3" T cells into the visceral adi-
pose tissue of the ST2 deficient mice, and these cells expressed
lower levels of IL-17 than those of the HFD-fed W'T mice and

Figure 2. A higher percentage of T cells and a decreased presence
of IL-17-producing CD3+ cells, IL-5-positive mononuclear cells
and regulatory T cells in the VAT of HFD-fed ST2-/- mice. Mono-
nuclear cells isolated from visceral adipose tissue were labelled with
fluorochrome-conjugated anti-mouse antibodies and analysed with flow
cytometry. The presence of different cell phenotypes was determined as a
percentage of the gated mononuclear cells. The data are presented as the
mean + SE. Statistical significance was determined at *p<0.05.
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Figure 3. A decreased percentage of alternatively activated M2 mac-
rophages in the HFD-fed ST2-/- mice. The frequencies of different cell
phenotypes are presented as percentages of the gated mononuclear cells
isolated from visceral adipose tissue using a collagenase digestion protocol.
The isolated cells were labelled with fluorochrome-conjugated anti-mouse
antibodies and analysed using flow cytometry. The data are presented as
the mean + SE. Statistical significance was determined at *p<0.05.

the LFD-fed ST27 mice (Figure 2A). The number of IL-5-
producing mononuclear cells was significantly decreased in
the visceral adipose tissue of the HFD-fed ST2 7~ mice com-
pared to the number in the corresponding WT animals (Fig-
ure 2B). The presence of CD4*CD25'FoxP3* regulatory T
cells in the visceral adipose tissue was significantly reduced in
the ST2 deficient mice after HFD feeding (Figure 2C).

Figure 4. Increased levels of the proinflammatory cytokines IL-f and
IFN-y and decreased levels of the anti-inflammatory cytokines IL-13
and IL-10 in the sera of obese ST2 deficient mice. The levels of cytokines
in the serum were measured for each mouse after 18 weeks on the differ-
ent diet regimens using specific ELISA tests. The data are presented as the
mean + SE. Statistical significance was determined at *p<0.05.

Markedly reduced alter-
natively activated M2 mac-
rophages in the VAT of obese

ST2/-mice
To  further understand
obesity-related inflamma-

tion in the studied mice after
18 weeks, we investigated the
recruitment of macrophages
into the visceral adipose tissue
and analysed their phenotypes.
The number of the proinflam-
matory F4/80*CD11c*CD206*
macrophages was significantly
increased in the HFD-fed ST2
deficient mice when compared
withto the LFD-fed WT mice (Figure 3A), but this num-
ber was not increased compared to the other experimen-
tal groups. However, the number of alternatively activated
F4/80*CD11c¢CD206* M2 macrophages was markedly re-
duced in the visceral adipose tissue of the HFD-fed ST2"
mice in comparison with both the diet-matched WT ani-
mals and the LFD-fed WT mice (Figure 3B).

Obese ST2”/-mice have increased serum levels of the
proinflammatory IL-1p and IFN-y and lower levels of
the anti-inflammatory IL-13 and IL-10

The systemic inflammatory profile of the experimental
mice was evaluated by measuring the serum cytokine lev-

els. After 18 weeks on a HFD,
the ST2 deficient mice had ex-
hibited markedly elevated lev-
els of the proinflammatory cy-
tokine IL-1p than compared to
the diet-matched WT mice and
the LFD-fed mice of both geno-
types (Figure 4A). At the same
time, we did not observe any
difference in the serum levels
of the C-reactive protein (CRP)
and IL-6 among the experimen-
tal groups (Figure 4B). Howev-
er, the serum level of IFN-y was
significantly increased in the
HFD-fed ST2”- mice thancom-
pared to in the corresponding
WT mice (Figure 4C). After
18 weeks on the specific diet,
both the ST2 deficient mice on
the HFD and LFD had a sig-
nificantly lower systemic lev-
els of IL-13 when compared to
the WT mice on the respective
diets; additionally, both the HDF-fed and LDF-fed ST2
deficient mice exhibited decreased production of the anti-
inflammatory IL-10 than compared to the LFD-fed WT
mice (Figure 4D).
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DISCUSSION

In this study, we showed that the ablation of ST2 en-
hances the visceral adiposity of HFD-fed mice, as indicated
by a significant increase in weight and a growing amount
of visceral adipose tissue. The amount of VAT was signifi-
cantly increased in both the HFD-fed ST2”" mice and the
LFD-fed ST2” mice compared to their diet-matched WT
counterparts. The enhanced adiposity of the ST2 deficient
mice was characterised by an increased presence of CD3* T
cells, which is in line with previously reported data showing
that the infiltration of T cells into the visceral adipose tis-
sue and their polarisation toward a Th1 phenotype played
a crucial role in high-fat diet-induced obesity [3,20]. The
induction of Th2 cytokine production is a well-established
result of the interaction between IL-33 and the ST2 recep-
tor [11]. Multiple cell types, including the adipocytes in the
visceral adipose tissue, can most likely produce IL-33, re-
sulting into the maintenance of tissue homeostasis by pro-
moting a Th2 immune response and the production of Th2
cytokines, such as IL-4, IL-5 and IL-13 [21]. According to
those findings, a HFD resulted in a significantly decreased
the percentage of IL-5 positive mononuclear cells in the
VAT of ST2-deficient mice compared to the HFD-fed WT
mice. Interestingly, our data showed a significantly lower
incidence of IL-17-producing CD3* cells in the HFD-fed
ST2 knockout mice in contrast to the corresponding WT
mice and the LFD-fed ST2 deficient mice. Although there
is evidence that IL-17 may be a negative regulator of adi-
pose tissue inflammation [22], the decreased expression of
IL-17 could be related to the enhanced Thl immune re-
sponse duringin obesity [23].

There is evidence that regulatory T cells play an important
role in the maintenance of adipose tissue homeostasis and
glucose sensitivity [24]. During diet-induced inflammation,
the presence of T regulatory cells in the visceral adipose tissue
decreases [8], which is in line with our findings that a HFD
significantly reduced the incidence of CD4*CD25'FoxP3*
regulatory T cells in the ST2 deficient mice.

The polarizisation of infiltrated macrophages to-
ward the classically activated M1 phenotype and a sig-
nificant reduction in the amount of alternatively acti-
vated M2 macrophages is the mechanism underlies the
diet-induced inflammation in the visceral adipose tissue
[6]. However, IL-33 promotes the phenotypic switch of
macrophages to an M2 phenotype during in obesity [18].
We found that the lack of the IL-33 receptor ST2 expres-
sion is correlated with the markedly increased presence
of the F4/80*CD11c*CD206* M1 macrophages in the vis-
ceral adipose tissue of the HFD-fed mice. These M1 mac-
rophages were recently described as the proinflammatory
cell subset present duringin diet-induced obesity [25]. At
the same time, we found a significantly decreased inci-
dence of the alternatively activated F4/80*CD11c CD206*
M2 macrophages, which is in line with a previous report
related to the phenotypic switch of macrophages in diet-
induced obesity in mice [26].

Accelerated HFD-induced adiposity in the absence
of ST2 was associated with increased systemic levels of
proinflammatory cytokines, such as IL-1p and IL-6 [7],
and decreased levels of the anti-inflammatory cytokines
IL-13 and IL-10 [27, 28]. Although we did not find any dif-
ferences in the production of IL-6 and CRP between the
experimental groups, the systemic level of the proinflam-
matory IL-1p was significantly increased in the HFD-fed
ST2 deficient mice than in the other experimental groups.
In the absence of IL33/ST2 signalling, we observed signifi-
cantly decreased levels of the anti-inflammatory cytokines
IL-13 and IL-10, which were strongly correlated with the
enhanced obesity in the ST2 deficient mice.

CONCLUSIONS

These findings suggest that IL33/ST2 signalling plays
an important protective role in high-fat diet-induced adi-
pose tissue inflammation and could be of therapeutic rel-
evance.
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ABSTRACT

Although the relationship between exercise and oxidative
stress has been intensively investigated for over 3 decades,
there remains a lack of empirical data on exercise-induced
oxidative stress in athletes engaged. in sporting games, spe-
cifically among the population of elite female athletes. Blood
samples were taken from female handball players on the
Serbian U20 national team at the beginning and end of a
one-month preparatory training period, as well as immedi-
ately before and after acute treadmill exercise. Levels of su-
peroxide anion radical, hydrogen peroxide, nitric oxide and
lipid peroxidation were measured in plasma samples, while
levels of reduced glutathione and the activity of superoxide
dismutase and catalase were measured in erythrocytes. Both
experimental protocols demonstrated significant increases in
plasma levels of hydrogen peroxide and decreases in super-
oxide dismutase activity in erythrocytes. Despite the increase
in plasma levels of hydrogen peroxide after both the treadmill
exercise and the one-month training period, the levels of the
two antioxidants responsible for eliminating H,O, hydrogen
peroxide were not significantly different, as may be expected.
Moreover, the marker of lipid peroxidation, TBARS, was not
significantly increased. These findings suggest that the first
line of antioxidative defence was effective in the prevention of
oxidative stress among young female handball players.

Keywords: oxidative stress, redox balance, handball,
training, treadmill
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SAZETAK

lako se veza izmedu vezbanja i oksidativnog stresa inten-
zivno istrazuje vec vise od 3 decenije, jos uvek postoji nedo-
voljno naucnih informacija o vezbanjem-izazvanom oksida-
tivnom stresu kod sportista koji se bave sportskim igrama, a
narocito u populaciji Zena vrhunskih sportistkinja. Rukome-
tasicama reprezentacije Srbije do 20 godina uzeti su uzorci
venske krvi na pocetku i kraju jednomesecnog pripremnog
perioda, kao i neposredno pre i nakon akutnog vezbanja.
Nivoi superoksid anjon radikala, vodonik peroksida, azot
monoksida i lipidne peroksidacije mereni su u plazmi, dok
su nivoi redukovanog glutationa, i aktivnost superoksid di-
smutaze i katalaze mereni u eritrocitima. I akutno vezbanje
i jednomesecni trenazni period doveli su do znacajnog po-
rasta nivoa vodonik peroksida u plazmi i snizene aktivnosti
superoksid dismutase u eritrocitima. Bez obzira na poveca-
nje nivoa vodonik peroksida i nakon jednokratnog vezbanja
i nakon trenaznog procesa, ni u jednom slucaju nije doslo
do promene nivoa ostalih antioksidanata, kao sto bi se mo-
glo ocekivati. Takode, povecan nivo vodonik peroksida nije
imao za posledicu povecanje nivoa lipidne peroksidacije ni
u jednom slucaju. To ukazuje na mogucnost da je prva linija
antioksidativne odbrane bila dovoljna da zastiti organizam
mladih rukometasica od oksidativnog stresa.

Kljucne reci: oksidativni stres, redoks ravnoteza, ruko-
met, trening, tredmil

ABBREVIATIONS

ADS - antioxidative defence system;
CAT - catalase;

GSH - reduced glutathione;

RBC:s - red blood cells;

RONS - reactive oxygen and nitrogen species;
SOD - superoxide dismutase;

TBARS - thiobarbituric acid reactive substances;
VO, max - maximal oxygen consumption.

UDK: 616-008.9:[577.344:546.21 ; 616-008.9:796.322.015 / Ser ] Exp Clin Res 2013; 14 (4): 161-168
DOI: 10.5937/SJECR4515

Correspondence to: Dusica Djordjevic, Assistant Professor of Methodology of Anthropometry
Faculty of Medical Sciences, University of Kragujevac, Svetozara Markovica 69, 34000 Kragujevac, Republic of Serbia
Tel. +381 69 877 66 69, E-mail:dusicadjordjevickg@gmail.com



162

*

During exercise, the several-fold rise of energetic needs
and oxygen consumption may induce increased production
of reactive oxygen and nitrogen species (RONS) and pos-
sible disruption of the redox state, i.e., oxidative stress [1].
The first study of the relationship between exercise and
oxidative stress was performed in 1978 by Dillard and col-
leagues [2] and demonstrated that acute aerobic exercise
increases lipid peroxidation, which may be mediated by
vitamin E consumption. Although intensively researched
during the following decades, there is a dearth of scientific
data describing exercise-induced oxidative stress, especially
among athletes partaking in sporting games such as hand-
ball [3]. Recently published studies showed that handball
players have significantly higher superoxide dismutase ac-
tivity [3, 4], higher levels of reduced glutathione and nitric
oxide, and lower levels of lipid peroxidation compared to
non-athletes [3], while catalase activity was in one study
higher [4] and in another lower [3] than in controls. An-
other study showed that nonspecific intensive activity, such
as maximal progressive tests on a cycle ergometer, induced
oxidative stress in young handball players [5]. Conversely,
after standard handball training, there were no signifi-
cant changes to pro/antioxidants except for the activity of
superoxide dismutase, which suggests that the first line of
antioxidant defence was sufficient in preventing oxidative
stress [5]. It was also shown that participation in a handball
match [6], as well as creatine supplementation in combina-
tion with specific endurance training [7], induced the dis-
turbance of the redox state in handball players. Monitor-
ing the redox states of players during the handball season
showed increased parameters of oxidative stress in plasma
and decreased parameters in erythrocytes during periods
of intensive training and competitions [8].

Furthermore, despite hundreds of papers on the effects of
exercise on the redox state, there is a lack of studies investigat-
ing this relationship in women. The reason for the dispropor-
tionate number of studies on exercise-induced oxidative stress
in men and women may be due to the complexity of research
and interpretation of the redox state due to the hormonal char-
acteristics of women, which may influence the results. Recent
studies [9, 10] concluded that elite female football players have
efficient and well-regulated antioxidative defence systems
(ADS), both endogenous and exogenous, because increased
levels of oxidised glutathione in plasma samples taken imme-
diately after a match did not influence the level of lipid per-
oxidation. Another study of female football players confirmed
that adequate nutrition improves ADS by affecting the activ-
ity of primary antioxidative enzymes, such as superoxide dis-
mutase and glutathione peroxidase [11]. However, intensified
training and matches during the competitive season resulted
in increased lipid peroxidation and protein oxidation index
among elite female water polo players [12].

The aim of this study was to assess the redox state of
young, elite female handball players after both acute exer-
cise sessions and intensive training periods.

INTRODUCTION

MATERIALS AND METHODS
Subjects

This research was carried out among a group of 20 fe-
male handball players on the young Serbian national team,
which took 4" place in the European U20 handball cham-
pionship in 2011 and 4" place on the World U20 handball
championship in 2012.

All participants were healthy, used no medications or
supplements before the beginning of the study, and were
non-smokers. Participants were asked to abstain from
heavy physical activity 24 h before the test and not to con-
sume alcohol 48 h before the test.

All participants, and their parents if they were younger
than 18 years of age, provided written informed consent.
The study was performed in accordance with the Helsinki
Declaration and was approved by the ethical committee
of The Faculty of Medical Sciences, University of Kragu-
jevac.

Protocol

The study was performed during the preparatory pe-
riod for the 2012 World U20 handball championship. At
the beginning of the preparatory period, all players were
evaluated in The Republic Institute for Sports by medi-
cal examination and motoric and psychological testing.
Acute effects of exercise on oxidative stress markers were
assessed by taking a blood sample immediately before and
after maximal progressive exercise tests on a treadmill,
which were performed to assess the maximal oxygen con-
sumption of players. The effects of the one-month training
program were assessed by taking a morning (basal) blood
sample at the beginning and the end of the one-month
preparatory period.

Anthropometrical measurement

Body composition was measured using an appara-
tus for bioelectrical impedance analysis, the In Body 720
(Biospace, Korea), whose validity has been previously con-
firmed [13]. Measurement was performed according to the
manufacturer’s instructions. Body weight was measured
with an accuracy within 0.1 kg, and body fat was measured
with an accuracy of 0.1%. Body height was measured by
means of an anthropometer (GPM, Switzerland), and the
measurements were accurate within 0.1 cm.

Exercise testing

Maximal progressive exercise testing was performed on
a treadmill (T 200, Cosmed, Italy), according to the modi-
fied Ellestad Memorial Hospital B protocol [14] presented
in Table 1. The maximal oxygen consumption (VO,max)
was assessed through usage of an automated metabolic
cart (Quark b2, Cosmed, Italy). The participants stated
their subjective feeling of exhaustion by using Borg’s CR10
exhaustion scale of at least 8 [15]. We hypothesised that
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Load Duration of exercise Speedkm/h Grade %
0 Rest 0 0 0%

I Stage I 180 sec. 2.7 10 %

II | StagelI 180 sec. 4.8 10 %

III | Stage III 180 sec. 6.4 10 %

IV | Stage IV 180 sec. 8.0 10 %

V | Stage V Until exhaustion 8.0 15 %

R1 | Recovery I 90 sec. 6.4 10 %

R2 | Recovery II 90 sec. 4.8 10 %

Table 1. Ellestad B protocol - modified version.

the VO,max was reached when the oxygen consumption
plateaued (the point at which increasing workload cannot
affect an increase in oxygen consumption) [16].

Training program

The preparatory training program lasted 1 month, dur-
ing which 31 trainings were held and 4 matches were played.
Details about the training program are presented in Table 2.

Nutrition

During the study period, all athletes consumed a stan-
dardised menu consisting of 3 main meals and two snacks.
For athletes needing to lose weight, a nutrition plan was made

according to dietary recommendations made by the Joslin
Diabetes Research Center at the Harvard Medical School for
the treatment of obesity, metabolic syndrome, and diabetes in
2005 [17]. Although there is some controversy as to whether
a low glycemic load diet leads to improved weight loss [18],
there is no question that a low glycemic load diet will gener-
ate a lower inflammatory burden [19]. Sport nutrition clinical
studies clearly demonstrate that low-carbohydrate diets elicit
greater decreases in body weight and fat than energy-equiva-
lent low-fat diets, especially over a short duration [20]. Such a
proposed anti-inflammatory diet consisted of approximately
1500 calories per day (approximately 50 grams of monoun-
saturated fat, 100 grams of low-fat protein, and 150 grams
of low glycemic load carbohydrates This anti-inflammatory
diethasa1:2: 3 ratio of fat to protein to carbohydrates based
on individual weight. The caloric ratio is approximately 30%
fat, 30% protein, and 40% carbohydrates. Athletes maintain-
ing their weight consumed the same diet, with a daily caloric
intake of 30 Kcal/kg of their body mass. The daily intake of
essential macronutrients for those on a weight loss diet is
shown in Table 3.

Athletes also took supplements consisting of 200 mg
magnesium citrate twice daily; 1000 mg vitamin C 1x a
day; 30 mg CoQ10 with 200 IU d-alpha tocopherol twice
daily; and vitamin B-50 complex 1x a day. In each training
session and every game, athletes drank 500 ml of water

Microcycle Morning training Afternoon training
No. of trainings: 6 No. of trainings: | 6
. . TE-TA
Aim: STR-COND Aim: STR & SPE
No. 1 6 exercises, 3-4 series
(7 days) ; 3 tr: 40-50% 1RM
Gym: 2 tr: 80-90% 1RM 3 tr: TE-TA + STR
1 tr: 90-100% 1 RM Sports hall: 2 tr: TE-TA + SPE
1 tr: training match
Sports hall 3 tr: SPE + SPEND

3 tr: END

Tournament 1 2 matches

Tournament 2 2 matches

No. of trainings: 5 No. of trainings: | 7
. . TE-TA
Aim: STR-COND Aim: STR & SPE
6 exercises, 3-4 series
No. 2 . 3 tr: 70-80% 1RM
(8 days) e 1 tr: 80-90% 1RM 2 tr: TE-TA + STR + AG
1 tr: 90-100% 1 RM Sports hall: 2 tr: TE-TA + SPE
2 tr: SPE + SPEND with ball 2 tr: training match
Sports hall: 2 tr: END + TE-TA

1tr: TE-TA

No. of trainings: 4 No. of trainings: | 3
. TE-TA . TE-TA
No. 3 Ll STR & SPE ity STR & SPE
(5 days)
S 2 tr: TE-TA + STR + SPE S 1tr: TE-TA + STR + AG
P : 2 tr: TE-TA P : 2 tr: TE-TA + SPE + STR

Table 2. One-month training program (TE-TA: technique and tactics. STR-COND: strength and conditioning, tr: trainings, SPE: speed, STR: strength,

END: endurance, SPEND: speed endurance, AG: agility)
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Calories Proteins Carbs Fats Characteristic X+SD
Meals keal
(kcal) (€:49) (gr) (€:49) Age (years) 19.14+1.10
Breakfast 455 35 45 15 Height (cm) 170.14+6.48
Morning snack 182 14 18 6 Weight (kg) 71.74+9.95
Lunch 364 28 36 12 Body mass index 23.37+2.50
Afternoon snack | 182 14 8 6 Fat (%) 19.07+5.36
Dinner 364 28 36 12 Muscle (%) 45.55+2.97
Sum 1547 119 143 51 Training and competition experience (years) 8.90+2.25
Table 3. The total daily intake of calories and macronutrients amounts Hours per week of training (h) 12264312
distributed over the meals in one day (subjects on weight loss program). Maximal oxygen consumption (ml/kg/min) 43.07+4.78

with 20 g dextrose and 10 g of whey protein isolate. After
each training session, athletes drank a protein shake (30 g
of protein plus 5 g of glutamine in 500 ml of water). A piece
of fruit was eaten after each training session (400 g).

Biochemical assays

Blood samples were drawn from an antecubital vein
into Vacutainer test tubes containing sodium citrate an-
ticoagulant. Blood samples were analysed immediately.
Blood samples were centrifuged to separate plasma and
red blood cells (RBCs) . Biochemical parameters were
measured spectrophotometrically.

Superoxide anion radical determination

Levels of superoxide anion radical (O,’) were measured
using nitro blue tetrazolium reaction in TRIS-buffer com-
bined with plasma samples and read at 530 nm [21]. Levels
of O, are presented in nmol/ml of plasma.

Hydrogen peroxide determination

The protocol for measurement of hydrogen peroxide
(H,0O,) is based on oxidation of phenol red in the presence of
horseradish peroxidase [22]. Samples of 200 pl s were com-
bined with 800 pl phenol red solution and 10 pl horseradish
peroxidase (1:20). Plasma levels of H,O, were measured at 610
nm. Levels of H,O, are presented in nmol/ml of plasma.

Nitric oxide determination

Nitric oxide (NO) decomposes rapidly to form stable
metabolite nitrite/nitrate products. Nitrite (NO,) was
determined as an index of nitric oxide production with

Table 4. Characteristics of the investigated group.

Griess reagent [23], 0.1 ml 3 N perchloric acid, 0.4 ml 20
mM ethylenediaminetetraacetic acid and 0.2 ml plasma
were put on ice for 15 min, then centrifuged for 15 min
at 6000 rpm. After pouring off the supernatant, 220 pl of
K,CO, was added. Nitrites were measured at 550 nm. Dis-
tilled water was used as a blank probe. Levels of NO, are
presented in nmol/ml of plasma.

Index of lipid peroxidation (thiobarbituric acid re-
active substances, TBARS)

The degree of lipid peroxidation in plasma was esti-
mated by measuring the thiobarbituric acid reactive sub-
stances (TBARS) using 1 % thiobarbituric acid in 0.05 M
NaOH, incubated with plasma at 100 °C for 15 min and
read at 530 nm. Distilled water was used as a blank probe.
Thiobarbituric acid extract was obtained by combining 0.8
ml plasma and 0.4 ml trichloroacetic acid. Samples were
put on ice for 10 minutes and then centrifuged for 15 min
at 6000 rpm. This method has been previously described
in the literature [24]. Levels of TBARS are presented in
pumol/ml of plasma.

Determination of antioxidant enzymes

Isolated RBCs washed three times with 3 volumes of
ice-cold 0.9 mmol/l NaCl and haemolysates containing ap-
proximately 50 g Hb/I (prepared according to McCord and
Fridovich [25]) were used for the determination of cata-
lase (CAT) activity. Catalase activity was determined ac-
cording to Beutler [26]. Lysates were diluted with distilled
water (1:7 v/v) and treated with chloroform-ethanol (0.6:1
v/v) to remove haemoglobin [27]. Then, 50 pl catalase buf-

Berorelexe e te D D o
O,- (nmol/ml) 3.31+2.45 4.18+2.18 P=0.153
H,O0, (nmol/ml) 0.96+0.53 2.41+1.40 P=0.001
NO, (nmol/ml) 6.06+3.55 6.57£2.74 P=0.740
TBARS (pmol/ml) 4.59+2.26 5.36%1.73 P=0.084
SOD (U/g Hb x 10°) 3231.58+2510.51 1936.84+1723.27 P=0.031
CAT (U/g Hb x 10°) 28.20+£28.21 25.23+9.57 P=0.463
GSH (nmol/ml of RBCs) 757.30+466.52 745.35+473.10 P=0.936

Table 5. Levels of pro/antioxidants (X+SD) in athletes’ blood before and after exercise test.
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fer, 100 pl sample and 1 ml 10 mM H,O, were added to the
samples. Detection was performed at 360 nm. Distilled
water was used as a blank probe. Superoxide dismutase
(SOD) activity was determined by the epinephrine method
of Misra and Fridovich [28]. One-hundred ul lysate and 1
ml carbonate buffer were mixed, and then 100 pl of epi-
nephrine was added. Detection was performed at 470 nm.
The activities of SOD and CAT in RBCs are presented in
units per gram of haemoglobin x10° (U/g Hbx10°)

Determination of glutathione

The level of reduced glutathione (GSH) was deter-
mined based on GSH oxidation with 5.5-dithio-bis-6.2-
nitrobenzoic acid, using the Beutler method [29]. The con-
centration of glutathione is expressed as nanomoles per
millilitre of RBCs.

Statistics

The statistical analysis was performed with SPSS 20.0
for Windows. The results are expressed as the means *
standard deviation of the mean. The data distribution was
checked with the Shapiro-Wilk test, and depending on the
results, appropriate parametric or nonparametric tests
were used. The differences between the values of means
from two related samples (before and after the maximal
exercise test, before and after the one-month training pe-
riod) were assessed by Paired t-tests or Wilcoxon tests,
where appropriate. The differences were considered to be
significant when the P value was lower than 0.05 and high-
ly significant when the P value was lower than 0.01.

RESULTS

Morphofunctional characteristics and data about train-
ing experience of the investigated sample are presented in
Table 4. Subjects had long training and competitive expe-
rience, well body composition, and cardiorespiratory fit-
ness that may be classified as good (when compared with
age-matched healthy females) or satisfactory for playing
predominantly anaerobic sports such as handball.

Results of the biochemical analysis regarding the acute
effects of exercise are presented in Table 3, while chronic
effects of exercise are presented in Figures 1 and 2.

Acute exposure to the maximal progressive load test
on a treadmill significantly increased levels of hydrogen
peroxide and decreased activity of superoxide dismutase
(Table 3).

As presented in Figure 1, the only pro-oxidant that sig-
nificantly changed after the training period was hydrogen
peroxide (from 0.96+0.53 to 1.69+1.01 nmol/ml; P=0.005).
Among antioxidant activity, presented in Figure 2, activity
of superoxide dismutase was significantly lower at the end
compared to the beginning of the study (3231.58+2510.51
versus 1458.97+1550.56 U/g Hb x 103; P=0.004).

DISCUSSION

The effect of exercise on the redox state of an individ-
ual depends on many factors, such as the type of train-
ing, training load, individual characteristics including age,
and coexisting factors of risk and physical condition [30].

Figure 1. Levels of pro-oxidants (X+SD) in athletes’ blood before and after the training period.
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Figure 2. Levels of antioxidants (X+SD) in athletes’ blood before and after the training period.

The study contributed to the limited scientific data about
exercise-induced oxidative stress in women, adolescent
populations, elite athletes, and mixed (aerobic-anaerobic)
sports, by assessing changes in redox state of elite young
female handball players after acute exposure to an exercise
test, as well as after a one-month intensive training period.
The results showed significant increase in H,0, levels and
decrease in SOD activity both after the treadmill test and
after the period of 31 trainings and 4 matches. These find-
ings are consistent with a number of previously published
studies. Superoxide dismutase enzyme represents the first
line of antioxidant defence and is the enzyme most fre-
quently affected by exercise stimulus in previous studies
[31]. However, H,O, is the most stable form of reactive oxy-
gen species produced mainly by O, dismutation by SOD.
In vitro studies have shown that elevated H,O, levels in-
hibit SOD activity [32]. The increase in H,O, levels may
explain these results; however, the levels of two other H,O,
eliminating antioxidants were not significantly changed,
as may be expected. Additionally, the marker of lipid per-
oxidation, TBARS, was not significantly increased.
Although there are a few studies reporting the effects
of treadmill exercise on redox state in football players or
non-athletes [1, 33-37], the most adequate comparison of
our results is with studies performed on young handball
players [4, 5, 31], although the exercise test performed in
these studies was cycling ergometer testing. However, be-
cause it has been shown that endogenous oestrogen may
have a protective role in exercise-induced oxidative stress
among female handball players [38] and female non-ath-

letes [39, 40], this comparison is limited due to gender dif-
ferences and the specificity of the exercise test. After max-
imal progressive exercise testing on the cycling ergometer,
the levels of H,O,among young male handball players were
increased and SOD activity decreased, which is consistent
with our findings. However, the activity of CAT also de-
creased and levels of TBARS increased [5]. Interestingly,
further analysis showed that increased levels of H,O,and
decreased SOD activity were observed only in a group of
handball players with the lowest basal SOD activity [31].
Additionally, when comparing handball players with sed-
entary age-matched controls, exercise testing induced the
increase in H,O, levels only in controls who had signifi-
cantly lower basal SOD activity compared with handball
players [4]. This suggests that adaptations of antioxidant
defence due to chronic exercise protect athletes from oxi-
dative stress induced not only by an exercise stimulus but
also most likely in a number of non-exercise conditions.
The decrease in SOD due to exercise testing on an ergom-
eter was also confirmed by Mrowicka et al. [30], who re-
ported that SOD activity was significantly more decreased
in athletes compared to non-athletes after cycling ergom-
etry. Another study showed that in non-athletes, SOD ac-
tivity actually increased in response to any load of exercise
on a cycling ergometer [41]. Because female handball play-
ers in this study had higher basal SOD activity compared
to male handball players in the abovementioned studies,
and considering the SOD behaviour in non-athletes dur-
ing exercise test, we hypothesise that SOD changes are
related to the exercise capacity of the subjects, achieved
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exercise load and consequently longer duration of the ex-
ercise test. Positive correlation between VO, _and H,O,
levels was previously established [3].

The second aim of this research was to assess changes
in the redox state of our subjects after a one-month prepa-
ratory training period. The results of the one-month train-
ing period on the redox state were the same as the effects
of acute exercise: H,0, levels rise and SOD activity fell at
the end of the one-month training period. To the best of
our knowledge, only one study monitored the redox state
of female handball players over a longer period of time
[38]. This recent study reported that CAT activity was the
highest during the most intensive period of the handball
season, but only in a group of athletes with normal oestro-
gen levels. Furthermore, levels of lipid peroxidation were
significantly lower during the middle and by the end of
season, compared to the beginning [38]. In contrast, pa-
rameters of oxidative stress in plasma were significantly
increased among male handball players during the most
intensive periods of trainings and competition, while the
opposite was observed in erythrocytes [8]. The observed
decrease in plasma-levels of oxidative stress parameters
was ossibly most likely due to the significantly increased
activity of antioxidant enzymes in erythrocytes [8], con-
firming the expected adaptation of ADS as a response to
programmed training.

The significant increase inof hydrogen peroxide af-
ter both treadmill exercise and the one-month training
period, without a corresponding increase in the levels of
H,O, —eliminating antioxidants or a significant change
in the levels of lipid peroxidation, suggests that the first
line of antioxidative defence, in the form of superoxide
dismutase, is enough to prevent oxidative stress in young
female handball players. These results suggest that well-
trained elite athletes have upregulated endogenous an-
tioxidative defence systems, which protect them from
exercise-induced oxidative stress and that increasing pre-
competition training workload should not induce adverse
biochemical changes leading to overtraining syndrome.

The limitations of this study include the lack of mea-
surement of oestrogen levels in our subjects and the ab-
sence of a control group. However, as the training and
nutrition was uniform, some conclusions may be drawn
from comparing pre- and post-training values of pro/anti-
oxidants in athletes’ blood.
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ABSTRACT

Background/aim: Acid-base disturbances are common
in critically ill patients. Some of the most commonly used
markers of metabolic acidosis are base deficit and lactate.
The aim of this study was to evaluate the correlation between
base deficit and serum lactate and the utility of base deficit
in the assessment of serum lactate levels in critically ill pa-
tients on mechanical ventilation.

Methods: This study was designed as a retrospective,
analytical study. We reviewed all arterial gas analyses (base
deficit and lactate levels) of patients on mechanical ventila-
tion. The correlation between base deficit and lactate was as-
sessed by calculation of the Pearson correlation coefficient (r)
and coefficient of determination (R?). Receiver operating char-
acteristic (ROC) curves were created for base deficit to detect
the presence of hyperlactatemia. The SPSS 12.0 software pack-
age (Chicago, Illinois) was used for statistical analyses.

Results: One hundred forty-two patients participated in the
study: including survivors (n=68) and non-survivors (n=74). The
mean value of base deficit was 0.512 + 6.10 mmol/L, and the
mean value of serum lactate was 2.04 + 2.07 mmol/L. There was
no difference in lactate and base deficit values between the groups
(p=0.101, p=0.106, respectively). Hyperlactatemia was observed
in 44 patients (30.98 % ). In ROC curve analysis, the area under
the curve for base deficit to detect hyperlactatemia was 0.527.

Conclusion: This study indicates that base deficit is not
an appropriate marker in the evaluation of real serum lac-
tate values.

Keywords: Base deficit, Serum lactate, Critically ill,
Metabolic acidosis

Accepted / Prihvacen: 24.11.2013.
SAZETAK

Uvod/Cilj: Acido-bazni poremelaji su uobicajeni kod
kriticno obolelih pacijenata. Neki od najéesée koriséenih
markera metabolicke acidoze su bazni deficit i serumski lak-
tati. Cilj ove studije je bio da se ispita povezanost izmedu
baznog deficita i serumskih laktata, kao i korisnost baznog
deficita u procenjivanju vrednosti serumskih laktata kod kri-
ticno obolelih pacijenata na mehanickoj ventilaciji.

Metode: Studija je dizajnirana kao retrospektivna, ana-
liticka studija. Pregledali smo sve arterijske gasne analize
pacijenata na mehanickoj ventilaciji, kojima su odredivani
bazni deficit i laktati. Korelacija izmedu baznog deficita i
laktata procenjivana je pomocu Pearsonovog koeficijenta
korelacije (r) i koeficijenta determinacije (R?). ROC krive
su konstruisane za bazni deficit radi procene prisustva hi-
perlaktatemije. Za statisticku obradu podataka koriséen je
SPSS 12.0 (Cikago, Ilinois) softverski paket.

Rezultati: 142 pacijenta, preziveli (n=68) i umrli
(n=74). Srednja vrednost baznog deficita bila je 0.512 + 6.10
mmol/L; srednja vrednost serumskih laktata bila je 2.04 +
2.07 mmol/L. Nije bilo statisticki znacajne razlike izmedu
grupa za laktate i bazni deficit (p=0.101, p=0.106 redom).
Hiperlaktatemija je primelena kod 44 pacijenta (30,98%).
ROC povrsina ispod krive za bazni deficit da otkrije hiper-
laktatemiju bila je 0.527.

Zakljucak: Ova studija ukazuje da bazni deficit nije
adekvatan marker u evaluaciji stvarnih vrednosti serumskih
laktata.

Kljucne reci: Bazni deficit, Serumski laktati, Kriticno
oboleli, Metabolicka acidoza
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APACHE II- Acute Physiology
And Chronic Health Evaluation;
AUC- Area under the curve;
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ROC- Receiver operating characteristic
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INTRODUCTION

Acid-base disturbances are common in critically ill
patients. Understanding these disorders is of great impor-
tance in intensive care medicine. Early identification and
correction of acid-base disorders play a major role in the
treatment of critically ill patients [1]. Some of the most
commonly used markers of metabolic acidosis are base
deficit (BD) and lactate [2,3].

Calculation of BD is performedcarried out with a blood
gas analyser using measured PaCO, and pH values as ap-
plied to a standard nomogram, and BD represents the
number of milliequivalents (mEq) of additional base that
must be added to a litre of blood to normalise the pH. An
elevated BD represents the presence of unmeasured ani-
ons and this is usually taken as a surrogate marker of lac-
tic acidosis [4,5]. BD is a sensible and easy tool to disclose
clinically significant metabolic acidosis [6]. Many authors
have shown that BD values correlate with the development
of multiple organ failure and mortality [7,8,9]. Other au-
thors have shown that BD should be used with caution as a
marker of shock and resuscitation of shock [10].

Metabolic parameters such as lactate are minimally
invasive measures of systemic oxygen transport. Hypoxia
and hypoperfusion in critically ill patients leads to lactic
acid production, with consequent lactic acidosis, which is
why lactate is often considered as a marker of tissue hy-
poxia [3,10,19]. Additionally, serum lactate levels may be
elevated as a result of inflammation and increased rates of
glycolysis caused by stress [3,11]. It has been shown that
hyperlactatemia (lactate values greater than 2 mmol/L)
was associated with increased mortality in patients with
shock, trauma, and sepsis [12,13,14,15,16]. However, many
hospitals still have blood gas analysers that analyse only
BD and not lactate (18). Considering that the value of BD
can be reversed by therapeutic procedures, such as the ad-
ministration of large amounts of saline solution, BD does
not always correlate with serum lactate levels in critically
ill patients [10,17].

The aim of this study was to evaluate the correlation
between BD and serum lactate and to determine the utility
of BD in the assessment of serum lactate levels in critical ill
patients on mechanical ventilation.

MATERIAL AND METHODS

This study was designed as a retrospective, analytical
study. It involved a subpopulation of critically ill patients
on mechanical ventilation that were admitted to the inten-
sive care unit, Clinical Centre Kragujevac, during the peri-
od between January 2012 and October 2012. The intensive
care unit was equipped with 17 beds, screens for continu-
ous monitoring of vital functions, 10 devices for mechani-
cal ventilation, and one blood gas analyser. The intensive
care unit is a polyvalent type and, at the same time, is a
primary place in the hospital for providing medical help in

the case of polytrauma and especially in the case of neu-
rotrauma after initial treatment in the emergency centere.
The study was approved by the ethics committee of the
Clinical Centre Kragujevac. Criteria for including patients
in the study were the following: patients that needed me-
chanical ventilation and intensive monitoring of vital pa-
rameters (e.g., EKG monitoring, body temperature, and
arterial blood pressure). It was necessary that arterial gas
analyses and biochemical analyses were performed on the
admission date at the intensive care unit. Exclusion crite-
ria were as follows: patients under 18 years of age, patients
admitted due to poisoning, and patients diagnosed with
cancer.

According to outcomes, patients were divided into
two groups: survivors and non-survivors. To establish the
mortality rate, all of the patients were monitored during
a 28-day period from the moment of admission to the in-
tensive care unit. Demographic data, admission diagnosis,
APACHE 1I score values within first 48 hours of admis-
sion (Acute Physiology And Chronic Health Evaluation)
and treatment outcome (survivor or non-survivor) were
collected from case histories and discharge notes of pa-
tients involved in the study. Venous blood was collected
through a cannula introduced for therapy application. Dif-
ferent veins in the forearm were used for blood draws. Ar-
terial blood was sampled from the radial artery. Arterial
puncture was performed with a syringe and needle (24-
26) which were covered with heparin as anticoagulant. All
samples were analysed with a gas analyser (GEM Premier
3000). Biochemical parameters were analysed with a bio-
chemical analyser (Ilab 600) in the laboratory of the Clini-
cal Centre Kragujevac.

Sample size was calculated using the Sample Size
Correlation Program, based on results obtained from the
study performed by Chawla in 2010 [17]. An adequate
sample size to detect an assumed correlation of 0.27 with
power 1-$=0.8 and error level a=0.05 was calculated as
83 patients.

Descriptive and analytical statistical methods were
used in the study. The following descriptive methods were
used calculation of absolute and relative numbers, central
trend measures (arithmetic mean and median), and dis-
persion measures (standard deviation [SD]). The follow-
ing analytical methods were used: T-test and Mann-Whit-
ney U test. The correlation between BD and lactate was
assessed by calculating the Pearson correlation coefficient
(r) and the coefficient of determination (R?). Receiver op-
erating characteristic (ROC) curves were created for BD
to detect the presence of hyperlactatemia. The SPSS 12.0
software package (Chicago, Illinois) was used for statisti-
cal analyses.

RESULTS

There were 142 subjects enrolled in the study including
(67 men and 75 women). Ninety-one (64.1%) of these patients
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survivor groups.

I 142
Age (mean, SD) 60.4 + 16.98
Sex (male) 67 (47.2%)
Reasons for ICU admission:
Postoperative neurosurgical 33 (23.2%)
Postoperative surgical 53 (37.3%)
Polytrauma 11 (7.7%)
Neurological 13 (9.1%)
Respiratory failure 17 (11.9 %)
Sepsis 10 (7.1 %)
Post-cardiac arrest 5 (3.5 %)
Survivors/Non-survivors 68(47.9%)/74(52.1%)
APACHE II (mean, SD) 16.23 £ 6.44
FiO, % (mean, SD) 42.2 + 12.97
PaO, kPa (mean, SD) 1.77 + 3.85
PaCO, kPa (mean, SD) 598 +1.85
Hct (mean, SD) 0.31 + 0.067
MAP mm Hg (mean, SD) 86.05 + 34.63
Na* mmol/L (mean, SD) 140.27 + 9.07
K* mmol/L (mean, SD) 3.91 +0.81
pH (mean, SD) 7.36 £0.103
HCO, mmol/L(mean, SD) 22.34 + 5.68
BD mmol/L (mean, SD) 0.512 + 6.10
Lactates mmol/L 2.04 + 2.07
Hyperlactatemia n (%) 44 (31%)
Albumin g/l (mean, SD) 26.54 + 6.19

Table 1. Demographic data and average values

Figure 1. Boxplot of base deficit (BD) levels in the survivor and non-

APACHE II- Acute Physiology And Chronic Health Evaluation; FiO,-
Fraction of inspired oxygen; PaO,- partial pressure of oxygen; PaCO,-
partial pressure of carbon-dioxide; Hct- hematocrit; MAP- mean arterial
pressure; BD- Base deficit; HCO,- Bicarbonate; SD- Standard deviation.

were admitted to the ICU after surgery, and 51 (35.9%) pa-
tients were admitted with other urgent medical conditions.
The APACHE II score on admission to the intensive care unit
for the entire sample was 16.23 + 6.44. There was a statistically
significant difference in APACHE II scores (t=5.802; p<0.001)
between the groups. Detailed information about average val-
ues and demographic data are given in Table 1.

Figure 2. Boxplot of lactate levels in the survivor and non-survivor groups.

The mean BD value was 0.512 + 6.10, and the mean se-
rum lactate value was 2.04 + 2.07. There was no difference in
lactate levels (U=2115.5; Z=-1.638; p=0.101) and BD values
(U=2120; Z=-1.617; p=0.106) between the groups. The mean
BD values and lactate levels in the survivor and non-survivor
groups are shown in Figures 1 and 2. Of the 142 patients that
were included in the study, hyperlactatemia was observed in

BD Lactate pH HCO3

BD Pearson Correlation 0.053 0.188* 0.442%*

Sig. (2-tailed) 0.532 0.025 0.000
Lactate Pearson Correlation 0.053 -0.518** -0.396**

Sig. (2-tailed) 0.532 0.000 0.000
pH Pearson Correlation 0.188* -0.518** 0.549**

Sig. (2-tailed) 0.025 0.000 0.000
HCO, Pearson Correlation 0.442%** -0.396** 0.549**

Sig. (2-tailed) 0.000 0.000 0.000

Table 2. Correlations

BD- base deficit; HCO3- bicarbonate; *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed).
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Figure 3. Scatterplot of base deficit (BD) vs lactate level

44 patients (30.98 %). The results of Pearson’s correlation be-
tween studied variables are presented in Table 2. The correla-
tion of BD compared with lactate is shown in Figure 3. In the
ROC curve analysis, the area under the curve for BD to detect
hyperlactatemia was 0.527 (Figure 4).

DISCUSSION

This study explored the correlation between the two
most commonly used markers of acid-base disturbances
in critically ill patients: the value value of BD and serum

Figure 4. Receiver operating characteristic (ROC) curve
for the prediction of hyperlactatemia by the base deficit
(BD) level. Area under curve (AUC)=0.527.

lactate. Metabolic acidosis remains one of the most com-
mon acid-base disorders and often marks the beginning
of tissue hypoxia and organ hypoperfusion [6, 7, 10, 18 ].
Serum lactate levels have been used to detect the presence
of tissue hypoperfusion and as a prognosticating marker in
different subgroups of patients [3, 8, 10, 12, 13].

In the present study, the incidence of hyperlactatemia
on admission to the intensive care unit was 30.98%, but
there were no statistically significant differences in lac-
tate and BD levels between the survivor and non-survivor
groups (p>0.01). In a population of patients that were
admitted to a surgical intensive care unit, Matthew et
al. showed that lactic acidosis was present in 41% of the
patients. In their study, non-survivors had higher lactate
and BD values than survivors. They also showed that an
increased BD level had no predictive value if the lactate
level was normal [19]. In the study conducted by Chawla et
al., in the group of patients undergoing general anaesthe-
sia, hyperlactatemia was observed in 40% of the patients. It
was shown that the use of BD can often mislead the clini-
cian as to the actual serum lactate concentration [17].

However, we found that the ROC area under the curve for
BD in predicting hyperlactatemia was 0.527, which implies it
is a very weak tool as a substitute for serum lactate. These re-
sults support the results of other similar studies in which the
BD was evaluated as a surrogate marker for hyperlactatemia
in critically ill patients [3, 6, 17, 19]. It should be mentioned
that this study is the first focused on critically ill patients on
mechanical ventilation exclusively. Some studies have shown
that, despite a normal BD and lack of acidosis, significant hy-
perlactatemia and dangerous hypoperfusion states can exist.
This was explained by the variety of mechanisms underlying
hyperlactataemia in critically ill patients [12, 18, 20].

Our study had certain limitations. We did not have ac-
curate data about types and amount of fluids that were used
for resuscitation before admission to the ICU. Addition-
ally, the scope of different diagnoses in this study was very
heterogeneous. We suggest that future studies dealing with
this phenomenon should focus on patients with a clearly
defined diagnosis (e.g., surgical, neurosurgical, neurological
or internist-determined) and precisely identified type and
amount of fluids that were used in resuscitation efforts.

In conclusion, we demonstrated that hyperlactatemia
is a common finding in critically ill patients on mechanical
ventilation. The aim of any therapy is restitution of global
tissue hypoxia. A decrease in lactate values to normal lev-
els allows this restitution. As shown in this study, the use
of BD instead of serum lactate is not desirable. This study
indicates that BD is not appropriate in the evaluation of
real values of serum lactate.
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ABSTRACT

Congenital hepatic fibrosis (CHF) is a rare developmental
disorder of the portobiliary system and most commonly associ-
ated with polycystic kidney disease. The pattern of inheritance
of this disorder is autosomal recessive. The eexact prevalence of
CHEF is unknown (estimated from 1:10000 to 1:20000). Sequelae
of CHF and portal hypertension have been found in less than
half of the all CHF patients and were associated with age.

We present a case study of a boy with CHF complicated by
portal hypertension, splenomegaly and hypersplenism. This pa-
tient was diagnosed with cholestatic syndrome as a neonate. A
transcutaneous liver biopsy was performed and repeated at the
age of 9 months. Diagnosis of cholestatic syndrome was made
based on the findings of a histopathological examination. The
ultrasound examination showed polycystic kidneys; however,
global renal function remained normal. At the age of 8 years and
6 months, portal hypertension was confirmed by Doppler ultra-
sonography, and endoscopic examination revealed oesophageal
varices of second and third grade, which was also observed in the
splenic portography. Thrombocytopenia due to hypersplenism
was identified by a platelet count of 75.2 x 10> To prevent va-
riceal bleeding, a a splenorenal shunt and a partial spleen re-
section were performed. The differential of cholestatic syndrome
in infants should include CHE This type of disease may suggest
early developing complications of CHE such as portal hyperten-
sion and hypersplenism. Portosystemic shunt surgical treatment
is justified in CHF cases with cholestatic syndrome .

Keywords: portal hypertension, hypersplenism, spleno-
renal shunt
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SAZETAK

Kongenitalna fibroza jetre (KF]) je redak autozomno-
recesivni poremecaj razvoja portobilijarnog sistema Cesto
udruzen sa policisticnim promenama na bubregu. Tacna
prevalenca poremecaja nije poznata (procenjuje se na 1: 10
000 do 1: 20 000). Sekvele KFJ i portne hipertenzije se razvi-
jaju u manje od polovine bolesnika tokom vremena.

Prikazujemo decaka sa KF] komplikovanom portnom
hipertenzijom, splenomegalijom i hipersplenizmom. Bolest
je prepoznata pod slikom holestaznog sindroma, a dijagno-
za bazirana na karakteristicnom patohistoloskom nalazu
pri pregledu tkiva jetre dobijenog perkutanom biopsijom
u devetom mesecu po rodjenju. Pored toga, ultrasono-
grafskim pregledom nadjene su i policisticne promene na
bubrezima. Globalna renalna funkcija je bila normalna.
Dijagnoza portne hipertenzije je potvrdjena Doppler ultra-
sonografijom, splenoportografijom i endoskopskim nalazom
varikoziteta drugog i treceg stepena u podrucju kardije a
hiperspenizma na osnovu trombocitopenije ( Tr 75,2 x 10°).
U cilju prevencije krvarenja ucinjen je splenorenalni sansa
parcijalnom splenektomijom. U diferencijalnoj dijagnozi
holestaznog sindroma u dojenackoj dobi treba razmotriti
i KFJ. Ovakav oblik bolesti moze karakterisati rana pojava
portne hipertenzije i hipersplenizma kao komplikacije. Hi-
rursko lecenje izvodenjem portosistemskog santa opravda-
no je u ovim slucajevima.

Kljucne reci: portna hipertenzija, hipersplenizam, sple-
norenalni Sant
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INTRODUCTION

Congenital hepatic fibrosis (CHF) is a rare, inherited,
autosomal-recessive disease that is characterised by peri-
portal fibrosis with irregularly shaped biliary duct prolif-
eration resulting in intrahepatic portal hypertension and
oesophageal varices. The disease is sometimes associ-
ated with impaired renal function. Hepatic manifestations
of the disease were first described in 1856, and the term
“congenital liver fibrosis” was adopted in 1961 [1]. The lit-
erature describes a small number of cases; therefore, the
incidence and prevalence of CHF are unknown (estimated
from 1:10000 to 1:20000) [2]. One quarter of newborns and
young infants born with predominant renal disease die [1].
Mortality is attributed to cholangitis [1]. Symptoms of the
disease include renal and/or hepatic manifestations. When
renal manifestations are dominant, patients develop renal
failure that is often fatal. If the lesions of the liver are domi-
nant, the disease manifests as portal hypertension, gastro-
intestinal bleeding of different intensity and splenomegaly
with more or less severe signs of hypersplenism. Haemo-
dynamic consequences of impaired blood flow in the por-
tal vein system include oesophageal varices and varices of
the stomach veins proximal to the cardia.

CASE REPORT

A boy, eight years and 6 months of age with a body
height 130 cm (P25) and weight of 27.2 kg (-0.5 kg, - 1.9%),
presented with icteric discoloration of the skin and visible
mucous membranes and few telangiectatic changes on the
face. The sharp, low edge of his liver was palpable approxi-
mately 2 cm below the right rib cage and was enormously
enlarged. The patient’s spleen was hard and palpable up to
7 cm below the left rib cage. Other physical findings were
normal.

Personal anamnesis showed the patient was the first
child from a normal, controlled pregnancy, with a birth
weight of 3750 g, length of 56 cm and an APGAR score
of 10. The patient was regularly vaccinated and fed adapt-
ed milk formula from birth. Due to the unclear etiology
of conjugated hyperbilirubinemia in the neonatal age, a
percutaneous liver biopsy was performed. Histopathologi-
cal examination showed gigantocellular transformation
of hepatocytes and an initial fibrous process with signs of
centrilobular cholestasis. Echosonography findings of the
extrahepatic biliary tract were normal, while left kidney
cystic changes were noted. A percutaneous liver biopsy
was repeated at the age of 9 months because of persistent
cholestasis. Histopathological examination of the percu-
taneous liver biopsy confirmed diffuse fibrosis with pro-
liferation of irregular and branched bile capillaries (ductal
plate malformation). Abdominal ultrasound and CT ex-
amination showed an easily enlarged liver and hyperecho-
genic parenchyma with periodic beaches of normal tissue
transonicity. Gallbladder and bile ducts appeared normal.

Figure 1. Ultrasound of irregular hepatic structure.

Figure 2. Ultrasound of the left kidney with cysts and large spleen.

Cystic formation was observed in the lower third of the left
kidney. Renal function was preserved. In accordance with
these findings, and based on the clinical course of the dis-
ease, the diagnosis of congenital liver fibrosis was made.

At the time of this visit, laboratory testing found nor-
mal levels of ESR and other inflammation markers, nor-
mal morphology of red blood cells, a reduced number of
platelets (75.2x10%/ml), proper homeostasis, normal renal
function and preserved synthetic and homeostatic liver
function. Hepatic lesions were associated with permanent
cholestasis confirmed by biochemical markers, including
increased levels of liver enzymes AST 204 u/l, ALT 262 u/l,
YGT 513 u/l and alkaline phosphatase 171.1 u/l and a total
bilirubin count of 66 mol/l with a conjugated component of
41mol/l. Based on these findings proximal endoscopy was
performed. We found numerous oesophageal varices in the
distal third of the oesophagus and cardia inconsistent with
signs of reflux esophagitis. Abdominal ultrasound identi-
fied an enlarged liver with a pronounced periportal binder
and ligaments in echo structure (Figure 1).
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Biliary ponds up to 100 mm in the form of cysts were
observed peripherally in the liver, and Doppler sonography
found the portal vein trunk diameter to be 9.5 mm with a
slower hepatofugal blood flow of 10-12 mm/s. The spleen
vein was also modified (trunk diameter 8 mm) with mul-
tiple tortuous collaterals in the region of the cardia and
slower blood flow up to 12 mm/s. The spleen longitudinal
diameter was approximately 16 cm (the lower edge reach-
ing almost to the iliac bone). The kidneys were in the cor-
rect position without dilatation of the pyelocaliceal system
and with cysts of 16.9 x 11.1 mm in diameter on the upper
pole of the right kidney (Figure 2).

Splenic portography was proposed and confirmed an
enlarged spleen and portal vein and displayed retrograde
coronary veins with second and third degree varicose
changes (Figure 3).

To relieve difficulties in blood flow caused by portal
vein hypertension and to reduce the risk of bleeding from
oesophageal varicose veins, a splenorenal shunt with partial
splenectomy was performed (using the method of Warren
(T-L)). The patient was haemodynamically and haemostatic
stable. The postoperative course was uneventful. Doppler
ultrasonic diagnostic method confirmed normal function-
ing of the shunt. Two weeks after surgery, platelets showed
a significant increase of 107 x 10°/ml, while the laboratory
findings were without significant changes compared with
previous findings. Throughout the course of the disease,
the function of the kidney was preserved. The child was
discharged from the hospital in good condition.

DISCUSSION

Symptoms of congenital liver fibrosis can be manifested
in the early infant period, later in childhood and in adoles-
cence. Similarity with other diseases can lead to a delayed
or incorrect diagnosis of CLF congenital liver fibrosis. In
the initial stage of the disease, a liver biopsy showing dif-
fuse periportal fibrosis and the presence of less than or
greater dilation of bile ducts thick bands of fibrous con-
nective tissue are indicative of indicate CLFcongenital liver
fibrosis. Although histopathological findings are the gold
standard for diagnosis, abnormal hepatic echogenicity and
splenomegaly cannot be detected at an early age because
the portal fibrosis and portal hypertension develop and
progress with age. Hepatomegaly is present in almost all
patients presenting with CLFcongenital liver fibrosis|[3].
Upon palpation of the liver, the organ is hard; its surface
rough and nodular. Ultrasonography greatly aids in diagno-
sis; finding that echogenicity of the liver tissue is changed,
or cystic formation is visible with or without changes in the
parenchyma.

Sonographic evaluation includes the Doppler method,
with a focus on portal circulation and portal hypertension.
With the progression of portal hypertension, the spleen
increases and the platelet count decreases due to hyper-
splenism, developing portosystemic collateral circulation

Figure 3. Splenic portography revealed second and third grade oesopha-
geal varices and third grade.

and creating oesophageal and gastric varices. The risk of
bleeding increases with the increase in varice size [4, 5, 6].
Variceal bleeding can occur at any age, but is more com-
mon in older children and adults. Consequently, endos-
copy is indicated in all patients with CHEF, especially in
those with baseline anaemia and hematemesis. Endoscopic
findings confirm the existence of varices, erosions and ul-
cerations, and facilitate sclerotherapy. Jung and Brancateli
use magnetic resonance, i.e., MRCP or magnetic cholecys-
topancreatography, in the diagnosis of congenital fibrosis
of the liver with typical findings of cystic and fusiform
dilatations of an irregular intrahepatic biliary duct, an ab-
normally enlarged liver with dilatation of the extrahepatic
bile ducts, gall bladder enlargement, and a markedly en-
larged spleen with fibrocystic changes in the kidney [7, 8].
Because renal disease is often associated with CHF, many
patients are subjected to a renal evaluation. Fonk et albe-
lieve believe that in patients with primary renal failure,
liver biopsy is not necessary; therefore, and that diagnosis
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can be based entirely on clinical findings [6]. Congenital fi-
brosis of the liver often causes great differential diagnostic
dilemmas. Confusion often causes suspicion of cirrhosis of
the liver because it is present in CHF due to extensive he-
patic fibrosis and portal hypertension. Non-cirrhotic por-
tal hypertension is more difficult to distinguish from CHF
compared with cirrhotic hypertension. Proper diagnosis
is based on medical history, clinical findings, laboratory
tests and imaging techniques. The most essential differ-
ence between CHF and non-cirrhotic portal hypertension
is preserved synthetic liver function [9]. Diseases of the
bile ducts (primary biliary cirrhosis and primary scleros-
ing cholangitis) that evolve to liver cirrhosis are extremely
rare in children. Both are followed by the significant in-
crease of liver enzymes, alkaline phosphatase and yGT,
whichthat are significantly higher compared with those
found in CHF patients and do not have the same visuali-
sation techniques for extra testing [10]. Cystic changes in
the liver and in primary biliary cirrhosis antimitochondrial
antibodies were not found in any of these diseases. The
similarity of CHF with primary sclerosing cholangitis is a
phenomenon ascending cholangitis, and sometimes biliary
strictures and dilatation, which is seen in primary scleros-
ing cholangitis, may be misinterpreted and represent the
dilated extrahepatic bile ducts or even intrahepatic cysts
in CHEF. Other causes of cirrhosis, such as viral hepatitis,
autoimmune hepatitis, alpha 1 antitrypsin deficiency and
Wilson’s disease are excluded on the basis of history and
laboratory tests. Special attention in the examination of
patients may identify liver cysts, which can create further
differential diagnostic dilemmas. If liver cysts are observed
in autosomal dominant polycystic liver disease, the cysts
can lead to portal hypertension but are not typical of CHF,
as they vary across a range of time and occupy a substantial
part of the liver parenchyma [11,12]. Macroscopic cysts of
the liver, in continuity with the biliary ducts, are a typical
and very common finding among patients with CHF and
are indicative of Caroli’s Syndrome. Almost all rare cases
of isolated forms of CHF occur without Caroli’s Syndrome
. The genes responsible for these isolated forms of CFH are
unknown. The results of genetic engineering have shown
that most infants with the severe perinatal form of dis-
easeed CHF associated with Caroli’s Syndrome have two
mutations in the PKHD1 gene, and the majority of survi-
vors in the neonatal period have at least one mild muta-
tion [13]. This syndromic phenomenon certainly should
be distinguished from congenital liver disease (Caroli’s
Syndrome), which that is characterised by cystic dilatation
of only the intrahepatic bile ducts[14]. Congenital hepatic
fibrosis is a disease for which there is no specific therapy to
repair the primary ductal plate malformation or to recover
fibrotic changes and abnormalities of the biliary tree. Phar-
macological treatment with antibiotics is indicated only in
cases of cholangitis. Portal hypertension and oesophageal
varices require a special type of treatment. Primary pre-
vention (before the onset of bleeding) includes giving non-
selective beta-blockers, in accordance with the measured

pulse and blood pressure. Secondary prevention of bleed-
ing varices (in case the bleeding has already happened) re-
quires bending ligation and sclerotherapy. A portosystemic
shunt surgical intervention has the least side effects and
contraindications [15,16]. Alvares et al describe a popu-
lation of 27 children with CFL in which a portosystemic
shunt was performed in 16 patients aged 3-16 years [17].
During a 3 month to 12 year follow-up, liver functioning
did not worsen, and signs of hepatic encephalopathy were
absent. Prognosis is,; in fact, considerably better in the in-
fantile form of the disease [18]. Consideration of the need
for surgery (portal system shunt) in a patient who has never
had bleeding from varices may be reasonable if the portal
hypertension gets progressively weaker and threatens the
liver synthetic function. The use of a surgical shunt may
also be considered for patients who did not have episodes
of bleeding when there is no possibility of emergency re-
sponse and safe, secure care if bleeding occurs. Our patient
had never bled from oesophageal varices, although they
were third degree. In line with potential risk, and to pre-
vent serious complications, the splenorenal shunt method
was selected with a minimum of contraindications. There-
fore, the increase in the degree of varices was prevented,
and the possibility of bleeding was reduced to a minimum.
Further monitoring of the patient involved the analysis
of synthetic, homeostatic and haemostatic liver function,
cholestasis and renal function control as well as oesopha-
geal varices condition.
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ABSTRACT

Introduction: Sepsis is the most common cause of acute
renal failure in intensive care units.

Aim: This study aimed to analyse the etiopathogenesis
of sepsis and the clinical significance of early detection and
timely treatment of sepsis in intensive care units.

Method: We analysed literature and clinical studies ad-
dressing the pathogenesis, diagnosis and treatment of sepsis
syndrome.

Results: There was a 1.5% increase in the number of pa-
tients with sepsis over one year. Severe sepsis is defined as
sepsis with hypotension, hypoperfusion and organ dysfunc-
tion. Sepsis is characterised by activation of the patients im-
mune system and enhancement of the creation of mediators
that play an important role in the development of multiple
organ system failure in patients with sepsis. The strategy for
preventing acute renal failure in patients with sepsis includes
early targeted therapy (in the first 6 hours), which consists of
an early increase in blood volume circulating fluids (at least
20 ml/kg crystalloid in the first hour). Initial therapy should
be achieved by central venous pressure of 8-12 mmHg, mean
arterial blood pressure greater than 65 mmHg, urine output
greater than 0.5 ml/kg/h and mixed venous blood saturation
of oxygen greater than 70%. The ventilation strategy to protect
the lungs and kidneys in patients on mechanical ventilation
includes a tidal volume of 6 ml/kg and an end-inspiratory
pressure plateau less than 30 cmH 0. To remove a mediator
from the serum of patients, high-volume haemofiltration and
continuous haemodiafiltration with PMMA are used.

Conclusion: Early follow-up and early implementation
of targeted therapies play a key role in preventing the devel-
opment of acute heart and kidney damage.

Key words: sepsis, cardio-renal syndrome, dialysis
therapy
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SAZETAK

Uvod. Sepsa je najceséi uzrok akutnog ostecenja bubrega
u jedinicama intenzivnog lecenja.

Cilj. Rad je imao za cilj da analizira etiopatogenezu sep-
se i klinicki znacaj ranog otkrivanja i pravovremenog lecenja
sepse kod bolesnika u jedinicama intenzivnog lecenja.

Metodologija. Analizirani su strucni radovi i klinicke
studije koje se bave etiopatogenezom, dijagnostikovanjem i
lecenjem sindroma sepse.

Rezultati. Jednogodisnja stopa porasta broja bolesnika sa
sepsom iznosi 1.5%. Teska sepsa se definise kao sepsa sa hipo-
tenzijom, hipoperfuzijom i poremelajem funkcije organa. Sepsa
se odlikuje aktivacijom imunskog sistema bolesnika i pojaca-
nim stvaranjem pro- i antiinflamatornih medijatora. Pojacan
i neregulisan odgovor imunskog sistema i pojacano stvaranje
medijatora imaju znacajnu ulogu u razvoju insuficijencije vise
sistema organa kod bolesnika sa sepsom. Strategija za prevenci-
ju razvoja akutnog ostecenja bubrega kod bolesnika sa sepsom
ukljucuje ranu ciljnu terapiju (u prvih 6 sati), koja se sastoji u
ranoj pojacanoj nadoknadi zapremine krvi u cirkulaciji te¢no-
stima (najmanje 20 mi/kg kristaloida u prvom satu). Pocetnom
terapijom treba da se postigne centralni venski pritisak od 8-12
mmHg, srednji arterijski krvni pritisak veci od 65 mmHg, diu-
reza veca od 0.5 ml/kg/h i zasicenost centralne venske krvi ki-
seonikom veéa od 70%. Strategija ventilacije za zastitu pluca i
bubrega kod bolesnika na mehanickoj ventilaciji ukljucuje tajdl
volumen od 6 ml/kg i pritisak end-inspiratornog platoa manji
od 30 cmH 0. Za odstranjivanje medijatora iz seruma bolesni-
ka koriste se visoko-volumenska hemofiltracija i kontinuirana
hemodijafiltracija sa PMMA membranom.

Zakljucak. Rano pracenje bolesnika i primena rane cilj-
ne terapije imaju kljucnu ulogu u spre¢avanju razvoja akut-
nog ostecenja srca i bubrega.

Kljucne reci: sepsa, kardio-renalni sindrom, dijalizna
terapija
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INTRODUCTION

Cardiorenal syndrome is a pathophysiological disorder
of the heart and kidneys, where acute or chronic dysfunc-
tion of one organ stimulates acute or chronic dysfunction
in the other [1-6]. We distinguish five types of cardiorenal
syndrome, of which Type 5 CRS causes severe sepsis and
septic shock and leads to acute disorders of the heart and
kidneys (septic cardiorenal syndrome) [1-6]. Due to the
complexity and severity of acute kidney injury (AKI) (sep-
sis and multiple organ dysfunction syndrome), patients in
intensive care units require a team approach, skilled staff
and technical equippedness, continuous and enhanced
cooperation between a nephrologist and intensivist an-
aesthesiologist and the use of a new treatment plan, which
includes multiple organ support therapy [7]. Several of the
main tasks of an intensivist physician in the ICU include
detecting sepsis early, treating septic patients by achieving
optimal blood volume status and preventing the develop-
ment of cardiorenal syndrome [7].

Sepsis: definition, aetiopathogenesis
and clinical significance

Sepsis is a serious clinical syndrome in medicine and a
major health problem in both developed and underdevel-
oped countries. The number of septic patients has grown
by 1.5% in the past year, and 934,000 patients in the USA
developed sepsis in 2010. Regardless of technological ad-
vances (dialysis supportive therapy, respiratory supportive
therapy), the mortality rate of patients with severe sepsis
remains high at 30-50%, and the cost of one-year treatment
of such patients exceeds 50 trillion USD [8].

Definition

Bacteraemia is the presence of bacteria in the patient’s
blood. A patient's response to an infection is systemic in-
flammatory response syndrome (SIRS) and is defined as
the presence of two or more related criteria: body temper-
ature > 38°C or < 36°C, heart rate > 90 beats per minute,
respiratory rate > 20 breaths per minute or arterial par-
tial pressure of pCO, less than 32 mmHg, white blood cell
count > 12 x 10°/mL or < 4 x 10°/mL or > 10% immature
neutrophils (band forms) [9, 10]. Sepsis is defined as SIRS
with a confirmed infection. Severe sepsis is defined as sep-
sis accompanied with hypotension, hypoperfusion, organ
dysfunction (serum lactate > 2 mmol/L), altered mental
status, capillary volume recharge > 3 s, diuresis < 0.5 mL
/kg/h, serum creatinine levels increase of > 26.4 pmol/L,
platelet count < 100 x 10°/mL or disseminated intravas-
cular coagulopathy, acute lung injury/acute respiratory
distress syndrome and heart disorder (cardiac index < 2.2
L/min/m?) [9, 10]. Septic shock is defined as severe sepsis
with hypotension, with no improvement following intrave-
nous infusion therapy (i.e., restoring fluid volume in circu-
lation), evidence for hypoperfusion or organ dysfunction,
mean arterial blood pressure < 60 mmHg (< 80 mmHg in
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previously hypertensive patients) after crystalloids infusion
(0.9% saline) in the dose range of 40-60 mL/kg in the first
hour or pulmonary capillary filling pressure in the range
of 12-20 mmHg and the need for dopamine > 5 pg/kg/min
or epinephrine < 0.25 pg/kg/min to maintain mean arte-
rial blood pressure > 60 mmHg (> 80 mmHg in previously
hypertensive patients). Refractory septic shock is defined
as the need for dopamine > 15 pg/kg/min or epinephrine
> 0.25 pg/kg/min to maintain mean arterial blood pressure
> 60 mmHg (> 80 mmHg in previously hypertensive pa-
tients) [9, 10].

Etiopathogenesis

Sepsis is a serious medical condition characterised
by the activation of the patient’s immune system and en-
hanced production of pro- and anti-inflammatory media-
tors [11]. The initial patient response to infection (i.e., the
interplay between host and microbial agent) is followed by
an increased and unregulated immune system response,
increased production of proinflammatory mediators such
as interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8
(IL-8) and tumour necrosis factor-alpha (TNF-a), and
haemodynamic instability accompanied by reduced renal
blood flow [11]. The proinflammatory phase is then re-
placed by the compensatory anti-inflammatory response
phase, which blocks the immune system and is character-
ised by the reduced proliferation and increased apoptosis of
lymphocytes, decreased chemotaxis, reduced phagocyto-
sis and increased production of interleukin-10 (IL-10) [11].
The highest concentration of serum mediators (presump-
tion of mediator “peak levels”) plays an important part in
the pathogenesis of multiple organ dysfunction syndrome
in patients with severe sepsis [12-15]. Extracorporeal
blood cleansing techniques such as high-volume continu-
ous veno-venous haemofiltration (HVHF) and continuous
veno-venous haemodiafiltration using PMMA membrane
(PMMA-CHDF) improve the patient’s haemodynamic sta-
tus, reduce the need for vasopressors, restore the balance
of immune system response (i.e., the balance between pro-
and anti-inflammatory mediators), reduce the concentra-
tion of cell apoptosis-inducing mediators and improve sur-
vival in patients with severe sepsis [12-15].

Type 5 Cardiorenal Syndrome:
Mechanisms of Aetiopathogenesis

The relationship between heart and kidneys is impor-
tant for regulating the volume of arterial blood , which pro-
vides blood flow and oxygen supply to the bodily tissues
[16-18]. Endothelial dysfunction, arterial vasodilation, de-
creased myocardial function and reduced blood volume in
the arterial circulation, which normally enables renal per-
fusion, play a major role in causing septic cardiorenal syn-
drome [16-18]. A reduction in arterial blood volume may
occur due to reduced heart rate and/or arterial vasodilation
[16-18]. In patients with severe sepsis and septic shock, de-
creased renal blood flow is caused by arterial vasodilata-



tion, due to increased production of nitrogen oxides (NO),
and decreased myocardial function (increased myocardial
concentrations of cytokines/myocardial inflammation and
elevated levels of NO in the myocardium) [16-18]. De-
creased renal blood flow (reduced blood volume in the ar-
terial circulation, which normally enables renal perfusion)
leads to ischaemia of the renal tubular epithelial cells and
the development of acute kidney injury (ischaemic acute
tubular necrosis) [16-18]. Acute kidney injury and fluid
retention in the body have an adverse effect on myocar-
dial function and thus trigger a vicious cycle of kidney and
heart disorders [16-18].

Type 5 Cardiorenal syndrome: Diagnosis

Sepsis biomarkers

Leukocyte count and C-reactive protein levels are the
“gold standard” for diagnosing infection. Normal concen-
trations of serum procalcitonin are < 0.05 ng/mL and in-
creases in severe bacterial infections with systemic mani-
festations [19]. A serum procalcitonin level below 0.5 ng/
mL indicates a possible local infection and inflammation,
the absence of a significant inflammatory response and a
low risk of progression to severe systemic infection (severe
sepsis). Procalcitonin concentrations should be remea-
sured at 6- to 24-hour intervals due to the possibility of
disease development [19]. With serum procalcitonin con-
centrations ranging from 0.5-2.0 ng/mL, systemic infec-
tion (sepsis) is possible, systemic inflammatory response is
moderate, and the risk of a progression to severe systemic
infection (severe sepsis) is moderate as well. Procalcitonin
testing is recommended at 6-24 hours after the last mea-
surement [19]. Serum procalcitonin concentrations rang-
ing from 2-10 ng/mL indicate systemic infection, severe
systemic inflammatory response and a high risk of pro-
gression to severe systemic infection (severe sepsis). Daily
procalcitonin measurements are recommended [19]. Pro-
calcitonin values > 10 ng/mL indicate pronounced system-
ic inflammatory response, severe sepsis and septic shock,
as well as possible multiple organ dysfunction syndrome
and a high risk of death. Daily procalcitonin measurements
are recommended [19].

Cardiac injury biomarkers

Determination of the natriuretic peptides BNP and
NT-proBNP is needed to diagnose heart failure [20-24]. In
patients suffering from chronic kidney disease, serum BNP
and NT-proBNP concentrations may be increased, even if
clinical manifestation of heart failure is absent due to re-
duced renal function through decreased renal clearance
of natriuretic peptides, myocardial scarring and thicken-
ing of the left ventricular wall [20-24]. In patients whose
endogenous creatinine clearance is = 60 mL/min/1.73 m?,
BNP values greater than 100 pg/mL and NT-proBNP val-
ues greater than 300 pg/mL indicate heart failure. If en-
dogenous creatinine clearance is < 60 mL/min/1.73 m?
then BNP values greater than 200 pg/mL and NT-proBNP

@

values greater than 1200 pg/mL indicate heart failure [20-
24]. Cardiac troponins (cTnl/cTnT) are biomarkers used
to demonstrate ischaemia-induced myocardial injury [24,
25]. An increase in serum troponin I of > 20% from base-
line indicates ischaemic damage to cardiac cells (cardio-
myocytes), while values > 2.0 ng/mL indicate the develop-
ment of acute myocardial infarction [24, 25].

Renal injury biomarkers

In the last decade, a number of biomarkers for the early
detection of acute kidney injure were discovered: interleu-
kin-18, a kidney injury protein called KIM-1 (kidney injury
molecule-1), NGAL (neutrophil gelatinosa-associated li-
pocalin) and cystatin C [23-25]. Lipocalin is used in clinical
practice. NGAL values in urine in excess of 100 ng/mL two
hours after initial event indicate a development of acute
kidney damage [23-25]. Cystatin C is a cysteine protease
blocker filtered in the glomeruli and completely reabsorbed
by proximal tubular epithelial renal cells. An increase in
cystatin C serum concentrations over 0.3 mg/L in the first
48 hours from the initial event, when compared to baseline,
is indicative of the development of acute kidney injury. An
increase in the cystatin C serum concentration occurs 1-2
days prior to an increase in serum creatinine, indicating
that cystatin C is a more sensitive parameter for the detec-
tion of acute kidney injury compared to creatinine[23-25].

Mounitoring of patients with severe sepsis

and septic shock

Patients in intensive care units require monitoring of
infection parameters (e.g., WBC, CRP, procalcitonin), hae-
modynamic status parameters (e.g., mean arterial blood
pressure, central venous pressure [CVP] or internal jugu-
lar vein catheterisation, central venous oxygen saturation
[ScvO,], pulmonary capillary wedge pressure [PCWP] or
pulmonary artery catheterisation), perfusion parameters
and organ dysfunction (e.g., serum lactate concentrations,
cardiac index [CI], left ventricular ejection fraction [EF],
diuresis, serum creatinine concentration, platelet count,
D-dimer, protein C, coagulation status [PT, aPTT, INR])
126, 27].

Treatment of Type 5 Cardiorenal Syndrome

Strategic approach to prevention of

acute renal injury in sepsis

Guidelines for the management of severe sepsis high-
light the importance of early detection and timely admin-
istration of initial treatment within the first six hours of
symptom onset to stop the septic cascade. Initial treat-
ment should achieve a central venous pressure (CVP) of
8-12 mmHg, mean arterial blood pressure (MAP) greater
than 65 mmHg, diuresis greater than 0.5 mL/kg/h and cen-
tral venous oxygen saturation greater than 70% [28-32].
The treatment strategy for preventing the development of
acute kidney injury includes early goal-directed therapy
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(EGDT), which consists of increased early compensation
of blood volume in fluid circulation (i.e., at least 20 mL/kg
of crystalloids in the first hour of admission followed by
500 mL crystalloids every 60 minutes in first 6 hours until
a central venous pressure of 8 to 12 mmHg is reached)
with strict monitoring of patient response [28-32]. When
adequate compensation of the circulating blood volume
(3000 mL crystalloids) does not lead to increased blood
pressure (MAP < 65 mmHg) and adequate tissue perfu-
sion, a vasopressor treatment is used (dopamine or epi-
nephrine vasopressor therapy) while inotropic therapy
(dobutamine) is used when the cardiac index is reduced
(CI < 2.2 L/min/m?) [28-32]. The saturation of central
venous blood reflects a balance in oxygen transport and
oxygen consumption; thus, when saturation falls below
70%, even after CVP and MAP are normalised and hae-
matocrit levels are less than 30%, a transfusion of packed
red blood cells should be administered [27-32]. In tertiary
health care institutions, EGDT is administered in the clin-
ical practice by only 7% of physicians attending to ICU pa-
tients. Training of health care professionals in ICUs plays
an important part in the use of early goal-directed therapy
in septic patients [28-32].

Sepsis treatment

Intravenous antibiotic therapy should be initiated im-
mediately within the first hour of determining sepsis
symptoms and following the collection of peripheral blood
samples. Effects of antibiotic therapy should be evaluated
after 48-72 hours using microbiological and clinical data,
and antibiotic drugs should be used in accordance with
the antibiogram. Source of infection (e.g., abscess, infected
necrotic tissue, gastrointestinal perforation) should be re-
moved as soon as possible using the least aggressive surgi-
cal method in accordance with adequate patient care [28].

Additional therapies used in the treatment of severe
sepsis and septic shock include corticosteroids and recom-
binant human activated protein C (rhAPC - drotrecogin
alfa). Intravenous corticosteroids are recommended in pa-
tients with septic shock with relative adrenal insufficiency,
as indicated by a cortisol increase of less than 9 pg/dL af-
ter the application of 250 pg adrenocorticotropic hormone
(ACTH) [28]. Hydrocortisone at 50 mg IV g6h for 5 days
is to be administered, and the dose should be gradually
decreased to 50 mg IV q12h through 6-8 days, followed
by an increase to 50 mg IV q24h through 9-11 days [28].
Recombinant human activated protein C (rhAPC) exerts
anti-thrombotic, profibrinolytic, anti-inflammatory and
cytoprotective effects [28, 32-34]. It is used in patients with
sepsis and multiple organ dysfunction syndrome (MODS)
or in patients suffering from septic shock with high risk of
death (APACHE score > 25) when there is no absolute con-
traindication due to bleeding (i.e., active internal bleeding,
cerebral bleeding in the last three months) at a dose of 24
ug/kg/h for 96 h as an IV infusion [28, 33-35].

Frequent glucose control as well asand continued glu-
cose and insulin infusion to achieve a target blood glucose
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level of 6-9 mmol/L are recommended. Lactic acidosis
treatment includes bicarbonate therapy when arterial
blood pH decreases below 7.15. Stress ulcer prophylaxis is
achieved by hydrogen receptor blockers. Unfractionated
heparin and low molecular weight heparin (LMWH) are
used for the prevention of deep vein thrombosis in ade-
quate dose monitoring (anti-factor Xa activity) [28, 33].

In patients in intensive care units suffering from severe
sepsis and septic shock, acute lung injury and acute kidney
injury may occur simultaneously (i.e, multiple organ dys-
function syndrome). Acute lung injury (ALI) (arterial oxygen
tension PaO, and fractional inspired oxygen FiO, ratio below
300), acute respiratory distress syndrome (ARDS) (PaO,/FiO,
ratio below 200) and mechanical ventilation contribute to the
development of acute kidney injury (direct interconnected-
ness between lungs and kidneys) [36-38]. Positive pressure
ventilation (PPV) (mechanical ventilation) lowers renal per-
fusion with its haemodynamic and non-haemodynamic ef-
fects. Positive pressure ventilation increases the pressure in the
chest cavity and decreases venous return (preload reduced),
resulting in decreased heart rate and cardiac output and, con-
sequently, the activation of neurohormonal systems, such as
the renin-angiotensin-aldosterone system, sympathetic nerv-
ous system and non-osmotic vasopressin system, release and
ANP production. Finally, the activation of neurohormonal
systems will reduce renal blood flow, decrease glomerular
filtration rate (GFR), and increase sodium and water reten-
tion in the patient’s body [36-38]. Patients in septic shock with
acute respiratory failure should undergo protective lung ven-
tilation using low respiratory volume (tidal volume of 6 mL/
kg of ideal body weight), with end-inspiratory pressure pla-
teau below 30 cmH, O, while using the smallest positive end-
expiratory pressure (positive end-expiratory pressure - PEEP)
to achieve satisfactory oxygenation [36-38].

Methods of extracorporeal blood cleansing
in septic patients

Sepsis is the leading cause of death in intensive care
units. Treatment using extracorporeal blood cleansing
techniques change a patient’s immune response to the
infection by non-selectively removing inflammatory me-
diators and toxins/bacterial products [39]. Endotoxins and
other bacterial products (e.g., lipopolysaccharide [LPS],
peptidoglycan, flagellin) stimulate increased production
and release of cytokines into the serum of septic patients
(“cytokine theory”). Increased concentrations of serum
cytokines play an important part in the development of
multiple organ dysfunction syndrome (MODS) (the as-
sumption of “peak levels”). Removal of cytokines from a
septic patient’s serum significantly improves renal and pa-
tient outcomes. The two most important extracorporeal
cleansing techniques for cytokine blood removal are high-
volume continuous veno-venous haemofiltration (HVHF)
and continuous veno-venous haemodiafiltration using a
polymethylmethacrylate membrane haemofilter (PMMA-
CDHE) [39].



Treatment initiation time for dialysis

supportive therapy

In patients with AKI, it is necessary to assess the sever-
ity of injury and the presence of absolute indications for
treatment with renal replacement therapy (RRT) (dialysis
supportive therapy). Absolute indications for initiation of
dialysis treatment include: serum urea concentration > 36
mmol/L, complications of uraemia (uremic encephalopa-
thy, uremic pericarditis), resistant hyperkalaemia (K* > 6.5
mmol/L with or without electrocardiographic changes),
hypermagnesaemia (Mg?* = 4.0 mmol/L and absence of
deep tendon reflexes), severe metabolic acidosis (arterial
blood pH < 7.15) and volume overload (pulmonary oe-
dema) resistant to diuretics in the presence of oligoanuric
AKI [40]. In patients with severe AKI (RIFLE-F or AKIN
III), initiation of dialysis supportive therapy is to be con-
sidered, and increased monitoring and treatment is recom-
mended in those with mild/moderate AKI (RIFLE-R or I,
AKIN I or II). Prior to making a decision to initiate RRT
treatment in patients with mild or moderate renal injury,
the treatment objectives, primary diagnosis, severity of the
patient’s clinical condition, renal functional reserve and
the need to prevent development of complications should
be taken into account. In patients with sepsis (high catabo-
lism), there is a potential benefit of early initiation of di-
alysis treatment [40]. When making the decision to start
dialysis treatment with supportive therapy, clinical condi-
tions that adversely affect renal function in ICU patients,
such as increased intra-abdominal pressure, mechanical
positive pressure ventilation and use of nephrotoxins and
radiocontrast agents, should be considered [40].

Selecting modes of dialysis supportive therapy

Patients with AKI are treated with numerous dialysis
modalities, employed to remove uremic toxins and sub-
stances from the blood using mechanisms of diffusion
(peritoneal dialysis, standard haemodialysis, slow low effi-
ciency dialysis [SLEDD], continuous veno-venous haemo-
dialysis), convection (intermittent haemofiltration, contin-
uous veno-venous haemofiltration [CVVHF], continuous
veno-venous high-volume haemofiltration [HVHF]), a
combination of diffusion and convection (intermittent hae-
modiafiltration, slow low-efficiency diafiltration [SLEDDf],
continuous veno-venous haemodiafiltration [CVVHDEF])
and adsorption (continuous veno-venous haemodiafiltra-
tion using a polymethylmethacrylate membrane haemofil-
ter [PMMA-CHDF]) [41-49].

Intermittent haemodialysis is performed in patients
who are haemodynamically stable, with high levels of
nitrogen and severe hyperkalaemia, and in patients with
an increased risk of bleeding. Individual session doses
for conventional intermittent (3 times per week) and en-
hanced intermittent (6 time per week) haemodialysis are
single pool Kt/V index > 1.2 [47, 48]. Intermittent hae-
modialysis has little impact on most of the major inflam-
matory cytokines. Hybrid modes of dialysis therapy, such
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as slow low-efficiency dialysis (SLEDD), provide excel-
lent clearance of low molecular weight uraemic toxins,
moderate clearance of medium molecular weight uremic
toxins and good haemodynamic stability of patients [47,
48]. Individual session doses for conventional SLEDD (3
times per week for 6-12 hrs) and enhanced SLEDD (6
times per week for 6-12 hrs) are a single pool Kt/V in-
dex > 1.2 (single pool Kt/V index = 1.2-1.4) [47, 48]. SSC
(Surviving Sepsis Campaign) guidelines recommend that,
in the absence of haemodynamic instability, intermittent
and continuous dialysis treatment modalities should be
equally considered [49]. Haemodynamically unstable pa-
tients (septic shock) in intensive care units suffering from
AKI, with multiple organ dysfunction syndrome, elevated
levels of serum cytokines (interleukin-6 concentrations >
1000 pg/mL), increased catabolism and hypervolaemia
require treatment modalities of continuous renal replace-
ment therapy (CRRT) [41-49].

Most immune system mediators are substances of me-
dium molecular weight (5-50 kD), soluble in water and
removable using continuous renal replacement modali-
ties. The standard dialysis dose in continuous veno-venous
haemofiltration (CVVHF) and continuous veno-venous
haemodiafiltration (CVVHDF) is 20-30 mL/kg/h, while
in patients with sepsis and acute kidney injury the dose of
continuous dialysis modality should be 35 mL/kg/h [41-45,
50, 51]. High-volume continuous veno-venous haemofil-
tration (HVHF) is used for the removal of pro- and anti-
inflammatory mediators, due to the high convective trans-
port, at > 35 mL/kg/h. It may be used continuously, with an
ultrafiltration rate of 50-70 mL/kg/h (35-80 mL/kg/h) over
24 hours, or as pulse high-volume haemofiltration, with
an ultrafiltration rate of 85-100 mL/kg/h (100-120 mL/
kg/h) over 4-8 hours, followed by the standard dose after-
wards [48-50]. High-volume haemofiltration significantly
reduces the concentration of inflammatory mediators and
restores the balance between inflammatory syndrome and
compensatory anti-inflammatory systemic responses [41-
45, 50, 51].

Continuous veno-venous haemodiafiltration with
PMMA membrane (PMMA-CHDF) is administered within
24 hours of developing septic shock, and it removes cytok-
ines via the adsorption process to the dialysis membrane
matrix (i.e., cytokine adsorption to highly specific mem-
branes/membranes with high cytokine removal capacity).
It is effective in the treatment of clinical conditions asso-
ciated with increased concentration of serum cytokines
(interleukin-6 concentrations 6 > 1000 pg/mL), such as
septic shock, multiple organ dysfunction syndrome caused
by sepsis, acute respiratory distress syndrome and severe
acute pancreatitis [41-45, 50, 51]. The results of clinical
trials (EUPHAS Study) show that PMMA-CHDF is more
effective in cleansing blood of patients with severe sepsis
and septic shock compared to PMX-DHP (Polymyxin-B di-
rect haemoperfusion), which plays an important part in the
removal of endotoxin (lipopolysaccharide) from the blood
of septic patients [41-45, 50, 51].
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Continuous modalities of dialysis supportive therapy
should provide haemodynamic stability and homeostasis
of the immune system. It provides an opportunity to use
CRRT not only as supportive therapy, but also but also as
a treatment to prevent injury progression and the devel-
opment of multiple organ dysfunction syndrome in septic
patients [50, 51].

Conclusion

The early identification of patients at increased risk for
developing acute kidney injury and timely implementation
of an appropriate treatment plan can prevent the devel-
opment of acute kidney injury and reduce morbidity and
mortality in septic patients. Haemodynamically unstable
patients (septic shock) in intensive care units suffering
from acute kidney injury, on mechanical respiration, with
multiple organ dysfunction syndrome, elevated levels of
serum cytokines, increased catabolism and hypervolaemia
require treatment modalities of continuous renal replace-
ment therapy. Well-controlled, prospective, randomised
clinical trials should more precisely determine the place
and role of various modalities of dialysis therapy in pa-
tients with sepsis and AKI in intensive care units.
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Dear Editor,

In the Balkan countries, submissiveness to medical au-
thorities is a widespread attitude among physicians, who
consider ministries of health to be a primary source of
initiative for the introduction of new knowledge and skills
in medical practice [1]. To examine whether such an atti-
tude might inhibit the practice of evidence-based medicine
(EBM) by family physicians, we conducted a qualitative,
semi-structured survey of a sample of family physicians in
Podgorica, Montenegro. The topic of the survey interview
was secondary prevention of related morbidity and mor-
tality of patients who have experienced myocardial infarc-
tion (MI).

The interview schedule was developed through con-
sultation with fellow clinical pharmacists and pharma-
cologists, and its face and content validity were checked
means of using a pilot study. Eight physicians (age range:
45 — 57 years; 5 males and 3 females), out of a total of 57
family physicians working in 14 state-owned primary care
facilities serving 150,000 inhabitants in Podgorica, were
randomly sampled and interviewed. To analyse the taped
interviews, the framework approach, validated through re-
peat analysis, was employed.

The findings suggest that, despite the explicitness
and robustness of evidence for secondary prevention
of related morbidity and mortality of patients who have
experienced MI and the broad availability of open-ac-
cess sources of such evidence, primary care physicians
in Podgorica are unaware of either effective prophylac-
tic therapy or the evidence-based information sources.
In addition, we observed a discrepancy between in-
formation that was explicitly described by interview
subjects as reliable and influential (for example, CME
events or journals), despite its unavailability, and ex-
tensively -used sources that prescriptions were actual-
ly based on. Physicians mostly relied on non-evidence
based sources of information, such as opinion leaders,
colleagues, unsystematic experience, pharmaceutical

Accepted / Prihvacen: 26.12.2013.

companies and uncritical internet searches [2]. Their
main goals were to become “encouraged”, ‘affirmed”
and ‘supported”, which resulted in psychological gain
but did not guarantee benefits for patients. The most
trustworthy information sources were regarded as
national experts recognised by the heath authorities,
namely, well known “professors’, regardless of whether
they practiced EBM.

An interesting finding of our study was unsubstantiated
enthusiasm for EBM among interviewed family physicians.
Although they had a false conception of research evidence,
lacked retrieval and appraisal skills, practiced therapeu-
tic conservatism, and relied on “shortcuts” in interpret-
ing research studies, they nevertheless highly valued the
role of research evidence in clinical decision-making [2].
EBM appeared to them as an ideal that is not applicable in
everyday work. They complained of many contextual and
individual barriers: unavailability, inaccessibility and a lack
of organised dissemination of unbiased, up-to-date infor-
mation. In addition, they cited reluctance to change prac-
tice patterns and practical constraints. However, they did
not perceive themselves as main sources of change but ex-
pected initiatives from outside sources, primarily the state
and its responsible officers. They expected educational, or-
ganisational, and structural interventions, which will “tell
them what to do”

Passivism, conservatism and submissiveness to health
authorities were also observed in studies of primary care
physicians’ attitudes towards EBM conducted in other
countries with authoritarian social structures [3, 4]. In-
stead of directly using numerous free EBM resources avail-
able on the Internet for self-education and implementing
this knowledge into their practices, the majority of primary
care physicians in such countries expect to be offered for-
mal education organised and conducted by health authori-
ties and their “experts” [3, 4, 5]. Although they have heard
of EBM and view it positively, primary care physicians gen-
erally lack sufficient initiative to alter their routine behav-
iour and make significant changes.
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