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Abstract
Background. Bone marrow-derived mesenchymal stem cells (MSCs) are reported to improve hepatic 
fibrosis, and may impact the signaling mechanisms leading to the induction of hepatocellular carcinoma 
(HCC) in animal models of liver cirrhosis.

Objectives. The aim of this study was to clarify and explain the therapeutic role played by MSCs in hepatic 
cirrhosis and HCC by tracking them using nanoparticles.

Material and methods. Liver cirrhosis and HCC were established in rats with the use of carbon tetrachlo-
ride and diethylnitrosamine injection. Magnetic resonance imaging (MRI) was used to track nanoparticle-
labeled MSCs in the intact animal following injection and to monitor the changes in the hepatic parenchyma.

Results. Labeling of MSCs with iron oxide nanoparticles did not adversely affect their viability and 
proliferation. MRI indicated a  significant reduction in tumor mass in the labeled MSCs group compared 
to the control group. Histopathologic examination of the liver, following MSCs treatment, showed an appar-
ently normal looking liver with no evidence of neoplastic cellular changes. The biochemical results support 
these findings.

Conclusions. This work documents that MSCs could be labeled with nanoparticles and traced in normal 
and cirrhotic liver and in liver with HCC in animals using MRI. MRI monitors the homing and localization 
of  MSCs in the liver. MSCs infusion in animal models of cirrhosis and carcinoma may prove to be use-
ful in limiting the cirrhotic process. Also, it may have a possible therapeutic potential on the carcinogenic 
process.

Key words: liver cirrhosis, nanoparticles, stem cells, hepatocellular carcinoma
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Introduction

Hepatocellular carcinoma (HCC) is a  widespread, 
treatment-resistant malignancy, culminating in various 
molecular etiologies.1 It is a significant worldwide health 
problem with more than half a million cases diagnosed 
annually.2 Current data indicate that during transforma-
tion to cancer, 2 main pathogenic mechanisms occur: cir-
rhosis after tissue damage and mutations in oncogenes or 
tumor suppressor genes. Both mechanisms are followed 
by changes in important intracellular signals. Targeting 
these signaling pathways may have a therapeutic perspec-
tive, as it may help to reverse, delay or prevent carcino-
genesis.1

Mesenchymal stem cells (MSCs) are being investigated 
as possible anti-cancer agents indicating a potential to be 
used to treat different types of malignant tumors. In a re-
view by Shah, it was reported that stem cell therapy holds 
a remarkable promise for the treatment of human disease.3 
MSCs possess inherent migratory properties toward tu-
mor cells. This may enable their use as a means for deliver-
ing effective, targeted therapy to tumor cells. They could 
be programmed to express anti-proliferative, pro-apoptot-
ic, anti-angiogenic agents, targeting different cancer types. 

Qiao and coworkers showed that human mesenchymal 
stem cells (hMSCs) can localize tumor sites, preventing the 
proliferation of tumor cells.4 Others reported that hMSCs, 
in high proportions, inhibited the proliferation of HepG2 
human liver cancer cell lines through mitogen-activated 
protein kinase (MAPK) and phosphatidylinositol 3-kinase 
(PI3K) signaling pathways.5 The stem cells seem to create 
signals leading to the inhibition of cell proliferation and 
stimulation of differentiation.6 Tumor cells are capable 
of secreting factors that can attract hMSCs to the tumor 
site.7 MSCs were proven to regenerate damaged livers. 

Currently, super paramagnetic iron oxide nanopar-
ticles (SPION) are safely used for cell tracking.8 In vivo 
tracking and visualization of the transplanted stem cells 
is an essential means for monitoring their tissue localiza-
tion and may confirm their therapeutic potential.9

This study aimed to confirm the role played by MSCs 
in the amelioration of hepatic pathology in the rat model 
of cirrhosis/HCC, through MRI tracking of cells labeled 
with iron oxide nanoparticles. Also, to elucidate the mo-
lecular signals responsible for the transformation of liver 
cells to cancer. The combination of cell labeling and MRI 
tracking in a time dependent manner with close follow-up 
of the lesion size and histologic changes provide a novel, 
more objective assessment of the role of MSCs in disease 
control. 

Material and methods

The  approval of the biomedical research ethics com-
mittee of the Faculty of Medicine, King Abdulaziz  

University (KAU), Jeddah, was obtained prior to the 
study. All the institution guidelines for conducting ani-
mal research were followed throughout this work.

Preparation of bone marrow derived MSCs

The method used was a modification of that of Abdel 
Aziz et al.10 Bone marrow was collected from the long 
bones of male rats, and washed with Dulbecco’s Modi-
fied Eagle’s medium (DMEM, GIBCO/BRL) supplement-
ed with 10% fetal bovine serum (GIBCO/BRL) and 1% 
penicillin–streptomycin (GIBCO/BRL). Unattached cells 
were removed daily, and adherent cells were kept in the 
incubator at 37°C in 5% humidified CO2 for 10–15 days 
as primary culture. When the cells reached 80–90% 
confluence, they were washed twice with phosphate 
buffer saline (PBS), and trypsinized with 0.25% trypsin 
in 1  mM EDTA (GIBCO/BRL) for 5 min at 37°C. Cells  
were then centrifuged and resuspended in 50 cm2 culture 
flasks (falcon), and incubated (first passage cultures). 
MSCs in culture were characterized by their adhesive-
ness and spindle shape and by flow cytometry. 

Flow cytometry analysis

MSCs were characterized using cell surface markers 
to confirm their identity by being CD29+ and CD45– 
using specific monoclonal antibodies (Alexa Fluor 488 
anti-mouse/rat CD29 antibody, cat# 102212 and PE Anti-
rat CD45 antibody, cat# 202207, BioLegend, California, 
USA). 5 × 105 cells were mixed with 10 μL of the fluo-
rescent-labeled monoclonal antibodies, then incubated 
in the dark at 2–8°C for 30 min. They were washed twice 
with phosphate buffered saline (PBS), and the pellet was 
re-suspended in PBS and analyzed immediately on FACS 
Aria III (Becton Dickinson, New Jersey, USA).

Labeling of MSCs with iron oxide 
nanoparticles

Fluid MAG-nanoparticles (Chemicell, Berlin, Germa-
ny) are ferrofluid, 200-nm-diameter particles composed 
of a magnetite core coated by hydrophilic polymers protec-
tive against aggregation.11 To improve the ability of these 
particles to be endocytosed by MSCs, poly-l-lysine was 
utilized as a prospective vehicle for iron oxide nanoparticle 
transport into cells.12

MSCs were counted, then seeded in micro-well plates 
at the density of 105 cells/well in a  culture medium. 
They were then incubated with medium containing 25 µg 
Fe/mL and 0.75 mg/mL Poly-l-lysine for 24 h.

To confirm MSCs labeling with iron oxide nanoparti-
cles by transmission electron microscopy, cells were tryp-
sinized, washed 3 times with PBS, centrifuged, and fixed 
in reagent (glutaraldehyde). The  viability of unlabelled 
MSCs and those incubated with SPION was analyzed  
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by Micro culture Tetrazolium Assay (MTT, Sigma Chem-
ical Company, St Louis, USA). 

Animal model for liver cirrhosis  
and hepatocellular carcinoma

Female albino rats, bred in the animal facilities of King 
Fahd Center for Medical Research (King Abdulaziz Uni-
versity, Jeddah) were included in the study. They ranged 
in age between 16 and 24 weeks. Their body weight was 
120–150 g. 

HCC was induced by a single intra-peritoneal injection 
of Diethylnitrosamine (DENA, Sigma, USA), containing 
200 mg/kg body weight.13

Liver cirrhosis was induced by subcutaneous injec-
tion of 3 mL/kg body weight of carbon tetrachloride 
(CCl4) in castor oil.13 Injection was carried out 3 times 
in the 1st week, then twice per week for 12 weeks. Ani-
mals were divided equally into 4 groups (10 animals 
each). The 1st group is a control group of 10 normal rats 
that received castor oil subcutaneously. Five of them re-
ceived labeled MSCs after 12 weeks to serve as a control 
for the radiology study. Cells were injected into the rat-
tail vein (3 × 106 cells in PBS). Cells were injected twice 
with 1-week interval between injections. The  same cell 
count and injection protocol was followed in all groups. 
The 2nd group (no treatment group) included rats, which 
received MSCs vehicle (PBS) only after induction of HCC 
by DENA and CCl4. The 3rd group included rats, which re-
ceived MSCs after induction of HCC by DENA and CCl4 
(treatment group). The  4th group included rats, which 
received iron oxide nanoparticles-labeled MSCs after in-
duction of HCC by DENA and CCl4. Rats from this group 
were included in the radiological study only to follow the 
disease progression by MRI. 

Histological examination

Liver tissue sections were fixed in buffered formalin, par-
affin-embedded, then cut at 5-µm sections and stained with 
hematoxylin and eosin. Liver tissue was analyzed for the 
HCC induction and progression of treatment with MSCs. 

Magnetic resonance imaging 

Localization and tracking of the migration of stem cells 
to the site of the lesions was observed using iron nanopar-
ticles. MRI was used to track the injected cells in a time 
dependent manner. 

The scans were performed on a Biospec 94/30 USR re-
search MR scanner utilizing a T2 Turbo RARE (rapid ac-
quisition with relaxation enhancement).14,15 T2 weighted 
MR sequences are best suited to evaluate the liver in cas-
es of cirrhosis and hepatocellular carcinoma.16 The base 
component of nanoparticles is iron oxide, which being 
para-magnetic, causes shortening of the T2 signal.17,18

Two separate time course MR imaging were employed. 
Axial T2 Turbo RARE images were performed on rats with 
nanoparticle labeled MSCs (Fig. 5) on days 5, 7, 9 and 13 
after the 1st dose; and days 2 and 6 after the 2nd dose of the 
nanoparticle labeled stem cells. Additionally, in the rats 
with nanoparticles, Axial T2 RARE scans were performed 
at time intervals of 30 min after injection of the nano-la-
beled stem cells up to 90 min. Care was taken to ensure that 
the sequence parameters were kept standard in all scans 
(TR – 110 ms, TE – 27 ms, FA – 180 degrees, NEX 4).

Biochemical investigations

Serum activities of enzymes aspartate aminotrans-
ferase (AST) and alanine aminotransferase  (ALT) were 
measured by the Flex® reagent cartridges using the Di-
mension Vista® system analyzer (Siemens Healthcare Di-
agnostics Incorporated, Newark, USA). Serum level of rat 
α-fetoprotein was measured by enzyme linked immuno-
sorbent assay (ELISA) using a kit purchased from USCN 
Life Science (Wuhan, China).

Molecular studies

Ribonucleic acid (RNA) isolation 

Total RNA was isolated from liver tissue with the MagNA 
Pure Compact (Roche) System according to the manufac-
ture’s protocol for RNA purification (Cat# 04802993001). 

Reverse transcription polymerase chain reaction  
(RT-PCR) and real time PCR assay

In brief, complementary deoxyribonucleic acid (cDNA)
was generated from total RNA using High-Capacity 
cDNA Reverse Transcription (Applied Biosystem, and 
Cat  #  4375222). RT-PCR was performed in duplicate on 
AB StepOne Plus System using TaqMan® Universal PCR 
Master Mix. The total reaction volume was 20 µL. Expres-
sion patterns were evaluated for cyclin D1, beta-catenin and 
survivin, using TaqMan gene expression assays (Applied 
Biosystems; Rn00432360, Rn00584431, and Rn00574012, 
respectively). Real Time PCR was then performed. Cycling 
condition included: initiation step at 95°C for 2 min, de-
naturation at 95°C for 1 min, annealing at 60°C for 30 s, 
extension at 72°C for 30 s, followed by 40 cycles. Relative 
gene expression data was analyzed using a  mathemati-
cal equation. Hypoxanthine phosphoribosyltransferase 1 
(Hprt1, AB, Rn01527840) was used as endogenous control 
for normalization. 

Statistical analysis

Statistical analysis for all studied parameters was car-
ried out using the Statistical Package for Social Sciences 
v. 16 (SPSS, Inc. Chicago, USA). Significance level was 
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Fig. 1. Flow cytometric analysis of rat MSCs

Fig. 2. Detection of nanoparticles inside labeled MSCs using transmission electron microscope

A – normal mesenchymal stem cell that did not receive nanoparticles (×4600); B – iron oxide nanoparticles detected inside the cytoplasm of mesenchymal 
stem cells (red arrows, ×2600).

set at <0.05. Univariate analysis of data was carried out 
by applying measures of central tendency to describe 
quantitative variables, mean and standard deviation 
(SD). A one-way analysis of variance (ANOVA) was used 
to test for difference in the readings between the control, 
no treatment and treatment groups. When significance 
was found, it was followed by a post hoc test to determine 
significant inter-group difference.

Results

Isolated rat bone marrow MSCs were identified by their 
fusiform shape. Flow cytometry confirmed their identity 
by being CD29+ and CD45– (Fig. 1). 

Labeling of MSCs with iron oxide nanoparticles was 
successful as detected by transmission electron micro-
scope (Fig. 2). Viability of MSCs was not adversely affect-
ed by iron as proven by viability assay (Fig. 3). 

Histology findings

The investigators succeeded in developing the desired pa-
thology of cirrhosis (Fig. 4. C, D) and hepatocellular carci-
noma (Fig. 4. E, F) in the rat model. This is in comparison 
to the normal liver shown in Fig. 4 (A, B). The liver restored 
its original histologic architecture after treatment with 
MSCs (Fig. 4. G, H), which shows apparently normal look-
ing liver trabeculae and sinusoids with no evidence of pre-
neoplastic or neoplastic cellular changes.

Magnetic resonance imaging findings

A  sequential fall in the signal intensity of the liver was 
detected in the scan performed at 30 min intervals (Fig. 5). 
Given the paramagnetic properties of nanoparticles, there 
is a  fall in signal associated with SPION-labeled MSCs 
reaching the liver. This fall in signal intensity was noted 
for a  further 48 hours after which the signals increased  

The cells were CD29+ (A) and CD 45– (B). MSCs were stained using Alexa Fluor 488 anti-mouse/rat CD29 antibody (A. Positive) and PE Anti-rat CD45 antibody 
(B. Negative). These molecules are surface markers for the characterization of MSCs.
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(Fig. 6). This is most likely due to a  combination of the 
nanoparticles excretion and the regeneration of liver paren-
chyma due the effect of the infused MSCs. A representative 
nodule was chosen in each of the scans, and its dimensions 
were measured over time using a vendor provided calipers 
tool with measurements in millimeters. The lesion showed 
a significant reduction in dimensions (Fig. 7).

Biochemical findings

Rats treated with MSCs showed a significant decrease 
in serum level of α-fetoprotein, and serum activities 
of  ALT and AST after MSCs therapy, when compared 
to the diseased untreated group (Table 1). The same ef-
fect was observed with both labeled and unlabeled cells. 
However, AST activity and the level of α-fetoprotein re-
mained significantly higher in the MSCs treated group 
when compared to the control group.

Molecular findings 

Gene expression of survivin, cyclin D1 and beta-catenin 
were compared before and after MSCs therapy (Fig. 8). 
A decrease in the gene expression of cyclin D1 was ob-
served with stem cell therapy. This decrease was not sta-
tistically significant when compared to the control and 
the no treatment groups. Gene expression of beta-catenin 
was significantly lower in the treatment group compared 
to the control and the no treatment groups.

Table 1. Comparison of mean levels of serum activity of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and serum level  
of α-fetoprotein in the studied groups

Study groups ALT U/ L  
mean ±SD

AST U/L  
mean ±SD

α-fetoprotein ng/mL  
mean ±SD

Control group 82.00 ±3.91 41.25 ±3.50 0.278 ±0.07

No treatment group 304.25 ±77.69a 545.50 ±81.32a 27.435 ±2.97a

Treatment group 89.25 ±27.62b 182.00 ±68.10b, c 1.261 ±0.88b, c

p-value  (ANOVA ) 0.000* 0.000* 0.000*

p-value significant at <0.05; *p-value significant between all tested groups; a p-value significant between control and the untreated group; b – p-value 
significant between untreated group and the treatment group; c – p-value significant between control and treatment group. 
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Fig. 3. Effect of iron oxide nanoparticles on the viability of rat MSCs Fig. 4. Normal liver tissue (A, B), cirrhotic liver (C, D) and hepatocellular 
carcinoma (E, F)

Pictures A and B show normal liver tissue in control group (HE ×100 
and ×400). Pictures C and D reveal cirrhotic livers; there is an abnormal 
arrangement of hepatocytes around 2 central veins (arrow), and 
the nodule is totally surrounded by inflamed fibrous tissue septa with 
thickening of liver plates and distortion of portal tracts (HE ×200 and 
×400). Pictures E and F are presenting hepatocellular carcinoma; there are 
areas of invasive cells assuming a trabecular pattern (E), whereas in picture 
D there are pleomorphic hepatocytes with hyperchromatic nuclei, 
prominent large nucleoli, scattered mitotic figures (arrow) and high N/C 
ratios (HE ×100 and ×400). Following treatment with MSCs (G and H), 
the liver shows apparently normal looking liver trabeculae and sinusoids 
with no evidence of preneoplastic or neoplastic cellular changes  
(HE ×200 – ×400).
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Discussion

This work aimed at investigating the therapeutic po-
tential of MSCs on HCC in the rat model of liver cirrho-
sis/HCC. The work intended to document and correlate 
radiologic evidence with both histological and molecular 
evidence of the reported healing effect of MSCs. 

MSCs were isolated from the bone marrow of male 
rats and propagated in culture. MSCs were identified 
by  their morphology and flow cytometry. These results 
are in agreement with those of Abdel Aziz et al., who de-
veloped a rat model of cirrhosis and HCC.13 Scientists iso-
lated MSCs from the bone marrow of rats and were able 
to use them to treat both liver cirrhosis and HCC.

The MSCs were labeled with iron oxide nanoparticles, 
which did not affect their viability or proliferative ability. 
These results are in agreement with those of Wang et al., 
2009.14 They found that growing Adipose tissue derived 
MSCs (ASCs) in SPION-containing medium did not ad-
versely affect the survival rate (97–99%). The labeled cells 
continued to function normally and to express cell factors, 
and were able to trans-differentiate. The study concluded 

that SPION did not affect viability, trans-differentiation 
potential or cell-factor secretion of ASCs. The results also 
agree with those of Zhao et al., who transplanted SPION 
labeled MSCs via the rat tail vein and the portal vein into 
fibrotic rat livers, then visualized them by MRI.19 

In  this work, MSCs injection improved hepatic pa-
thology as depicted by the diminishing cirrhosis and 
the signs of recovery in the affected liver. These findings 
agree with those of Abdel Aziz et al. and Zhao et al.13,19 
The biochemical, molecular and radiologic findings con-
firmed the recovery of the injured liver. The  mean se-
rum level of α-fetoprotein showed a  significant decline 
in the animals that received MSCs therapy compared  

Fig. 5. Sequential fall in the signal intensities at scan intervals of 30 min, 
denoting the paramagnetic effect of the nanoparticles

Fig. 6. Changes in signal intensity of the liver in the labeled rat (decrease 
for up to 24 h after which an increase in signal intensity was detected)

Fig. 7. Axial T2 Turbo RARE images of rat livers infused with nanoparticle-
labeled MSCs

A representative nodule was chosen and measured in equivalent cuts  
in serial scans performed on days 0, 1, 2 and 6 after MSCs injection.  
The serial cuts demonstrated interval decrease in dimensions  
(Day 0 = 2.63 mm, Day 1 = 2.36 mm, Day 2 = 1.77 mm, Day 6 = 1.39 mm).

Fig. 8. Gene expression of survivin, cyclin D1 and beta-catenin with  
and without MSCs treatment

The expression of these genes was assessed by real-time polymerase 
chain reaction. MSCs therapy decreased the expression of cyclin D1  
and beta-catenin. Significant decline was observed with beta-catenin.
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to the no treatment group. Serum activities of ALT and 
AST significantly declined following MSCs therapy. 
These results are in agreement with those of Zhao et al.19

Time course MRI was adopted to confirm the hom-
ing of MSCs to the injured liver, and to document their 
therapeutic effects by correlating the radiologic findings 
to  the  hepatic pathology. Figure 5 follows the labeled 
MSCs into the injured liver by MRI. There was an ini-
tial decline in signal intensity, coinciding with MSCs in-
jection and continuing for 24–48 h. This was followed 
by a gradual increase in signal intensity till the animals 
were sacrificed. The decline in signal intensity could be 
explained by the homing of iron-labeled cells into the 
liver in the first 24–48 h following IV injection. The in-
crease in intensity thereafter may be explained by the im-
provement in liver pathology associated with MSCs in-
jection, as well as the clearance of iron from the injected 
cells, possibly through extrusion and biliary excretion or 
engulfment by hepatic Kupffer cells. Figure 7 is focused 
on  measuring the size of a  representative focal lesion 
in the liver and the progressive decline in its diameter as-
sociated with stem cell therapy. This confirms and cor-
relates with the amelioration of hepatic pathology. 

Bos et al. used magnetic resonance imaging (MRI) for 
tracking SPION-labeled MSCs.20 These labeled cells were 
transfused into the renal arteries and portal veins of rats. 
SPION labeling had no hazardous effect on the viability 
and differentiation of the injected cells. The liver showed 
diffuse granular appearance associated with stem cell in-
fusion. The study concluded that MRI is important for 
monitoring of SPION-labeled MSCs in vivo, in the liver. 
The results also agree with those of Zhao et al., who used 
MRI to confirm that SPION-labeled MSCs colonized 
the  liver.19 They concluded that in vivo MRI of SPION-
labeled MSCs can be used to trace real-time liver healing 
during clinical treatment following hepatectomy. How-
ever, they did not use the MSCs to treat cirrhosis or HCC.

Bayo et al. investigated the possible relation between 
MSCs, autocrine motility factor (AMF) and HCC.15 
The study investigated the role played by AMF in mediat-
ing the migration of MSCs, of various sources, towards 
human HCC. The AMF produced by HCC was found 
to  induce the migration of different MSCs in vitro, and 
to enhance their metalloproteinase 2 activities. Stimu-
lation of MSCs with recombinant AMF also induced 
the  in vitro adhesion to endothelial cells and increased 
the attraction of MSCs towards HCC tumor cells. They 
concluded that AMF plays a  role in MSCs recruitment 
towards HCC. Gene expression of survivin, cyclin D1 
and beta-catenin were compared with and without MSCs 
therapy. Decrease in gene expression of cyclin D1 was 
observed with stem cell therapy, though it was not sta-
tistically significant when compared to both the control 
and the no treatment groups. However, the expression 
of beta-catenin was statistically significant when com-
pared to both the control and the no treatment groups. 

Beta-catenin activation has been linked to the develop-
ment of HCC.21 Therefore, in this work, the decline in its 
expression observed with MSCs treatment might be one 
of the mechanisms through which MSCs exert their po-
tential anti-tumor effect. The  results of cyclin D1 and 
beta-catenin are in agreement with those of Abdel Aziz 
et al., who showed that MSCs decreased the level of gene 
expression of several carcinogenic genes in liver tissues 
after HCC induction in rats.13 They concluded that the 
administration of MSCs in experimental HCC models 
has tumor suppressive effects as evidenced by the decline 
in expression of Wnt signaling target genes with subse-
quent improvement of liver function. 

The results of this work may indicate that MSCs could 
be labeled with nanoparticles and traced in normal liver, 
cirrhotic liver, and liver with HCC in animals. Labeling 
of cells did not affect adversely cell viability and/or prolif-
eration. MRI is an important monitoring tool for the hom-
ing and localization of MSCs in the liver. MSCs infusion 
in animal models of liver cirrhosis and/or carcinoma may 
prove to be useful in limiting the cirrhotic and neoplas-
tic changes. It is recommended to repeat this experiment 
using larger animal models, followed by its application 
in clinical trials for verification of its therapeutic potential. 
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Abstract
Background. The decalcification of enamel leads to an increase in tissue roughness. The development  
of carious lesions may be halted or these lesions may heal, which results in a smoother surface.

Objectives. The  objective of the study was to assess the impact of selected agents on the roughness  
of demineralized enamel on the smooth surfaces of teeth.

Material and methods. A  total of 25 samples with exposed enamel surfaces were examined in the 
study. The samples were randomized into groups and they were exposed to a demineralizing solution, after 
which the following agents were applied: Icon (Ic), Elmex gel (El), GC Tooth Mousse (TM), Colgate Total 
(K+) – a positive control group, and distilled water as a negative control group (K-). The impact of selected 
agents on the roughness of demineralized enamel was assessed with a profilometer. The parameters Ra, 
Rz and Rq were analyzed.

Results. Following infiltration and demineralization, the Ra coefficient declined in groups Ic, TM, K+ and 
K-, Rz decreased in groups Ic, TM and Rq was lower in groups Ic, TM and K- after using agents when com-
pared with demineralization. The lowest Ra, Rz and Rq values, i.e. the highest degree of surface smooth-
ness, were observed in group Ic. An increase in all coefficients (Ra, Rz and Rq) was noted in group El.

Conclusions. Demineralized enamel can be smoothed out through the one-time application of Icon resin 
or the long-term application of GC Tooth Mousse. The least effective agents turned out to be those with 
a high fluoride content.

Key words: enamel, infiltration, roughness, early carious lesion, demineralization
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Introduction

The contemporary definition of dental caries is as fol- 
lows: “caries is a dynamic, complex, multifactorial process 
involving the gradual loss of mineral compounds from 
hard dental tissue.”1 It begins with lesions in the enamel 
and the only reversible stage in this process is initial 
caries, clinically visible as a white or brownish spot.

Human enamel has unique properties resulting from 
its structure, namely its considerable hardness (8° on the 
Mohs scale), its great resistance to crushing and abra-
sion, its high elasticity modulus, as well as its stability  
in the constantly changing conditions of the oral environ-
ment. The  very tight compaction of the crystals means 
that enamel is semi-translucent, and has a glass-like ap-
pearance. However, its surface is not perfectly smooth. 
Enamel features a perikymata pattern with rows of pits, 
representing the endings of Tomes’ processes.2 

In  physiological conditions, the surfaces of teeth are  
in a state of constant, alternating periods of demineral-
ization and remineralization. The course of the disease 
is dynamic, especially at the early carious lesion stage.3 
This is especially important in the context of prophylaxis 
and treatment using minimally invasive methods. If the 
rate of remineralization exceeds the rate of demineraliza-
tion, a carious lesion may stop developing or heal, which 
results in a smoother surface.1,4,5 On the other hand, de-
mineralization leads to an increase in the porosity and 
roughness of the enamel.

The  methods used to measure the surface geometry 
parameters (SGP), including roughness, are divided into 
contact and non-contact approaches. The  most com-
mon of these is the contact technique, which makes use  
of a  profilometer. It  possesses a  head equipped with 
a  metal or diamond, tapered needle with a  diameter 
of around 2–20 µm, which registers surface irregularities.

Roughness signifies optically recognizable or mechani-
cally palpable surface irregularities that are not a result 
of its shape. Roughness is described using various pa-
rameters. The most frequently used coefficients in tests 
for caries are the following: Ra – mean arithmetic devia-
tion of the roughness profile, Rz – height of roughness  
on a 10-point scale, Rq – root mean square of profile devi-
ation, and Rt – maximum height of roughness profile.6–9

Testing enamel surface roughness is a  useful means 
of assessing the activeness and stage of a carious lesion. 
In  the conditions of the oral cavity it has great signifi-
cance for the colonization and retention of bacteria. Bear-
ing in mind the microbial aetiology of caries, smoothing 
out the enamel surface, can thus play an important role  
in preventing this disease.10 In  addition, a  perfectly 
smooth surface ensures a shine, which improves the over-
all visual acceptance of the color of a tooth.

The  objective of the study was to assess the impact  
of selected agents of various composition and mecha-
nisms of action (Icon, GC Tooth Mousse and Elmex gel) 

on the roughness of demineralized enamel located on the 
smooth surfaces of teeth.

Material and methods

Material used

The  following agents were applied in the study: Icon 
low viscosity resin (DMG Germany), Elmex gel (GABA 
GmbH, Germany) containing 12,500 ppm F – in the form 
of the amine fluorides Olaflur and Dectaflur, as well as 
sodium fluoride, GC Tooth Mousse cream (GC, Japan) 
containing CPP-ACP (casein phosphopeptide and amor-
phous calcium phosphate), Colgate Total paste (Colgate-
Palmolive, Poland) with 1,450 ppm F content in the form 
of sodium fluoride.

Preparation of samples

In the study we used human molars and premolars ex-
tracted for different dental reasons from patients aged 
18–35 years, which were then stored in a  0.1% thymol 
solution. To qualify for the study, the teeth had to be 
healthy, without defects or fillings. A  total of 25 sam-
ples with exposed enamel surfaces were thus acquired.  
They were 4 mm × 4 mm × 3 mm in size and immersed 
in an acrylic resin (Duracryl Plus, SpofaDental, Czech Re-
public). Blocks of enamel were removed with a diamond 
disc-cutting machine (Mecatome T 201 A, Presi, France). 
The  samples were ground down with abrasive discs 
(grades 600 P, 1200 P, 2400 P and 4000 P) for 60 s, and 
polished using a polishing paste with grain thicknesses  
of 6 and 3 microns. The  samples prepared in this way 
were then placed in an ultrasonic washer for 10 min.

Stage 1: Preliminary measurements

The  microhardness of the enamel was determined 
on the basis of the Vickers hardness test method (micro-
hardness tester from the company Zwick/Roell, Germa-
ny) by applying a load of 200 g for 10 s.11 Seven measure-
ments were taken for each sample, after which the results 
were averaged. Based on the preliminary microhard-
ness results, the samples were randomized into 5 groups 
(5 samples in each group), comprising 3 test groups and 
2 control groups.

The surface geometry was measured with the contact 
method using a  Surftest profilometer developed by the 
Japanese company Mitutoyo (model SJ-410). Three mea-
surements were made for each sample. The enamel sur-
face roughness was measured by analyzing the following 
parameters: Ra, Rz and Rq.

The  Ra coefficient refers to the mean arithmetic de-
viation of the roughness profile from the mean line mea-
sured along the measurement or elementary segment. 
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This is the mean Z value from the mean line in the sec-
tion of Ir segment, where Z(x) is a function of the rough-
ness profile. Parameter Ra is insensitive to extreme eleva-
tions and depressions of the profile (Fig. 1). 

The  Rz coefficient represents the height of the rough-
ness from the mean line along the elementary segment. 
It  is the sum of Rp (greatest profile elevation) and Rv 
(greatest profile depression) inside the elementary seg-
ment. Being the vertical distance between the highest and 
lowest points of the profile Rz measures the dispersion  
of the roughness profile ordinates. Since Rz is as a rule des-
ignated as the arithmetic mean of the maximum profile 
heights of 5 elementary segments of the Ir roughness pro-
file, this parameter corresponds to the averaged roughness 
depth according to the DIN 4768 standard (Fig. 2).

The Rq coefficient refers to the root mean square de-
viation profile from the mean line along the measured 
or elementary segment. It  corresponds to the standard 
deviation of the profile ordinates. It is significantly more 
representative than Ra (Fig. 3). 

Stage 2: Triggering early carious lesions

To induce early carious lesions in enamel (white spot 
type), we used a solution with the following composition: 
2.20 mM Ca2+, 2.20 mM PO4

3-, 50 mM of acetic acid, 
0.015 ppm F-, pH 4.40.3,10 The  samples were stored for 
3 days in a solution at room temperature, and were then 
assessed once more for their roughness.

Stage 3: Applied agents, infiltration and 
remineralization procedures

Group I  (Ic) – Icon low viscosity resin + Colgate To-
tal paste. The  infiltration technique was performed  

in accordance with the manufacturer’s recommendations. 
The samples were polished with grade 4000 P sandpaper. 

Group II (El) – Elmex gel + Colgate Total paste. Elmex 
gel was applied once a week for 3 min. It was then dried. 
After 2 min it was rinsed in distilled water. 

Group III (TM) – GC Tooth Mousse cream + Colgate 
Total paste. GC Tooth Mousse was applied. The samples 
were protected with a parafilm for 3 min. The paste was 
removed with absorbent paper and after 2 min was rinsed 
in distilled water.

In addition, in groups I–III Colgate Total paste was ap-
plied 2 times daily to the surface of the samples in a con-
centration of 1:3 with distilled water. After 3 min had 
elapsed, the samples were rinsed in distilled water, and 
then dried with dust-free absorbent paper (Kimwipes, 
Kimberly-Clark, USA).

Group IV (K+) – positive control – Colgate Total paste. 
Colgate Total paste was applied 2 times daily to the surface 
of the samples, in a concentration of 1:3 with distilled water. 
After 3 min had elapsed, the samples were rinsed in distilled 
water, and then dried with dust-free absorbent paper.

Group V (K-) – negative control – distilled water. 
The samples were rinsed 2 times daily for 3 min in dis-
tilled water. Then they were dried with absorbent paper.

Between procedures the samples were stored at a tem-
perature of 37°C in artificial saliva with the following 
composition: 25 mM KH2PO4, 24 mM Na2PO4, 150 mM 
KHCO3, 100 mM NaCl, 1.5 mM MgCl2, 6 mL 25 mM so-
dium citrate × 2 H2O, 15 mM CaCl2, pH 6.7.12 The saliva 
solution was changed every day.

Remineralization procedures were performed for 
4  weeks, after which the roughness of the samples was 
assessed.

The  study was approved by the Ethics Committee  
(no. RNN/151/12/KE).

Table 1. Preliminary measurements of surface microhardness (SMH)

Group Ic El TM K+ K-

Mean (+/SD) 361.67 (44.14) 356.87 (34.79) 356 (34.21) 356.27 (33.81) 340.73 (31.27)

Median 370.67 356 353.67 354 341

I quartile – III quartile 320.33–373 333.33–377 335.67–384.33 339.67–385 321.67–353.67

Min–max 319–425.33 315–403 311.67–394.67 310–392.67 302.67–384.67

Table 2. Measurements of enamel surface roughness: Ra, Rz, Rq (µm) – mean values and standard deviation in study groups after successive stages  
of the study

Group
Stage 1 Stage 2 Stage 3

Ra Rz Rq Ra Rz Rq Ra Rz Rq

I-Ic 0.06 (0.03) 0.5 (0.3) 0.08 (0.04) 1.34 (0.24) 7.96 (1.19) 1.68 (0.25) 0.45 (0.54) 3.75 (4.26) 1.09 (1.39)

II-El 0.06 (0.04) 0.39 (0.21) 0.07 (0.03) 1.5 (0.46) 9.71 (2.81) 2.05 (0.75) 1.67 (0.45) 10.61 (4.01) 2.25 (0.71)

III-TM 0.04 (0.02) 0.46 (0.37) 0.06 (0.04) 1.6 (0.41) 11.01 (3.39) 2.29 (0.81) 1.15 (0.65) 7.95 (4.7) 1.98 (1.52)

IV-K+ 0.04 (0.02) 0.42 (0.24) 0.07 (0.05) 1.69 (0.51) 10.07 (2.69) 2.22 (0.63) 1.52 (0.92) 10.55 (6.69) 2.77 (2.46)

V-K- 0.05 (0.02) 0.44 (0.26) 0.07 (0.03) 1.05 (0.07) 6.71 (1.09) 1.39 (0.24) 1.03 (0.19) 6.75 (1.74) 1.24 (0.36)
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Statistical analysis

The  following basic statistical measures were used to 
describe variables: arithmetic mean, median, standard 
deviation, and range. The  normal distribution of vari-
ables was determined according to the Shapiro-Wilk test.  
On the other hand, for inter-group comparison purposes 
we used nonparametric equivalents of variance analy-
sis, i.e. the Kruskal-Wallis test (for independent groups) 
and the Friedman test (for dependent groups). In  cases 
where the null hypothesis was rejected appropriate post 
hoc tests were conducted. The p-value p < 0.05 was es-
tablished as statistically significant. STATISTICA v. 10.0 
PL (StatSoft, INC, USA) software was used for statistical 
analysis purposes.

Results

The  results were presented in tables and shown 
in  graphic form in figures. Table 1  includes the mean 
values for microhardness and standard deviation in the 
study groups. Based on the microhardness values the 
samples were randomized into 5 groups. The  results 
show that all the groups were comparable with regard to 
this parameter. The mean value of surface microhardness 
(SMH) varied between 340.73 ±3.27 HV ±31.27 HV and 
361.67 ±44.14 HV. No statistically significant differences 
(p = 0.990) were observed between groups in terms of the 
initial SMH values. This shows that the samples had been 
divided properly, so that the relative homogeneity of the 
study material, i.e. human teeth, had been preserved. 

Table 2 presents the mean values for variables Ra, Rz and 
Rq for particular groups after successive stages of the study.

No statistically significant differences were noted between 
the groups with regard to the initial values for Ra (p = 0.746), 
Rz (0.973) and Rq (p = 0.919) after the first stage. This indi-
cates that comparably smooth surfaces had been achieved. 

After inducing early carious lesions (stage II) there was 
a significant increase in Ra, Rz and Rq values (p < 0.001) 
in all the groups compared with stage I, which indicates 
roughening of the sample surfaces. There were no statisti-
cally significant differences between the groups in terms 
of Ra (p = 0.077), Rz (p = 0.151) and Rq (p = 0.062) follow-
ing demineralization.

Following implementation of the infiltration and rem-
ineralization procedures, the Ra coefficient declined 
in groups Ic, TM, K+ and K-, Rz decreased in groups Ic and 
TM, and Rq was lower in groups Ic, Tm and K- compared 
with demineralization. The  lowest Ra, Rz and Rq values, 
i.e. the highest degree of surface smoothing, was observed 
in group Ic. All the coefficients (Ra, Rz and Rq) were higher 
in group El. A  comparison between the groups with re-
spect to the variables Ra (p = 0.074), Rz (p = 0.340) and Rq 
(p = 0.286) showed no statistically significant differences 
following the application of the agents.

Sample graphs showing the roughness profiles for 
groups Ic and El, in which the lowest and highest values 
for Ra, Rz and Rq were recorded, respectively, are pre-
sented in Fig. 4 and 5.

Figures 6–10 present the changes in the Ra, Rz and 
Rq coefficients in the groups after different stages of the 
study. 
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Fig. 4. Graphs showing the surface roughness profile for group Ic after successive stages of the study
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Fig. 5. Graphs showing the surface roughness profile for group E1 after successive stages of the study
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Fig. 6. Ra, Rz and Rq values in group Ic after successive stages of the study 

Fig. 7. Ra, Rz and Rq values in group El after successive stages of the study

A comparison of changes in the Ra and Rz coefficients 
in group Ic revealed statistically significant differences 
between different stages of the study (p  =  0.015). Post-
hoc tests revealed statistically significant differences be-
tween stages I and II. The Ra and Rq values were similar 
after stages I  and III, which suggests the surfaces had 
smoothed out to the baseline level. However, these results 
are not statistically significant.

In group El, a comparison of the changes in the Ra, Rz 
and Rq coefficients revealed statistically significant dif-
ferences between different stages of the study (for Ra and 
Rq p = 0.015, for Rz p = 0.022). Post-hoc tests confirmed 
differences between stages I and III. The Ra, Rz and Rq 
values increased after the induction of carious lesions 
and further rose after an agent was applied. This means 
that enamel surface roughness increased after successive 
stages of the study. 

In groups TM and K+, a comparison of changes in co-
efficients Ra, Rz and Rq revealed statistically signifi-

cant differences between different stages of the study 
(p  =  0.022). Post-hoc tests confirmed these differences 
between stages I and II. Following the application of GC 
Tooth Mousse Ra, Rq and Rz declined in relation to stage 
II, which suggests the surfaces had smoothed out. How-
ever, these results were not statistically significant. Fol-
lowing the application of Colgate Total, the mean values 
for Ra declined while those for Rq and Rz rose in relation 
to stage II, which provides no basis for an unambiguous 
assessment of changes in enamel surface roughness. 

In  group K-, a  comparison of changes in coefficients 
Ra, Rz and Rq revealed statistically significant differenc-
es between different stages of the study (for Ra and Rz 
p = 0.022, for Rq p = 0.015). Post-hoc tests confirmed the 
differences between stages I and II (for Ra and Rq) as well 
as between stages I  and III (for Rz). The  values for Ra, 
Rz and Rq were similar after stages II and III. No surface 
roughening or smoothing of the samples occurred in this 
group following stage III.
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Fig. 10. Ra, Rz and Rq values in group K- after successive stages of the study

Fig. 8. Ra, Rz and Rq values in group TM after successive stages of the study

Fig. 9. Ra, Rz and Rq values in group K+ after successive stages of the study
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Discussion

When discussing the enamel surface roughness results, 
we should bear in mind the fact that the first stage in the 
experiment involved polishing the samples with the aim 
of ensuring their surfaces were uniform. As Attin re-
ports, this is a commonly used procedure in the in vitro 
enamel and dentin texture tests. This is because it allows 
for precise measurements when slight surface smooth-
ing or roughening occurs as a result of chemical or me-
chanical processes.13 The  hard tissue of a  tooth is per-
fectly smooth. Creating flat enamel samples immersed  
in acrylic resin without removing the surface layer of tis-
sue appears impossible due to the morphological struc-
ture of teeth, their natural curvature, protuberances and 
depressions, etc. This is shown by the preliminary results 
for roughness – differences were noted in the Ra, Rz and 
Rq coefficients between the groups, although they were 
not statistically significant. 

A  small number of publications have analyzed the 
roughness of enamel surfaces with initial caries following 
repair procedures. Researchers have put forward a num-
ber of conclusions regarding the texture of demineralized 
enamel surfaces treated with medicinal agents and based 
on the following parameters: Ra or Ra, and Rz or Ra, Rq 
and Rt.6–9 Ra is the basic coefficient used to assess surface 
roughness. Whitehead et al. conclude that this widely ap-
plied coefficient is not sensitive to the shape of a surface 
– it does not illustrate it precisely, and therefore should 
not be used on its own to describe roughness. To make 
an accurate assessment of the surface roughness of the 
enamel samples in the present study, we analyzed 3 vari-
ables, namely Ra, Rz and Rq. 

After inducing early carious lesions we observed a sig-
nificant increase in the Ra, Rz and Rq coefficients in all 
the groups. The implementation of procedures based on 
the agents assessed in this study led to changes in the 
Ra, Rz and Rz coefficients in all the groups in relation 
to both, the first and second stages. The highest degree 
of surface smoothing was achieved by infiltrating the le-
sions with Icon resin. 

In the case of the group in which Icon was applied, the 
excess material was removed prior to polymerization and 
after curing. The  samples were polished in accordance 
with the manufacturer’s recommendations and the in-
dications from the literature. The  method of polishing 
the samples with sandpaper (P 4000) for 20 s was taken 
from a  publication, in which researchers demonstrat-
ed that around 125 µm of resin can be removed in this 
way, which represents the average excess volume of the 
agent following its polymerization.14 Chinese research-
ers have also pointed out the need to polish teeth follow-
ing infiltration with a low viscosity resin. An assessment  
of Ra and Rz coefficients in an in vitro test revealed a sig-
nificant increase in roughness following the application 
and polymerization of the agent. Polishing the surface  

of the samples with rubbers and discs with low coarseness 
clearly smoothed out the surfaces.8 In light of these stud-
ies it would appear legitimate to presume that smooth-
ing of the surfaces infiltrated with low viscosity resin was 
possible thanks to sanding the samples. However, Arslan 
et al. are of the opinion that the infiltration technique 
reduces roughness thanks to the sealing of  the resin’s 
micropores. The  authors compared the use of an infil-
trant with a  light-curing binding material that released 
fluoride and varnish with amorphous calcium phosphate 
(ACP), on the one hand, with fluorine without prelimi-
nary polishing of samples, on the other, and noted a much 
smoother surface when Icon was applied. The  second 
part of their experiment confirms this observation – the 
researchers demonstrated less adhesion of Streptococcus 
mutans to enamel, which should likewise be explained by 
the smoothness of the surface.6 

In  the present study, following the application of GC 
Tooth Mousse the texture of the enamel improved  
in comparison with the second stage. Other authors as-
sessed in in vitro conditions an enamel surface that had 
been subject to abrasion and then 10% CPP-ACP. They 
claimed that the application of the agent had helped im-
prove the texture of the tooth surface in comparison with 
what had been achieved following microabrasive pro-
cedures. Researchers claimed that the above-described 
“smoothing properties” was due to the pores being filled 
with calcium and phosphate ions. Elkassas & Arafa noted 
a significant reduction in the properties of the Ra coef-
ficient after a  2-week remineralization procedure using 
calcium-phosphate agents.7 Surface smoothing occurred 
with the continued use of products containing function-
alized tricalcium phosphate ( fTCP), ACPF and CPP-
ACPF for another 2 weeks, although after the samples 
had been immersed in an acidic solution there was a sig-
nificant increase in the Ra coefficient.

CPP-ACP ensures a high gradient of calcium and phos-
phate ions in an enamel environment, which facilities 
remineralization. The efficacy of CPP-ACP is reinforced 
in the oral environment when saliva is present.15,16 

Following the application of a  high fluoride product, 
i.e., Elmex gel, the surface roughness increased in rela-
tion to  the demineralized enamel. What is interesting 
to note is that the Ra, Rz and Rq values in these groups 
were higher than in the negative control group. 

The authors of other experiments likewise failed to ob-
serve any improvement in this parameter after using 
agents with a high fluoride content. Jardim et al. studied  
in situ the local application of a paste with 1100 ppm fluo-
ride and an acidified phosphate fluoride gel (APF), and did 
not report any statistically significant differences in rough-
ness (Ra coefficient) between the following stages: prelimi-
nary, post-demineralization and post-remineralization.17 
In their opinion, initial polishing of samples may result in 
relatively less smooth enamel surfaces following repair pro-
cedures. Chen et al. assessed the roughness of maturation 
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stage enamel crystals in the incisors of rats.18 They im-
mersed them in a fluoride solution of varying concentra-
tion (0–20,000 ppm, NaF) and observed that an increase 
in  the concentration of fluoride ions was paralleled by 
an  increase in the surface roughness of the crystals. 
The authors concluded that this happens most probably as 
a  result of  restructuring of the surface due to an ion ex-
change, the dissolution and redeposition of ions, the for-
mation of calcium fluoride and other calcium complexes. 

Enamel surface roughness plays an important role 
in  the context of caries prevention. The  degree of sur-
face smoothing has an impact on the adhesion of bac-
teria (the main factor initiating caries) and the potential 
for dental plaque to develop in the oral environment. 
The  critical threshold for surface roughness allowing 
microorganisms to settle has been set at 0.2 µm for the 
Ra coefficient. Surface roughness above this value is ac-
companied by a significant increase in the accumulation 
of bacterial plaque. On the other hand, smoothing below 
this threshold value has no effect on the adhesion and 
colonization of microorganisms.16,19

In  the current study, such values were only achieved 
in a  small number of cases following infiltration of the 
samples with a low viscosity resin.

It is difficult to compare the enamel surface roughness 
results obtained in the present study with the publications 
cited from the literature. The experiments conducted by 
the small number of authors referred to above took place 
in different conditions to those described in the present 
study. Moreover, any comparisons made between sanded 
samples and enamel samples that were not polished prior 
to being measured may lack objectivity. Despite the dif-
ficulties described above, the authors wanted to draw at-
tention to the need to assess the effectiveness of repair 
procedures for early carious lesions in terms of their im-
pact on enamel texture.

The highest degree of enamel surface smoothing was 
achieved with a  low viscosity resin Icon and after pol-
ishing the samples. Likewise, the long-term application 
of GC Tooth Mousse helped improve the texture of de-
mineralized enamel. On the other hand, the use of high 
fluoride agents resulted in increased roughness of the de-
calcified tissue.
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Abstract
Background. Crystalloids are frequently used for the correction of spinal anesthesia-induced hypotension, 
intraoperative bleeding, or vaporisation from surgical wounds.

Objectives. The aim of this study was to observe the effect of perioperative crystalloid infusion on intra-
abdominal pressure (IAP), volume excess (VE), total body water (TBW), and extracellular body water (ECW) 
in patients undergoing elective orthopedic surgery under spinal anesthesia.

Material and methods. Adult patients undergoing hip or knee replacement were studied. Changes 
in VE, TBW, ECW, and IAP were observed in patients who received restrictive fluid therapy (group R) and 
in patients who received liberal fluid therapy (group L). IAP was measured in the urinary bladder. All para- 
meters were measured at 4 points in time: just before anesthesia (baseline value, A); just after surgery (B); 
3 h after surgery (C); and on the morning of postoperative day 1 (D). Additionally, IAP was measured after 
anesthesia, just before surgery (A1).

Results. The mean baseline values of IAP, ECW, TBW, and VE were comparable between groups L and R. 
The induction of anesthesia reduced IAP in both groups (p < 0.001). IAP and VE increased in both groups 
after surgery. Significantly higher values of IAP, however, were noted in group L at time points B, C, and D. 
TBW and ECW increased after surgery in group L. In group R, ECW slightly increased only at time point C. 
IAP strongly correlated with ECW in group L (p < 0.001, r = 0.62).

Conclusions. Spinal anesthesia reduces IAP. A perioperative increase in body water content and IAP mainly 
depends on the volume of the infused crystalloids.

Key words: fluid therapy, intra-abdominal pressure, extracellular water content, volume excess, liberal  
vs restricted
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Bioimpedance is a popular non-invasive, safe, and relatively 
cheap technique, which provides useful information  in  the 
case of patients with chronic kidney diseases, acute kidney 
injury, or nutritional disorders.1,2 Bioimpedance is considered 
to be a sensitive tool for measuring body fluid composition; 
however, the interpretation of this data is difficult. The raw 
impedance data, consisting of resistance and reactance values, 
are abstract, and provide only indirect information on extra- 
and intracellular fluid volumes. In practical applications, this 
problem has been solved by whole-body bioimpedance (BIA) 
measurements, which analyze the bioelectrical properties be-
tween the wrist and the ankle, assuming a steady fluid distri-
bution. The volume of total body water (TBW), extracellular 
body water (ECW), intracellular body water (ICW), and vol-
ume excess (VE) can be quickly and reliably estimated using 
BIA.3,4 Several studies have documented significant benefits 
resulting from BIA-controlled fluid balance.3,5,6 Unfortunate-
ly, only 1 study has analysed the effect of perioperative fluid 
therapy on  body water distribution  in  patients undergoing 
various elective gynecological procedures under general an-
esthesia.6 In addition, the effect of crystalloid therapy has not 
been documented in conscious spinal-anesthetized patients. 

Crystalloid infusion  is routinely used for the correc-
tion of anesthesia-related hemodynamic disorders. Clinical 
assessment of fluid status is subjective and frequently based 
on clinical experience, and the current clinical practice for 
fluid administration remains controversial. A rapid decrease 
in  blood pressure after the induction  of  spinal anesthesia 
implies dehydration and causes fluid infusion, which results 
in a postoperative positive fluid balance. Such hypervolemia 
is needed to preserve organ perfusion during regional an-
esthesia.7 Unfortunately, positive perioperative fluid bal-
ance leading to tissue edema following a  surgery-related 
increase in vascular permeability is associated with severe 
postoperative complications.7–9 The adverse effects of fluid 
overload are most evident in the lungs and gastrointestinal 
tract. Fluid overload leads to pulmonary edema, which may 
decrease gas exchange, and makes the patients more suscep-
tible to infections. Moreover, VE connected with surgery-
related inflammatory response results in interstitial edema, 
increasing intra-abdominal pressure (IAP).7–10 Regrettably, 
the adjustment and control of fluid overload is difficult and 
BIA seems to be a more user-friendly method for managing 
perioperative fluid therapy. 

The purpose of this study was to observe the effect of peri-
operative crystalloid infusion on IAP and body water content 
in patients undergoing elective orthopedic surgery under spi-
nal anesthesia. 

Material and methods

Ethics statement

This prospective observational study was conducted 
in  adult patients undergoing elective orthopedic surgery 

under spinal anesthesia. The study was conducted in ac-
cordance with the Declaration  of  Helsinki, and was ap-
proved by the Institutional Review Board and the Bioethical 
Committee for Human Studies of the Medical University  
of  Lublin, Poland (KE-0254/58/2010). Written informed 
consent was obtained from all participants. 

Anesthesia and surgery

Patients were clinically assessed 1 day before surgery, 
and only patients with ASA I  or II (American Society 
of  Anesthesiologists, www.asahq.org)were selected for 
the present study. 11 Patients with heart disease or se-
vere respiratory diseases, or those receiving medica-
tion that alters the physiological response to fluid infu-
sion (such as β-blockers, angiotensin converting enzyme 
inhibitors, or digoxin) were excluded. Moreover, patients 
with chronic renal insufficiency, with a history of severe 
abdominal diseases or alcoholism, and those who re-
quired massive intra-operative blood transfusion or peri-
operative massive fluid resuscitation were also excluded.

A preoperative routine blood examination was carried 
out to assess complete blood count, blood glucose, urea, 
creatinine and electrolyte levels (K+, Na+), and blood group. 
Additionally, chest X-ray and electrocardiogram were 
done prior to surgery. The day before surgery all patients 
received a single oral dose (2 mg) of estazolam (Estazolam, 
Polfa Tarachomin, Poland). Before the induction of anes-
thesia, patients were routinely monitored for continu-
ous electrocardiography and pulse oximetry (SpO2), and 
arterial blood pressure was measured intermittently.  
An 18- or 17-gauge intravenous cannula was inserted into 
the peripheral vein. The urinary bladder was catheterized 
in all patients before anesthesia induction. 

Before the induction  of  anesthesia, all patients were 
routinely monitored with respect to electrocardiography 
(leads II or III), arterial blood pressure and peripheral 
blood saturation  (Infinity Delta, Dreager Medical Sys-
tem, Telford, USA). The  induction  of  spinal anesthesia 
was performed in  the lateral position, at  the L2–L3 or 
L3–L4 level. After skin  sanitization, a  26-gauge pencil-
point needle (Balton, Warsaw, Poland) or a 27-gauge nee-
dle (Pencan®, Braun, Melsungen, Germany) was used for 
spinal space identification. The  induction  of  anesthesia 
was performed with 0.5% bupivacaine hydrochloride 
(Marcaine Spinal, AstraZeneca AB, Stockholm, Sweden) 
in a single dose depending on the patient’s height, weight, 
and physical condition  (doses of  15–20  mg). The  level 
of spinal anesthesia was confirmed 5 min after the anes-
thetic injection in the supine position. 

Systolic and diastolic blood pressures were measured 
at  3–5 min  intervals. Hypotension  was defined as a  fall 
in  systolic blood pressure of 25% of  the baseline value, or 
an absolute value lower than 90 mm Hg. All patients re-
ceived an infusion of  the balanced electrolyte crystalloids 
(PWE or Ringer, Polfa, Kutno, Poland). Changes in IAP, VE, 
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TBW, and ECW were observed in  patients who received 
liberal fluid therapy at a dose of 30 mL of crystalloids per 
kg of body weight/h intraoperatively and 5 mL of crystal-
loids per kg of body weight in the first 3 postoperative hours 
(group L), and in patients who received 10 mL of crystal-
loids per kg of  body weight/h intraoperatively and 5 mL 
of crystalloids per kg body weight during the first 3 post-
operative hours (group R).12 In group L, spinal-related hy-
potension was treated with a rapid infusion of 1,000–1,500 
mL, whereas in  group R, spinal-related hypotension  was 
treated with a  maximum of  500  mL of  balanced electro-
lyte crystalloids and an ephedrine hydrochloride (Ephed-
rine, Polfa, Warsaw, Poland) at a dosage of 5–25 mg intra-
venously. In group L, a single dose (5–10 mg) of ephedrine 
hydrochloride was given to patients who did not respond 
to fluid administration  higher than 1,500  mL. The  ran-
domization  was performed using a  concealed envelope 
method. All participants were assessed clinically in  case 
of  any postoperative complications or hemodynamic in-
stability. On the morning of postoperative day 1, a control 
blood examination was carried out to assess complete blood 
count, blood glucose, urea, creatinine, and electrolyte levels.

Data collection and study protocol

IAP was measured in the urinary bladder after an injec-
tion of 25 mL of sterile saline, in the complete supine po-
sition with the transducer zeroed at the level of the mid-
axillary line (Kron technique). VE, TBW, and ECW were 
measured by whole-body BIA using the Body Composi-
tion Monitor (BCM, Fresenius Medical Care, Hamburg, 
Germany). Prior to examination, the height and body mass 
of the patient were measured. Electrodes (Fresenius Medi-
cal Care, Hamburg, Germany) were placed on  the wrist 
(proximally to the metacarpophalangeal joint) and ankle 
(proximally to the transverse metatarsal arch on the su-
perior side of the foot). Bioimpedance was measured at 50 
frequencies ranging from 5 kHz to 1 MHz in the supine 
body position. In all patients, the electrodes were placed 
on the body side rather than on the surgery side in order 
to avoid the effects of local surgery-induced tissue edema.

All parameters were measured at the following 4 points 
in time: just before surgery (A); just after surgery (B); 3 h 
after surgery (C); and on the morning of postoperative day 
1 (D). Additionally, IAP was measured just before surgery, 
after the induction of spinal anesthesia (time point A1).

Statistics

The data was analyzed using STATISTICS v. 9.0.0 soft-
ware (IBM, Chicago, USA). Initially, the normality of the 
distribution of variables was analyzed by the Shapiro-Wilk 
test. Means and standard deviations (SD) were calculated 
for normally distributed data, and Student’s unpaired  
t-test and Pearson’s χ2 test were used to compare the vari-
ables. Non-parametric data were statistically analyzed 

using the ANOVA Friedman test and the post hoc Dunn’s 
test with Bonferroni correction. The ANOVA Kruskal-
Wallis test and the post hoc Dunn’s test with Bonferroni 
correction was used for the initial detection of differenc-
es between groups L and R. The Spearman’s rank correla-
tion test was used for the overall analysis. The pilot data 
was collected form patients receiving liberal fluid therapy 
for the calculation of a minimal sample. The minimal sam-
ple of participants was calculated for differences in IAP 
and VE between time points A and B. The power of all sta-
tistical tests was determined by G*Power software (1-β).

Results

Seventy adult patients (28 females and 42 males) aged 
19–85 undergoing elective orthopedic surgery were en-
rolled into the present study. There were no differences 
in demographic parameters (age, sex, height, weight, and 
BMI) between groups L and R. In group L, 2 patients were 
excluded due to significant intraoperative bleeding and 
1 withdrew his consent for the study immediately after 
surgery. In group R, 4 patients were excluded due to the 
need for massive fluid and blood resuscitation during sur-
gery and/or the early postoperative period. Finally, 63 pa-
tients were studied: 32 of them were assigned to group L 
(13 females aged 35–82, and 19 males aged 19–78) and 
31  of  them were assigned to group R (11 females aged 
39–85, and 20 males aged 35–79). In group L, 27 patients 
underwent hip replacement and 5 were subjected to knee 
arthroplasty or arthroscopic surgery, whereas in group R, 
28 patients underwent hip replacement and 3 had knee 
surgery (χ2 = 0.5 for p = 0.478, and χ2 with Yates correc-
tion = 0.11 for p = 0.741).

The  demographic data, perioperative blood para- 
meters, and hemodynamic parameters were comparable 
in both groups (Table 1). A resumption of normal diet and 
the length of stay in hospital were similar in both groups. 
In group L, patients received crystalloid infusion at these 
mean dosages: 2822 ±606 mL during surgery, 731 ±288 mL 
during the first 3 postoperative hours, and 1478 ±797 mL 
from the 3rd postoperative hour till the morning of postop-
erative day 1. The mean fluid balances were 2312 ±660 mL 
postoperatively, 247 ±334 mL after 3 h, and 291 ±806 mL 
from the 3rd postoperative hour till the morning of post-
operative day 1. In group R, patients received crystalloid 
infusion at these mean dosages: 823 ±223 mL during sur-
gery, 658 ±222 mL during the first 3 postoperative hours, 
and 583 ±186 mL from the 3rd postoperative hour till the 
morning of postoperative day 1. The mean fluid balances 
were 182 ±270 mL postoperatively, 373 ±274 mL after 3 h, 
and 304 ±342 mL from the 3rd postoperative hour till the 
morning of  postoperative day 1. Fluid balance was sig-
nificantly higher just after surgery (p < 0.001) and on the 
morning of postoperative day 1 (p < 0.001) in patients who 
had received liberal crystalloid therapy. 
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Power calculations suggested 
that  only 22 patients would be 
needed to get a  credible differ-
ence in  IAP measurement at  time 
points A  and B (1-β  =  0.96 for 
p < 0.05). The mean baseline values 
of  IAP were comparable in  groups 
L and R (3.94  ±1.68  mm  Hg and 
3.69  ±2.09  mm  Hg, respectively). 
The  induction  of  spinal anesthe-
sia reduced IAP in  both groups. 
IAP increased in both groups after 
surgery; significantly higher val-
ues of  IAP, however, were noted 
in  group L just after surgery, 3 h 
after surgery, and on  the morning 
of postoperative day 1 (Fig. 1). In all 
patients, IAP was lower than 12 mm 
Hg, though a value of 11 mm Hg was 
noted in 3 patients from group L just 
after surgery and 3 h after surgery. 

Power calculations suggested 
that only 32 patients would be need-

ed to get a credible difference in VE measurement at time 
points A and B (1-β = 0.95 for p < 0.05). The baseline value 
of VE was comparable in both groups (Table 2). Crystalloid 
infusion increased VE in both groups, but liberal crystal-
loid infusion increased VE by significantly more than did 
restrictive infusion. Significantly higher values of VE were 
noted in both groups during the early postoperative period 
(Table 2). 

The baseline values of TBW and ECW were compar- 
able in both groups. Liberal crystalloid infusion increased 
TBW, whereas restrictive infusion did not change TBW 
(Table 3). There were no differences between groups L 
and R in TBW. A significantly higher value of ECW was 
noted in patients that  received liberal crystalloid thera-
py. ECW increased just after surgery, 3 h after surgery, 
and on  the morning of  postoperative day 1. Restrictive 
crystalloid therapy elevated ECW only 3 h after surgery 
(Table 3). Higher ECW was noted in Group L just after 
surgery and on the morning of postoperative day 1.

In  all studied patients, IAP correlated with ECW 
(p < 0.001, r = 0.57). In patients who received restrictive 
crystalloid therapy, IAP slightly correlated with ECW 
(p  <  0.001, r  =  0.47), whereas in  patients who received 
liberal crystalloid therapy, IAP strongly correlated with 
ECW (Fig. 2), as well as with TBW (p < 0.001, r = 0.44) 
and VE (p < 0.01, r = 0.29). 

Discussion

We have documented here the adverse effect of crystal-
loid infusion on  IAP and body water content in patients 
undergoing elective orthopedic surgery. Liberal crystalloid 

Table 1. Demographic data and perioperative blood and hemodynamic parameters in patients who 
received liberal crystalloids therapy (group L) and restrictive crystalloids therapy (group R)

Parameter Group L Group R p-value

D
em

og
ra

ph
ic

 d
at

a Baseline weight (kg) 80.99 ±12.27 78.4 ±18.06 0.895

BMI (kg/m2) 27.22 ±4.00 26.95 ±4.58 0.076

BSA (m2) 2.02 ±0.15 1.91 ±0.27 0.279

Anesthesia (min) 112 ±22 104 ±46 0.846

Surgery (min) 88 ±18 79 ±35 0.46

M
or

ph
ol

og
y 

an
d 

bi
oc

he
m

ic
al

 v
ar

ia
bl

es Preoperative Hb (g%) 12.2 ±1.27 12.5 ±1.42 0.743

Postoperative Hb (g%) 9.91 ±1.95 10.34 ±1.92 0.341

Preoperative Ht (%) 34.4 ±2.67 33.9 ±2.95 0.621

Postoperative Ht (%) 28.9 ±2.65 30.2 ±2.82 0.094

Preoperative blood glucose (mg%) 98.6 ±10.3 96.5 ±9.73 0.893

Postoperative blood glucose (mg%) 124.5 ±21.6 132.2 ±21.7 0.237

Preoperative serum creatinine (mg/dL) 0.8 ±0.25 0.86 ±0.18 0.898

Postoperative serum creatinine (mg/dL) 0.97 ±0.21 1.1 ±0.72 0.754

Preoperative serum urea (mg/dL) 32.3 ±7.5 33.7 ±8.3 0.542

Postoperative serum urea (mg/dL) 45.3 ±10.6 48.4 ±14.5 0.078

There were no differences in blood account, creatinine level, serum urine and blood glucose 
concentration in group L and R (Student’s t-test).

Table 2. Changes in volume excess (VE) in patients who received liberal 
crystalloids therapy (group L) and restrictive crystalloids therapy  
(group R) – median (quartile 1 and 3)

Volume 
excess (L)

Time points

A B C D

Group L
–0.47 

(–1.6, 0)
0.93*** ‡‡

(–0.28, 1.9)
0.63*** ‡‡

(0.25, 1.95)
0.35***

(–0.21, 2.5)

Group R
–1.1

(–2.1, 0.2)
0**

(–0.9, 0.7)
0.1***

(–0.4, 0.5)
0.2***

(–0.2, 0.9)

Time points: A – just before anesthesia induction; B – just after surgery;  
C – 3 h after surgery; and D – on the morning of postoperative day 1;
** p < 0.01 and *** p < 0.001 – significant differences with baseline value 
(ANOVA Friedman test and post hoc Dunn’s test with Bonferroni correction); 
‡‡ p < 0.01 – significant differences between groups L and R (ANOVA 
Kruskall-Wallis test and post hoc Dunn’s test with Bonferroni correction).

Table 3. Changes in total body water (TBW) and extracellular body water 
(ECW) content in patients who received liberal crystalloids therapy (group L) 
and restrictive crystalloids therapy (group R) – median (quartile 1 and 3)

BCM 
variables

Time points

A B C D

TB
W

 (L
) Group L

37.25
(34.55, 42.93)

39.7***
(36.79, 48.79)

41.17***
(37.46, 46.5)

43.37***
(37.41, 48.2)

Group R
44.3

(39.7, 48.8)
44.5

(37.2, 50.9)
43.6

(37.9, 48.8)
43.5

(35.1, 51.2)

EC
W

 (L
) Group L

18.7
(16.7, 20.4)

20***‡

(17.7, 22.7)
21.6***‡‡

(18.3, 22.8)
21.2***‡

(17.6, 23.2)

Group R
17

(13, 20.5)
18

(13.5, 20.4)
18.5

(13.9, 20.3)
19.2*

(13.9, 19.9)

Time points: A – just before anesthesia induction; B – just after surgery; C – 3 h 
after surgery; and D – on the morning of postoperative day 1; * p < 0.05, ** 
p < 0.01 and *** p < 0.001 – significant differences with baseline value (ANOVA 
Friedman test and post hoc Dunn’s test with Bonferroni correction); ‡ p < 0.05 
and ‡‡ p < 0.01 – significant differences between groups L and R (ANOVA 
Kruskall-Wallis test and post hoc Dunn’s test with Bonferroni correction).
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infusion elevated IAP and increased VE, TBE, and ECW, 
whereas restrictive crystalloid infusion  only slightly af-
fected those parameters. Additionally, IAP was strongly 
correlated with ECW in patients who received liberal crys-
talloid therapy. Such a strong correlation was not observed 
in patients who received restrictive crystalloid infusion.

Fluid management is a fundamental component of peri-
operative treatment. There is increasing evidence that fluid 
infusion affects postoperative outcomes, and plays a cru-
cial role in critically ill patients.8,9,13,14 Excessive periopera-
tive fluid loading leads to extravascular fluid accumula-
tion  and weight gain, which corresponds with increased 
mortality and morbidity during the early postoperative 
period.6,8,15 Several meta-analyses have reported that goal-
oriented fluid therapy significantly reduces renal and pul-
monary postoperative complications, and accelerates the 
first bowel movement, the resumption of normal diet, and 
shortens the length of  stay in  hospital. Restrictive fluid 
administration  reduces postoperative pneumonia and 
pulmonary edema.6,15,16 An inappropriate fluid admin-
istration disturbs the liberation of  atrial natriuretic pep-
tide, and injures the endothelial glycocalix, leading to the 
damage of the vascular barrier and increased fluid shifts 
into the extravascular space.7,17 This pathology may result 

in  abnormal extravascular water content, tissue edema, 
and raised IAP. The  present study also shows that  peri-
operative liberal crystalloid infusion  disturbs the body 
water balance by increasing TBW and ECW, and that re-
strictive crystalloid therapy does not affect body water 
content. Moreover, elevated ECW corresponds with IAP, 
which is in  line with our previous observation.18 In a re-
cent study, we documented a strong correlation between 
IAP and ECW, both in critically ill patients and in patients 
undergoing extra-abdominal surgery. We also estimated 
24.9 L of ECW and 9.5 L of VE as cut-off points for the 
development of intra-abdominal hypertension (IAP higher 
than 12 mm Hg).18 In the present study, none of the partici-
pants had ECW and VE higher than the above-mentioned 
values, and intra-abdominal hypertension was not noted 
during the study, although IAP increased to 11 mm Hg 
in  3 patients from the liberal crystalloid therapy group.  
It  is worth noting that  those patients received a  higher 
volume of  crystalloids (4167  ±289  mL), and their dura-
tion of surgery was higher than others’ in group L. Based 
on this observation, we can speculate that a perioperative 
increase in IAP corresponds to the duration of surgery and 
the type of fluid therapy; however, this hypothesis should 
be confirmed by further study.

Fig. 1. Changes in intra-abdominal pressure in patients who received liberal fluid therapy (       – group L) and restrictive fluid therapy  
(       – group R) during surgery

Time points: A – just before anesthesia induction; A1 – after anesthesia induction, just before surgery; B – just after surgery; C – 3 hours after surgery;  
and D – on the morning of postoperative day 1; *** p < 0.001 – significant differences compared with baseline value in group L; † p < 0.05,  
†† p < 0.01 and ‡‡‡ p < 0.001 – significant differences compared with baseline value in group R; ‡‡‡ p < 0.001 – significant differences between  
groups L and R (Student's t-test).



E. Kotlińska-Hasiec, et al. Body water and intra-abdominal pressure1194

Crystalloids are electrolyte solutions which are fre-
quently used to replace extracellular volume losses fol-
lowing urination, perioperative perspiration  or anesthe-
sia-related hypotension. Research from the International 
Fluid Optimisation Group have recommended crystalloid 
solutions for routine surgeries of  short duration.19 Ad-
ditionally, they have recommended bolus therapy rather 
than continuous infusion  when the goal is to improve 
pressure, perfusion, and oxygen delivery. In  the pres-
ent study all patients received an initial bolus of  crys-
talloids following anesthesia-related hypotension, 
though the dosages were significantly greater in patients 
treated with liberal fluid infusion  (data not shown).  
We did not observe any adverse effect from intraoperative 
crystalloid infusion. It is worth noting that some authors 
observed hypercoagulation  following crystalloid infu-
sion.20,21 A rapid infusion of crystalloids increases coagula-
tive activity following hemodilution in healthy volunteers.20 
In vitro studies also document an increase in hypercoagu-
lation measured by thrombelastography following different 
types of crystalloids.21,22 Interestingly, this effect seems to 
depend on  blood magnesium concentration.20 Ruttmann 

et al. showed that a rapid infusion of crystalloids decreased 
serum magnesium concentration  to the lower limits 
of norms and increased coagulation in healthy volunteers, 
when magnesium supplementation  attenuated these dis-
turbances.20 Significant hypercoagulation  has also been 
reported in  patients receiving liberal perioperative fluid 
therapy 24 and 48 h after surgery.12 This pathology has not 
been observed in patients receiving restrictive fluid ther-
apy. Crystalloid-related hypercoagulation  increased the 
frequency of deep venous thrombosis in patients receiving 
normal saline solutions during major abdominal surgery 
compared with those who did not receive intravenous flu-
ids.23 Hip replacement and knee arthroplasty are moder-
ately complex surgical procedures. Additionally, all of our 
patients routinely received low molecular heparin during 
the early postoperative period, and we did not note any 
clinical thromboembolic complications. 

A postoperative increase in  IAP and ECW may result 
from a  surgery-related general inflammatory response. 
Indeed, a  growing data set presents an increase in  IAP 
following inflammatory-related intestine edema.9,24,25  
Surgery-related injury induces the release of  proinflam-

Fig. 2. Correlation between intra-abdominal pressure (IAP) and extracellular water content (ECW) in patients undergoing liberal crystalloid therapy during 
orthopedic surgery and the early postoperative period (p < 0.001, r = 0.62; Spearman’s rank correlation test)
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matory cytokines, such as tumor necrosis factor α (TNFα), 
vascular endothelial growth factor (VEGF), many inter-
leukins, histamine, and E-selectine, which may disturb 
vascular permeability, and increase fluid shift into the 
extravascular space.26,27 Moreover, surgery-related peri-
operative stress induces the release of  antidiuretic hor-
mone, cortisol and corticotrophins, and stimulates the 
renin-angiotensin-aldosterone system to increase salt and 
fluid retention.28,29 Therefore, a surgery-induced increase 
in  vascular permeability and hormone-dependent fluid 
retention  provoke perioperative tissue edema indepen-
dently of fluid infusion. In the present study, an increase 
in VE just after surgery and 3 h after surgery may confirm 
this pathology. A higher increase in VE in patients who 
received liberal crystalloid infusion demonstrates an un-
favourable effect of liberal fluid administration in patients 
undergoing elective surgery. Liberal crystalloid infu-
sion  also increased ECW by more than restrictive infu-
sion. An increase in ECW following intraoperative fluid 
infusion  has also been observed by Ernstbrunner et al.5 
They observed a strong correlation between the net peri-
operative fluid balance and a change in ECW in patients 
undergoing elective gynecological surgery under general 
anesthesia. This increase in ECW corresponded to TBW, 
but the authors proposed net perioperative fluid balance 
and postoperative capillary leak index as significant indi-
vidual predictors for changes in ECW. Thus, an appropri-
ate fluid therapy associated with an increased capillary 
leak index may elevate ECW and subsequently IAP.

BIA is a practical tool for measuring body fluid compo-
nents, and is easily applied to everyday practice. The clin-
ical interpretation of the data may be difficult and the es-
timation  of  volume deficits and VE may pose a  serious 
problem for the physician. It  is essential to recognize 
that the same amount of extracellular fluid leads to dif-
ferent changes in whole-body bioimpedance, depending 
on  whether this fluid is added to or removed from the 
leg, the arm, or the trunk. Generally, BIA has been sug-
gested as a much more sensitive measurement of volume 
changes in the limbs than in the trunk.30 Other authors 
have proposed BIA as a  sensitive and easy method for 
measuring perioperative fluid administration in patients 
undergoing elective surgery.5 We have also documented 
the usefulness of  BIA in  perioperative clinical practice, 
though we placed the electrodes on  the body side op-
posite to the surgery. Surgery-related tissue edema and 
wound hematoma may have significantly disturbed the 
final results of  BIA measurement. Although our mea-
surement was performed on the body site opposite to the 
surgery, the BIA findings may have also corresponded to 
intraoperative body position. Many orthopedic surger-
ies are performed in the lateral position; 87% of surger-
ies in  the present study were performed in  the lateral 
position, with the patients laid on the measurement side. 
Despite a  short duration  of  surgery, intraoperative po-
sition  might have had an impact on  postoperative BIA 

findings. Several authors have documented an unequal 
distribution of body water in various body positions.31,32 
The  corrected BIA measurement should be performed 
in  the supine position. Extracellular volume remains 
constant after a change of body position from supine to 
standing, whereas BIA findings present an apparent in-
crease in ECW. This effect may result from a higher sen-
sitivity to fluid administration  in  the limbs than in  the 
trunk.32 Similar effects have been observed during hemo-
dialysis and ultrafiltration.33 In the present study, all BIA 
measurements were performed in  the supine position. 
However, we could speculate that a lateral position dur-
ing surgery might disturb body water distribution, thus 
affecting measurement just after surgery. Therefore, this 
study should be continued in patients operated on in the 
supine position.

Finally, we demonstrate the effect of  different types 
of  perioperative crystalloid therapy on  body water dis-
tribution  in  patients undergoing elective orthopedic 
surgery. Liberal fluid infusion significantly affects body 
water content, especially ECW, VE, and TBW, whereas 
restrictive crystalloid infusion does not affect body water 
content. Moreover, liberal crystalloid infusion increases 
IAP by significantly more than restrictive infusion. We 
also show that IAP is correlated with ECW. Based on our 
findings, we suggest that  the observation  of  changes 
in IAP following fluid resuscitation can provide valuable 
information on extracellular water content.
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Abstract
Background. Infective endocarditis (IE) is a serious and, if untreated, usually fatal disease. Diagnosing IE 
is often considered to be one of the most difficult medical conditions because of the heterogeneous and 
ambiguous clinical presentation.

Objectives. The  purpose of  this  study was  to investigate diagnostic and therapeutic management  
in a non-selected group of patients with IE.

Material and methods. A total of 45 patients consecutively admitted to the Department of Cardiology, 
Medical University of Silesia in Katowice (mean age 53.6 ±18 years; 13 females) with IE between 2009 
and 2013 were evaluated. Echocardiography, blood cultures and laboratory tests were performed on every 
patient upon admission. An analysis of the diagnostic and therapeutic management was performed.

Results. Most frequent predisposing factors were: a  history of  heart valve replacement and/or repair 
(40%), dental caries (17.8%) and bicuspid aortic valve (17.8%). The  majority of  patients were admitted 
from another hospital (91.1%). Fever (92%) and symptoms of heart failure (80%) were the most common 
manifestations. Abnormalities in ECG occured in 91.2% of patients. Echocardiography was highly sensitive 
(>90%) in detecting endocardial changes. Staphylococcal etiology was the most common (33.3%). Sur-
gery procedures were necessary in 62.2% of patients. Arrhythmias (91.1%) and acute heart failure (57.8%) 
were the most commonly observed complications, although 24.4% of subjects had neurological disorders. 
The patients studied were burdened with a number of factors predisposing to IE.

Conclusions. The diagnosis of IE can be a difficult challenge. Particular attention should be paid to the care 
of oral hygiene and treatment of dental diseases in order to reduce the risk of IE developing.

Key words: etiology, complication, infective endocarditis, treatment
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Introduction

Infective endocarditis (IE) is defined as a group of clini-
cal syndromes resulting from an inflammatory process 
of  the  endocardium caused by microorganisms, particu-
larly bacteria. Despite major advances in  diagnostic and 
therapeutic procedures, IE still carries poor prognosis and 
high mortality. Furthermore, neither the  incidence nor 
the mortality has decreased in recent decades. Neverthe-
less, in developed countries, a typical IE patient has entire-
ly changed over recent years. We can increasingly observe 
the causes of IE to be associated with health-care contact 
and such procedures of  invasive cardiology or surgery, 
as  the  implantation of  pacemakers, cardioverter-defibril-
lators, resynchronization therapy devices, and prosthetic 
heart valves. More frequently, we have to deal with intra-
venous drug abuse. On the other hand, patients with a his-
tory of rheumatic fever are less common.

The  most common location of  the  inflammatory pro-
cess is the aortic and mitral valve. In about 10% of cases,  
it involves more than 1 valve. The diverse and frequently 
atypical course of  the  disease makes the  diagnostic pro-
cess of IE a challenge for clinicians, and requires a multi-
disciplinary team (endocarditis team) approach. The most 
common symptom (in almost all patients) is fever. Clinical 
presentation largely depends on the  location of  the  veg-
etations. In  the  case of  right-sided endocarditis, beyond 
the systemic symptoms, pneumonia and congestive heart 
failure are the predominating complaints. When the pro-
cess is left-sided, clinical presentation will result from sys-
temic embolism and symptoms of heart failure, often pre-
senting as acute heart failure. Characteristic for IE signs, 
such as nail hemorrhages, Osler’s nodules or Roth’s spots, 
are rather rare in everyday clinical practice.

The  first step in  the  diagnosis  of  IE is  a  combination 
of  disease probability based on the  patient’s history and 
physical examination supported by the results of additional 
tests, among which the most important are blood cultures 
and echocardiography. According to the  current guide-
lines of  the European Society of Cardiology, the diagno-
sis of the disease might be certain or probable, depending 
on the clinical presentation and results of additional tests, 
among which molecular diagnostics and nuclear imaging 
can enhance the diagnosis of  IE, particularly in difficult 
to diagnose cases. Not infrequently, however, blood cul-
tures may be negative, and the etiology remains unknown 
(BCNIE, blood culture negative infective endocarditis).

Since IE is a relatively rare disease, we do not have data 
from large, randomized clinical trials. IE could result  
in a number of complications, such as endocardium and 
valvular damage, systemic embolism or harmful immune 
response of the body, and in many cases, apart from op-
timal pharmacotherapy, also require surgical procedures.  
If left untreated, endocarditis, which is  in  fact a general-
ized infection, usually leads to death. This article provides 
an overview of  an unselected group of  patients with IE,  

and allows insight into the diagnostic and therapeutic pro-
cedures of that group of patients in daily clinical practice.

Material and methods

The aim of the study was to evaluate patients with IE 
hospitalized in  the  Department of  Cardiology, Medical 
University of Silesia in Katowice, Poland.

Consecutive patients admitted with IE to the Depart-
ment of Cardiology between 2009 and 2013 were evaluat-
ed. The study group involved 45 patients, aged from 18 to 

Table 1. Baseline characteristics of the study group (mean age 53.6 ±18 years)

Parameter n %

All studied group 45 100

Sex
female 13 29

male 32 71

Comorbidities

Arterial hypertension 16 35.6

Diabetes 6 13.3

Atrial fibrillation 6 13.3

Ischaemic heart disease 4 8.9

History of acute coronary syndromes 1 2.2

Peripheral artery disease 1 2.2

Referral place

Department of Internal Medicine 36 79.8

Department of Cardiac Surgery 4 9

GP office 2 4.5

House (ambulance) 2 4.5

Department of Neurology 1 2.2

Initial diagnosis

Infective endocarditis 38 84

Cardiac arrhythmias 3 7

Acute coronary syndrome 2 4.5

Heart failure aggravation 2 4.5

Laboratory findings (mean ± standard deviation)

Erythrocyte sedimentation rate [mm/h]  
(n < 15)

60 ±36

Leukocytes [x 103/µL] (n: 4–10) 9.67 ±6.38

Erythrocytes [x 106/µL] (n: 4.2–5.4) 3.82 ±0.97

Hemoglobin [g/dL] (n: 12–18) 11.1 ±2.3

C-reactive protein [mg/L] (n: 0.08–3.1) 67 ±36

Total cholesterol [mg/dL] (n < 200) 158 ±54

LDL cholesterol [mg/dL] (n < 115) 101 ±47

HDL cholesterol [mg/dL] (n > 45) 32 ±15

Triglycerides [mg/dL] (n < 150) 148 ±117

Glucose [mg/dL] (n < 100) 78 ±12

Creatinine [mg/dL] (n: 0.6–1.3) 1.37 ±1.35

n – number.
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78 years. The mean age was 53.6 years, and 71.1% (n = 32) 
of patients were men.

A  detailed analysis  of  all patients was  performed in-
cluding medical history, physical examination and 
laboratory tests: complete blood count, concentration  
of  C-reactive protein, erythrocyte sedimentation rate 
(ESR), glucose, creatinine and lipids (total, LDL and HDL 
cholesterol, triglycerides); bacteriological: blood cultures 
for aerobic and anaerobic bacteria; imaging: transthorac-
ic echocardiography (TTE), transoesophageal echocar-
diography (TEE), coronary angiography and other: elec-
trocardiogram (ECG) and blood pressure measurements. 
Blood cultures were taken 3 times in half-hour intervals.

Continuous data was presented as mean ± standard de-
viation, and categorical data was presented as frequencies 
and percentages.

Results

Characteristics of the study group

Baseline characteristics of the patients studied are pre-
sented in Table 1.

The  study group involved 71.1% (n  =  32) men, where-
in 12 individuals were under 40 years old, 15 were between  
40 and 60 years, and 18 patients were more than 60 years 
old. Arterial hypertension was the most common comor-
bidity. The  majority of  patients in  the  period preceding 
hospitalization in  the  Cardiology Unit were diagnosed 
in other hospital wards, most commonly at internal medi-
cine units. IE was the most common initial diagnosis and 
cause of referral to the reference Department of Cardiology.

The  prevalence of  identified predisposing factors 
is shown in Fig. 1.

The  individuals studied were burdened with multiple 
risk factors for IE, particularly a  history of  heart valve  
operations (repair and/or replacement). Also, a high prev-
alence of bicuspid aortic valve and advanced dental caries 
were revealed.

Clinical presentation

The  type of  signs and symptoms and their incidence 
in the group of patients with IE studied is shown in Fig. 2.

The  most frequent findings in  the  evaluated group 
of patients were high body temperature (91.1% of subjects 
had fever) and symptoms of heart failure (80% of patients),  

Fig. 1. Factors predisposing to infective endocarditis in the study group 

IE – endocarditis; n – number; HIV – human immunodeficiency virus.

The presence of predisposing factors 
for the development of infective 

endocarditis (IE) in the study group

Mitral valve prolapse 
n = 1 (2.2%)

Immunodeficiency 
(HIV infection) 

n = 1 (2.2%)

Congenital 
heart defect
n = 1 (2.2%)

Bicuspid aortic valve  
n = 8 (17.8%)

Prior infective 
endocarditis 
n = 5 (11.1%)

Intravenous drug abuse 
n = 1 (2.2%)

Advanced 
dental caries 
n = 8 (17.8%)

History of rheumatic fever
n = 2 (4.4%)

History of heart  
valve interventions

n = 18 (40%)

Mechanical n = 9 (20%)

Biological n = 6 (13.3%)

Valve repair n = 3 (6.7%)
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Investigations

Laboratory tests

Elevated levels of  C-reactive protein  and ESR were 
observed in  all patients with endocarditis. Increased 
leukocytosis  and anaemia were revealed in  a  majority 
of  patients, in  which 4 patients (8.8%) required blood 
transfusion.

12-lead ECG 

Only a few patients with endocarditis had normal ECG 
records (n  =  4; 8.8%). The  most frequently ascertained 
cardiac arrhythmias  were atrial fibrillation (20% of  pa-
tients) and supra- and ventricular extrasystoles (15.6% 
of patients). When conduction disturbances are involved, 
the most frequent was right bundle branch block (13.3% 
of patients).

Microbial tests (blood cultures)

The  results of  the  microbiological investigations’  
attempts to find the etiology of IE and the type of antibi-
otics used during treatment are shown in Fig. 3.

Fig. 2. Characteristics of the group of patients with infective 
endocarditis studied according to the clinical symptoms 

* – headache, confusion, loss of consciousness, weakness, impaired vision.

Fig. 3. The results of blood cultures and cultured microorganisms in the group of patients with infective endocarditis studied. Frequency of use  
of antibiotics in regard to the results of antibiogram

including acute heart failure resulting from complica-
tions of  IE in almost 20% of  the patients studied. Like-
wise, a high incidence of central nervous system compli-
cations was noticed.

Musculoskeletal pain – 12%

Weakness – 31% Dyspnoe – 31%

Vascular phenomena  
e.g., nail hemorrhage,  

Janeway lesions,  
septic embolism – 6%

Thoracic pain –9%

Heart failure 
symptoms – 80% 

(22% of patients had 
symptoms of acute 

heart failure)

Fever – 92%

Neurological  
symptoms – 25%*
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leaflet was ascertained. All cases of mitral valve abscesses 
had perforated while only one-third of  the  aortic valve 
abscesses did.

Treatment

Optimal medical therapy was  administered in  every 
patient studied. Surgical treatment was required in 62.2% 
of induviduals, both as immediate (within 24 h) or urgent 
(in  a  few days) operations, mainly due to heart failure 
caused directly by an inflammatory process of the valves 
and its damage. The treatment management of patients 
with IE is presented in Fig. 4.

The  majority of  patients also had typical heart failure 
treatment administered, including beta-blockers (n  =  34; 
75.6%), mineralocorticoid receptor antagonists (n  =  25; 
55.6%), diuretics (n  =  21; 46.7%), angiotensin  converting 
enzyme inhibitors or angiotensin receptor blockers (n = 22; 
48.9%). Moreover, a  substantial part of  the group studied 
was treated with vitamin K antagonists (n = 5; 11.1%) and 

low molecular weight heparins (n  =  22; 
48.9%). Blood transfusions were required 
in 4 patients due to severe anemia (8.8%).

Complications of IE

The  type and incidence of complica-
tions in the group of patients with infec-
tive endocarditis  studied are presented 
in Table 3.

An example of heart valve destruction 
by the  inflammatory process is  shown 
in Fig. 5.

Discussion

IE is  hematogenous, systemic infec-
tion involving heart structures, and 
less frequently large blood vessels 
of  the  thoracic cavity or foreign mate-
rials implanted into heart cavities. IE 
has a diverse etiology and clinical mani-
festation and often requires different 
procedures in individual patients. In or-
der to make diagnostic and therapeutic 
decisions easier, there are guidelines 
on IE. We currently rely on the guide-
lines prepared by the European Society 
of Cardiology (ESC) in 2015.1

The  incidence of  IE is  relatively low 
and ranges from 3 to 10 episodes per 
100,000 person per year.2,3 There are 
3000 new cases of  IE diagnosed annu-
ally in  Poland. Low incidence makes 
it  difficult to carry out randomized 

Echocardiography

Standard transthoracic echocardiography (TTE) was 
performed in  every patient, and additionally, in  the  case 
of poor quality of TTE or when there were other indica-
tions (such as a prosthetic valve), transoesophageal echo-
cardiography (TEE) was also performed. The results ob-
tained from the echocardiography are presented in Table 2.

Only 4 (8.8%) patients revealed no echocardiographic 
changes, and among them half had already been treated 
with antibiotics. The most common location of bacterial 
vegetations was the aortic and mitral valve. The vast ma-
jority of changes were located in the left part of the heart, 
and in 1 patient with right-sided endocarditis it was as-
sociated with pacemaker lead implantation into the right 
ventricle (CDRIE, cardiac device-related infective endo-
carditis). Mitral valve insufficiency was  usually caused 
by the  presence of  abscess or vegetation that made 
valve leaflets impossible to cohere. However, in the case 
of acute mitral insufficiency, the perforation of the valve 

Table 2. Echocardiography results

Parameter x ± SD

LVEF [%] (n: 55–70%) 55% 9%

IVS [mm] (n: 6–12 mm) 11.6 mm 2.2 mm

PW [mm] (n: 6–12 mm) 10.6 mm 1.6 mm

Ascending aorta [mm] (n: 20–38 mm) 32 mm 5.6 mm

Vegetations [n = 41 (91.2% of studied group)]

Localization of vegetations n %

Aortic valve 26 58

Mitral valve 15 13.3

Wall endocardium 2 4.4

Intracardiac devices 1 2.2

No vegetations 4 8.8

Pathology of heart valves

Valve insufficiency Mitral valve, n (%) Aortic valve, n (%)

Mild 7 15.6 0 0

Moderate 11 24.4 2 4.4

Severe 9 20 11 24.4

Leaflet perforation 5 11.1 3 3.7

Ruptured chordae tendineae 1 2.2 0 0

Other complications 

Abscesses
5 (all 

perforated)
11.1 6 13.3

Pseudoaneurysms 0 0 1 2.2

Intracardiac fistulas 1 2.2 2 4.4

Others

Vegetations in RV n = 1 (2.2%) (lead of the pacemaker)

Pericardial effusion n = 7 (15.6%)

x – arithmetic mean; SD – standard deviation; LVEF – left ventricle ejection fraction; IVS – 
interventricular septum; PW – posterior wall of the left ventricle; n – number.

–

–
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clinical trials and meta-analyses. This  results in  prob-
lems with the  elaboration of  guidelines and providing 
it to clinicians.

Despite major advances in diagnostic and therapeutic 
procedures, IE still carries a poor prognosis and high mor-
tality. Furthermore, neither the incidence nor the mortal-
ity has decreased in recent decades. On the other hand, 

there have been some changes in the etiology of IE and 
the factors predisposing for its development.4 This situa-
tion is associated with an increasing number of medical 
procedures in cardiovascular diseases, such as implanta-
tion of  intracardiac devices (pacemakers, ICD, devices 
for resynchronization therapy) and prosthetic valves 
(in  the  study group, 40% of patients had prior valve re-
placement), as well as an increasing number of patients 
undergoing invasive procedures for non-cardiac reasons 
such as hemodialysis.5–7

Changes in  antibiotic use have undoubtedly had 
a huge impact on the alteration in etiology.8,9 Staphy-
lococcus, especially S. epidermidis, was  the  most fre-
quent etiological factor in the group studied. A meta-
analysis  concerning etiological changes over the  last 
half century delivered interesting data in  this  area, 
indicating an outstanding increase in  staphylococcal 
infections (formerly dominated by streptococci). Al-
though an increased frequency of  staphylococcal en-
docarditis  is  observed in  most developed countries, 
this  is  particularly evident in  the  United States, and 
most probably results from an increase in intravenous 
drug abuse.10 Even so, it seems that in Europe it is rath-
er connected with an increasing number of  invasive 
health-care-associated procedures (mainly in invasive 
cardiology and electrocardiology).

Table 3. IE complications observed during hospitalization

The study group of patients with IE n = 45 100%

Complication n %

Cardiac arrhytmias and conducting abnormalities 41 91

Valve damage (requiring surgery) 26 58

Cerebral stroke 8 17.8

Cardiogenic shock 7 15.6

Acute left ventricular failure (pulmonary edema) 5 11.1

Septic shock 5 11.1

Acute kidney injury 4 8.8

Pathological intracardiac connections (fistulas) 3 6.7

Sudden cardiac arrest 2 4.4

Transient ischaemic attack of CNS 1 2.2

Multiple cerebral abscesses 1 2.2

IE – infective endocarditis; n – number; CNS – central nervous system.

Fig. 4. The type of in-hospital treatment of patients with infective endocarditis with the urgency of surgery performed 

n – number; AVR – aortic valve replacement; MVR – mitral valve replacement; MVP – mitral valve repair; CABG – coronary artery by-pass grafting;  
TVP – tricuspid valve repair.

Patients with 
infective  

endocarditis

Treatment  
qualification

Surgery  
urgency

n = 45 
(100%)

surgical  
n = 28 
(62%)

conservative 
n = 17 
(38%)

immediate 
(within 24 h) 

n = 8 
(18%)

• AVR n = 4
• MVR n = 1
• Repairing ops: 

intracar diac fistulas 
n = 2 
reptured chorda tendinous 
n = 1

• AVR n = 13
• MVR n = 2
• AVR + MVP n = 2
• AVR + CABG n = 1
• MVR + CABG n = 1
• MVR + TVP n = 1

urgent 
(within a few days) 

n = 20 
(44%)
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The  same meta-analysis has also shown an increased 
incidence of  enterococcal endocarditis. Moreover, pa-
tients affected with this  etiology were more often  
in  worse general health condition, older, diabetic, had 
valve impairment, were dialyzed or with immunosup-
pression.11 Similar conclusions can be drawn from our 
study – the  third most common etiology of  IE (entero-
cocci) was  particularly evident in  severely ill patients. 
This  is  particularly important in  regard to increasing 
antibiotic resistance. In  developing countries, the  clas-
sic risk factors predisposing to IE (especially rheumatic 
heart disease) are present, and most frequently strepto-
coccal etiology is still observed.10 Over the last decades, 
a typical patient with IE, a young person with a history 
of rheumatic fever, has changed, and nowadays it is most 
often an older patient, burdened with a number of comor-
bidities, after prior cardiac surgery or cardiology inter-
vention. In  the group studied, men predominate, which 
is consistent with most observations, although some au-
thors did not demonstrate such a relationship.3

IE is not homogeneous disease but rather a set of clini-
cal conditions. Current European guidelines distinguish 
the following types of endocarditis, according to the site 
of infection and the presence or absence of intracardiac 

prosthetic material – left-sided native valve IE (NVE), 
left-sided prosthetic valve IE (PVE), right-sided IE, and 
device-related IE (the  latter including IE developing on 
pacemaker or defibrillator wires with or without associat-
ed valve involvement, CDRIE). With regard to acquisition, 
the  following situations can be distinguished: commu-
nity-acquired IE, health care-associated IE (nosocomial 
and non-nosocomial) and IE in  intravenous drug abus-
ers.1 It  is most frequently localized in a heart valve but 
can also be located in the wall endocardium of the atria 
or ventricles, the blood vessels and foreign material locat-
ed in the heart (valve, electrode). In the group of patients 
with IE studied, the most common location was in a re-
placed or degenerated aortic valve. In 1 patient, a lesion 
was located in the right heart and involved a pacemaker 
wire. Right-sided endocarditis is a rare condition affect-
ing up to 5% of all cases.1 The cause is usually related to 
intravenous drug abuse, although the  number of  right-
sided infections also increases in  the  group of  patients 
with implanted electrodes and catheters, as was present-
ed in our study.

The clinical presentation of IE, as shown in this study, 
can be very diverse, and is dependent on variety of  fac-
tors such as: the  location of  the  inflammatory process,  

Fig. 5. Echocardiographic image of infective endocarditis complication – perforation of aortic valve in 1 of the patients studied 

A – 2D imaging, perforation place is indicated with yellow arrow; B – color Doppler, perforation is seen as multicolor blood leak through the valve leaflets 
(green arrow). Source: institutional records.
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the age of the patient, immunological disorders or prior 
use of antibiotics. More and more often, the manifesta-
tion of IE is atypical, particularly in older individuals and 
those with immunosuppression.12

Despite a  patient’s medical history and physical ex-
amination, echocardiographic and microbiological 
tests play an essential role in  the diagnosis of  IE. TTE 
is a first-choice test when IE is suspected. The majority 
should also have TEE performed, particularly if the im-
age of the TTE is of poor quality. Echocardiography is not 
only necessary to confirm the diagnosis of  IE but also 
plays a  key role in  making therapeutic decisions, pre-
dicting disease course and confirming complications, 
but is  also used for periodic checkups of  the  patient 
in the long term. Only 4 patients showed no character-
istics for IE lesions in the TTE, of which half (2 persons) 
had already been administered antibiotics. The sensitiv-
ity of echocardiography in IE diagnosis is acceptable and 
ranges from 40 to 63% for TTE and from 90 to 100% 
for TEE.13 However, many situations might hinder an 
echocardiographic diagnosis  of  IE. Notwithstanding, 
one should still notice increasing opportunities due 
to the  development of  echocardiographic techniques. 
Modified Duke University Criteria allow for the  di-
agnosis of  the majority of  cases of  IE (80%). ESC 2015 
guidelines on IE emphasize the  use of  new diagnostic 
approaches, both molecular and imaging techniques 
such as computed tomography (CT), positron emission 
tomography (PET), single photon emission computed 
tomography (SPECT) with radiolabeled leukocytes, and 
cardiac magnetic resonance (CMR) in particular, diag-
nostically difficult cases (BCNIE, PVE, CDRIE). Abnor-
mal activity around the site of prosthetic valve implan-
tation detected by 18F-FDG PET/CT or radiolabelled 
leukocytes SPECT/CT or definite paravalvular lesions 
detected by CT are major criteria while vascular phe-
nomena (even clinically silent, seen only in imaging mo-
dalities) is  a minor ESC IE criterion. 18F-FDG PET/CT 
 increased the  sensitivity of  Duke Criteria from 70 to 
97% in  the case of PVE. However, it  allows early diag-
nosis and complication assessment such as emboli and 
metastatic infections as well as possibly revealing other 
sources of  infection (whole body PET/CT). It  could be 
non-specific in some situations however (inflammation, 
early postoperative period).

Blood cultures play a key role in determining etiology and 
its susceptibility to antibiotics. It  is worth remembering 
that bacteremia in IE is almost constant, which has clini-
cal implications (therefore, do not delay blood sampling 
to coincide with a  peak of  fever). An etiological factor 
mustn’t be specified based on a result of a single blood cul-
ture (3 blood samples in 30-min intervals should be taken 
prior the antibiotics). The most commonly-used criteria 
for diagnosing IE are modified Duke University Criteria 
characterized by a relatively high sensitivity and specific-
ity, which have recently been supported by new molecular 

and nuclear imaging diagnostic approaches in  the  ESC 
2015 document. They are based upon clinical, echocardio-
graphic and microbiological findings. Even so, they do not 
allow omitting clinical judgment, which is  the most im-
portant criterion. An assessment of the prognosis should 
follow a diagnosis by taking the following into consider-
ation: patient characteristics, complication occurrence, 
type of microorganism and echocardiography results that 
make it possible to identify emerging high-risk patients re-
quiring urgent surgical treatment and precise monitoring 
in order to improve outcomes. About 30% of subjects with 
strong clinical suspicion of IE are blood culture negative 
(BCNIE). Molecular techniques are useful in both the de-
tection and identification of  the causal organisms of  IE. 
ESC 2015 guidelines propose a serological diagnosis  fol-
lowed by PCR approaches in  the  case of  BCNIE. New 
PCR methods such as PCR electrospray ionization-mass 
spectrometry (PCR-ESI-MS) are available. Matrix-assist-
ed laser desorption ionization time of  flight mass spec-
trometry (MALDI-TOF MS) is an example of a non-PCR 
molecular approach, which is more cost-effective and al-
lows for identification of causal agents directly from blood 
cultures (no need of gene amplification). 

Proper treatment of IE always includes pharmacothera-
py and in many situations surgical intervention. A funda-
mental principle is antimicrobial therapy and frequently 
treatment of complications resulting from the inflamma-
tory process, particularly heart failure. The aim of antibio- 
tic therapy is microbial eradication. 

Duration of treatment depends on the pathogen type 
and location of the endocarditis. The native valve endo-
carditis (NVE) usually needs to be treated for 2–6 weeks, 
while IE of a prosthetic valve should last longer (at least 
6 weeks). Because the  treatment of  IE should be start-
ed promptly (before the results of blood cultures), usu-
ally empirical antibiotic therapy is administered as well 
as  in cases of non-identification of  the microorganism. 
After receiving the  results of  the  antibiogram, drugs 
should be adjusted to its results. In  the  study group, 
62.2% of  patients were operated on during hospitaliza-
tion. It  is  said that about 50% of patients need surgical 
procedures because of  endocarditis.2,14 Indications for 
immediate or urgent surgery results from the presence 
of  severe heart failure, uncontrollable infection and 
thromboembolic events. The  most common reason for 
surgery in active endocarditis is the emergence of acute 
heart failure.

IE, if left untreated, is  a  lethal condition. Complica-
tions of  IE, including death, are quite common, even if 
adequate therapy is  administered. In  the  group of  pa-
tients studied, the  most common complications were 
different forms of  heart failure. A  high incidence 
of  neurological disorders, especially cerebral stroke, 
were observed as  well. Neurological complications oc-
cur in  approx. 1/3 of  patients with endocarditis.15,16 
Likewise, in  the  study group, the  most common were  
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cerebral stroke and transient ischemic attack of the cen-
tral nervous system (TIA) or on the  other hand they 
could be asymptomatic and caused by embolic material 
detached from vegetations. A systemic embolism makes 
prognosis  poorer, and the  most important prevention 
method in  embolic complications is  an early diagno-
sis of IE, followed by appropriate antibiotic therapy.17 De-
spite these neurological adverse effects, most patients are 
still candidates for surgical treatment that could improve 
their outcomes.16

In recent years, a number of guidelines for IE have been 
published, which have completely changed the approach 
to antibiotic prophylaxis.18 The guidelines of the Ameri-
can Heart Association from 2007 were the first that ad-
vised a  complete change in  the  current management, 
reducing significantly the number of candidates to peo-
ple in  whom IE is  associated with a  very poor progno-
sis (implanted valve prostheses, prior endocarditis, some 
congenital cyanotic heart defects, heart transplantation 
with impaired function of the valves). When deciding on 
the use of antibiotic prophylaxis, we should also consider 
the  type of  medical interventions performed and addi-
tional circumstances. The 2008 NICE (National Institute 
for Health and Care Excellence) and 2015 ESC guidelines 
on antibiotic prophylaxis reduced the number of patients 
in which such prophylaxis could be beneficial.1,19 In these 
documents, it is emphasized that there is insufficient evi-
dence on the  effectiveness of  antibiotic prophylaxis  for 
IE, and that the  common use of  antibiotics can result 
in more side effects than benefits. Further, more atten-
tion must be paid to oral hygiene as one of the most suc-
cessful types of IE prophylaxis.

Conclusions

In the group of patients with IE studied, there was a more 
frequent occurrence of  predisposing factors, especially 
a history of valve replacement and/or repair interventions, 
the presence of bicuspid aortic valve and advanced tooth 
decay. Diagnosis of IE still remains a challenge. In a ma-
jority, ECG abnormalities, although not specific for IE, 
were observed, and echocardiography confirmed its use-
fulness in the visualization of characteristic for IE lesions. 
IE in the patients studied was associated with a high rate 
of  complications such as  structural damage of  the  heart 
and neurological events. Most of the patients, in addition 
to optimal medical therapy, required surgery. The  pres-
ence of  risk factors for developing endocarditis, particu-
larly the  occurrence of  advanced dental caries, requires 
extensive health education from an early age.
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Abstract
Background. The post-cardiac arrest (CA) period is often associated with secondary damage of the brain 
that leads to severe neurological deficits. The current practice guidelines recommend the use of therapeutic 
hypothermia (TH) to prevent neurological deficit and improve survival.

Objectives. The aim of the study was to investigate the implementation of medical guidelines in clinical 
practice and to evaluate the barriers for implementation of TH in cardiology units in Poland.

Material and methods. A telephone survey, fax and online inquiry form were used to assess the imple-
mentation of TH in cardiology units in the management of unconscious patients after cardiac arrest (CA). 
The questions addressed the local practice, TH protocol, reasons for not using TH and outcomes of CA pa-
tients.

Results. We obtained information from 79 units out of 150 asked (53%). At the time of the survey, 24 units 
(30.8%) were using TH as part of their post-CA management. Of all CA patients, 45% underwent TH in car-
diac intensive care units (CICU), 37.5% in the coronary care unit (CCU) and 12.5% in the intensive care unit 
(ICU). The major barrier for the implementation of TH declared by the non-cooling centers was lack of suf-
ficient knowledge regarding the technique and protocol, as well as experience (37%); access to dedicated 
equipment was not perceived as an obstacle.

Conclusions. The number of cardiology units that provide TH for comatose CA patients is low. The main 
limiting factor for wider use of TH is lack of knowledge and experience. There is a clear need for urgent 
educational activities for cardiology units. The benefits of TH still have not reached their potential in cardio- 
logy units.

Key words: cardiac arrest, therapeutic hypothermia, resuscitation, hypothermia registry, target tempera-
ture management
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Introduction

Cardiac arrest (CA) remains the major cause of sudden 
death; each year it affects around 375,000 people in Eu-
rope. Recovery from cardiac arrest with a delayed return 
of spontaneous circulation (ROSC) of more than 5 min is 
usually associated with an anoxic neurologic injury and 
is recognized as an important factor for increased mor-
bidity and mortality.1 Therapeutic hypothermia (TH) is 
a  well-established method which has shown a  positive 
impact on these outcomes.2–4 The  European Society of 
Cardiology strongly recommends the use of TH early 
after resuscitation of CA patients presenting acute myo-
cardial infarction with ST-segment elevation (class I, 
evidence B) who are comatose or under deep sedation.5 
Similarly, the recent European Resuscitation Council and 
European Society of Intensive Care Medicine Guidelines 
for Post-Resuscitation Care 2015 recommend active cool-
ing of patients after CA.6 It should be underlined that TH 
is one of many treatment methods used along the resus-
citation care chain and should not preclude implementa-
tion of other strategies. Furthermore, in order to ensure 
a high quality of care and safety, all teams providing TH 
must undergo dedicated training on the cooling protocol 
and TH methods. 

The  last survey, conducted in 2010, before European 
Society of Cardiology (ESC) guidelines were published, 
showed that the proportion of intensive care units (ICU) 
using TH in Poland was only 21.7%.7 The ICUs are usu-
ally managed by anesthesiologists, whereas patients after 
CA are often admitted to the cardiac intensive care units 
(CICU) and treated by cardiologists, therefore it is im-
portant to assure that access to TH management is also 
available in these units. At present, it is unknown what 
percentages of cardiology centers have a  dedicated TH 
program in place and are able to offer it to their patients 
in everyday practice. To investigate this matter, and to 
identify the main barriers for the implementation of a TH 
program, we have conducted a survey among cardiology 
centers that treat patients after CA. 

TH, defined as controlled cooling of patients after car-
diac arrest to a temperature between 32 and 34°C for a pe-
riod of at least 24 h, aims to temper the post-cardiac arrest 
syndrome inflammatory cascade. One of the underlining 
mechanisms that provide beneficial effects is the reduction 
of release of excitatory amino acids and free radicals, which 
terminate activating programmed cell death pathways. 
Moreover, the intracellular consequences of excitotoxin 
exposure are minimized. Furthermore, hypothermia in-
fluences cerebral blood volume, cerebral metabolic rate of 
oxygen and intracranial pressure, which are all decreased. 
As a consequence, oxygen demand and the function of the 
brain might be improved.1 

In  recent years, the development of TH programs 
across Poland has been actively supported by the Pol-
ish Cardiac Society, which, among others, included the 

foundation of the Polish National Registry of Therapeutic 
Hypothermia. In January 2014, the National Health Fund 
announced a dedicated reimbursement code for TH that 
ultimately eliminated the financial barriers for this meth-
od. The growing number of scientific reports on the clini-
cal benefits of TH increases the awareness of this method 
among Polish cardiologists.8–11 Positive results are more 
likely to be achieved if strict criteria for inclusion and ex-
clusion are applied. 

The  primary aim of the survey was to determine the 
implementation of the ESC and ERS guidelines in the 
clinical practice of cardiology units.

Material and methods

The data was prospectively collected from June to De-
cember 2014, using telephone survey, fax, online and print-
ed inquiry form (Supplement 1). The  investigators made 
an attempt to contact each of the 150 CICUs located in 
Poland. The answers were obtained from members of the 
CICU medical team, in particular the head of the depart-
ment or designated physician. In case there was no answer 
to the initial email/letter with the questionnaire, the cen-
ter was contacted by phone. In total, up to 3 attempts were 
made to contact each center. A detailed questionnaire in-
vestigated the experience of the center with TH (questions 
1–4), the local practice in place for the management of the 
patient (question 5), type of the mild TH protocol (ques-
tions 6–8 and 11–14), mode of cooling and temperature 
control (questions 9–10), obstacles related to the employ-
ment of TH in clinical practice (questions 15–16) and edu-
cational training received by the unit (questions 17–19). 
The investigators collected declarative data on the number 
of patients that were managed at each CICU and those suc-
cessfully discharged from the hospital. 

Descriptive statistics were used to present the results; 
the categorical data was presented as percentage and 
nominal numbers. The  percentages were reported in 
reference to the number of centers that provided the an-
swers unless clearly stated otherwise.

Results

Out of the 150 CICUs approached in the survey, approx. 
half provided answers to the questionnaire (53%, n = 79). 
Most centers replied to the questionnaire sent by tradi-
tional post (49%, 38), 36% (28) provided answer after tele-
phone contact from the investigators, 16.5% (13) submit-
ted their answers via email. 

Twenty-four centers confirmed the active use of TH in 
CA patients, 63% of them declared using hypothermia in 
a pre-hospital setting (Table 1). Almost half of the centers 
cooled less than 5 CA patients per year (Fig. 1). All treat-
ing centers have a dedicated TH protocol in place; nearly 
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all (96%, n = 23) used the target temperature range from 
32 to 34°C. In most cases (58%, n = 14), the target tem-
perature was maintained for 12–24 h, and in 38% it lasted 
for more than 24 h. The induction phase was usually per-
formed using an intravenous infusion of cold fluids (96%, 
n  =  23). External cooling methods were applied more 
often (75%, n  =  18), usually without control equipment 
(42%, n = 10). Every 4th center was equipped with an in-
travascular cooling system. The comparison of the main 
features of the TH protocols revealed that patients were 
qualified for the procedure regardless of the type of the 
1st cardiac rhythm (ventricular fibrillation, ventricular 
tachycardia, asystole or pulseless electrical activity). 

Among the centers that do not perform TH, only 33% 
(n = 18) are considering using TH in the future as part 
of  the local protocol for management of post CA pa-
tients. The main barrier for starting a TH program is lack 
of knowledge and experience (37%, n = 20). The centers 
were not aware that dedicated TH educational training is 
available (96%, n = 22) (Table 2). Only 37% (n = 20) of the 
centers had participated as least once in a dedicated TH 
workshop on the risks and benefits related to the proce-
dure (Table 3). 

Discussion

The  extended data surveillance conducted between 
June and December 2014 that included 150 CICUs in Po-
land revealed that 30.3% (24) of units use TH in their dai-
ly practice. This data is complimentary to the previously 
conducted survey among Polish ICUs, which revealed 
that 21.7% of the anesthesiology units surveyed have 
a TH program in place.7 A direct comparison of this data 
with the present study has some clear limitations and 
should not be used to draw firm conclusions as the profile 
of the patients treated in ICUs and CICUs differs; there 
has been over 5 years’ time difference, and meanwhile 
the reimbursement of TH has been introduced and there 
has been much more clinical evidence supporting tem-
perature control in CA patients published recently. Still, 
the observed differences in the applied cooling methods 
show that over the years there was an increase in the usage 

of dedicated cooling devices with temperature feedback 
(7% in 2010 vs 20% in 2014). The  use of temperature 
probes connected to the cooling device – a  controlled 
feedback system – allows for continuous measurements 
of the patient's temperature and the adjustment of cool-
ing elements accordingly. This approach is associated 
with increased safety and survival.12,13 

Fig. 1. Therapeutic hypothermia usage per year Table 1. Procedural characteristics and implementation of TH in units that 
routinely perform TH (n = 24)

Type of unit performing TH procedure

cardiac intensive care unit 50% (12/24)

coronary intensive unit 12.5% (3/24)

intensive care unit 37.5% (9/24)

Split of units (n = 24) according to:

The target temperature used

32–34°C 95.8% (23/24)

<32°C 0% (0/20)

>34°C 4.2% (1/24)

The duration of the maintenance phase (at target temperature)

<12 h 4.2% (1/24)

12–24 h 58.3% (14/24)

>24 h 37.5% (9/24)

The use of cold fluids for induction of TH

yes 95.8% (23/24)

no 4.2% (1/24)

The type of techniques used for maintaining hypothermia 

surface cooling without temperature feedback (ice 
packs, cold pads)

41.7% (10/24)

surface cooling system with temperature feedback 29.1% (7/24)

endovascular cooling system with temperature 
feedback

25% (6/24)

two techniques: surface and endovascular systems  
with temperature feedback

4.2% (1/24)

The site for temperature monitoring

esophagus 18.2% (4/22*)

bladder 36.4% (8/22*)

concomitant esophagus and bladder 45.4% (10/22*)

Qualifying ECG criteria for TH

any rhythm 87.5% (21/24)

only VF/VT 12.5% (3/24)

only PEA, asystole 0% (0/24)

Qualifying CA location criteria for TH

any place 70.8% (17/24)

prehospital CA 16.7% (4/24)

in-hospital CA 12.5% (3/24)

Use of neuromuscular-blocking agents 

routinely 41.7% (10/24)

only when muscle shivering occur 58.3% (14/24)

CA – cardiac arrest; PEA — pulseless electrical activity; TH — therapeutic 
hypothermia; VF — ventricular fibrillation;  VT — ventricular tachycardia; 
* – missing data (n = 2).
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ceived as a major problem, with only 7.7% of units indi-
cating that it prevents them from running a TH program 
for comatose post-CA survivors. 

After the above-mentioned published randomized tri-
al by Nielsen et al. that compared 2 target temperature 
strategies (33° vs 36°C), the view on the role of therapeutic 
hypothermia in post-resuscitation care has been exten-
sively discussed.15 The most recent “Guidelines for Resus-
citation 2015” published by the European Resuscitation 
Council include an option to use the target temperature 
of 36°C instead of the previously recommended 32–34°C. 
As the present study describes experience before the year 
2015, we have intentionally maintained the term TH. 
However, it should be underlined that in order to comply 
with the current evidence and guideline terminology, fu-
ture methodology should implement the notion of target 
temperature management. 

The  major limitation of our study was a  low response 
rate (53%) from CICUs. However, publication of the cur-
rent results might in the future encourage other units to 
take part in a study and, more importantly, to start using 
TH in their wards. A direct comparison of anesthesiology 
units and cardiology units might be misleading as they dif-
fer in terms of patient profiles and indications for cooling. 
Nonetheless, one would expect that both types of units 
should have much higher rates of TH availability than is 
currently reported. The  questionnaire used in the study 
had not been validated previously, therefore the results 
obtained should be interpreted causally. Nevertheless, we 
encourage authors of future studies to consider using this 
tool, which might provide additional date to validate it. 

Conclusions

The use of TH in comatose patients after CA with ROSC 
is low. Scientific evidence supports the use of TH in this 
population to improve prognosis and quality of  life. Fi-
nancial restrictions have been eliminated recently, which 
could improve the adherence to the guidelines which 
recommend using TH in such patients. Therefore, a lack 
of knowledge and experience remain the greatest barriers 
for wide deployment of TH. There is an urgent need to 
expand education and training among cardiologists, pro-
vided by centers experienced in TH. 
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Supplement 1 
Implementation of therapeutic 
hypothermia in post-cardiac arrest 
patients treated in cardiac intensive care 
and coronary care units.

Contact details:
I. Centre name:
II. Address:
III. Type: 

a. cardiac intensive care unit (CICU)
b. coronary care unit (CCU)

IV. Name of the contact person:

Questions:
1. How many post-cardiac arrest patients (CA) were 

treated at your centre in recent year?
Number:

2. Is your centre using therapeutic hypothermia (TH) in 
post-CA patients?
a. Yes
b. No

3. How many patients were treated with TH last year?
Number:

4. How many patients treated with TH survived until 
discharge?
Number: 

5. Which unit is treating post-CA patients at your cen-
ter?
a. cardiac intensive care unit (CICU)
b. coronary care unit (CCU)
c. intensive care unit (ICU)

6. What is the target temperature in your protocol? 
a. 32–34°C
b. <32°C
c. >34°C

7. What is the cooling time in your protocol?
a. <12 h 
b. 12–24 h
c. >24 h

8. Do you use cold fluids for the inductions of TH?
a. Yes
b. No

9. What cooling methods do you use for the TH proce-
dure?
a. Surface cooling with temperature feedback
b. Surface cooling without temperature feedback (ice, 

cold pads)
c. Intravascular cooling with temperature feedback

10. Site for temperature measurement?
a. Esophageal 
b. Bladder
c. Rectal
d. At least 2 of the above (which?)
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11. Which primary rhythms leading to CA are included 
in TH procedure?
a. VT/VF
b. PEA, asystole
c. Both above

12. Inclusion for TH depending on the setting of CA:
a. Pre-hospital CA 
b. In-hospital CA
c. Both settings

13. Is there a TH protocol in place at your center?
14. Do you use muscle relaxants for TH:

a. Yes, routinely
b. Only in case of muscle shivering

15. Do you plan to implement TH in the future (only if 
TH is not yet used)
a. Yes
b. No
c. N/a 

16. What is the barrier for implementation of TH at your 
centre? (only if TH is not yet used)
a. Lack of knowledge, experience
b. Lack of reimbursement
c. Lack of TH protocol
d. Limited medical staff
e. Lack of TH equipment 
f. Not convinced with the current body of evidence 

for the TH method
g. Other (which?)

17. Have you participated in TH Training?
a. Yes
b. No

18. Are you willing to take part in a TH Training? (only 
centers that have not participated in a training)
a. Yes
b. No

19. Do you know that TH Training is available and where 
to find it?
a. Yes,
b. No

20. If you are not willing to answer this questionnaire 
please share the reason why. 

Thank you!
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Abstract
Background. Genome-wide association studies (GWAs) focused on cardiovascular diseases reveal vari-
ants within genes which have not been analyzed through the pre-GWAs era, and whose function is often 
unknown. One of them is variant rs9818870 at the MRAS gene locus.

Objectives. To  analyze if MRAS polymorphism is  associated with acute coronary syndrome (ACS) risk 
in a Czech population and with mortality in male patients after myocardial infarction.

Material and methods. 1,779 male patients with ACS (aged 55.3 ±7.9 years) and 673 female patients 
with ACS (aged 64.0 ±8.1 years) were genotyped for rs9818870 polymorphism using the PCR-RFLP me- 
thod. In a subset of 1,221 patients, detailed diagnoses (901 subjects with STEMI, 280 subjects with NSTEMI, 
40 cases with unstable angina pectoris) were recorded. In 1,614 males, records about total and cardiovas-
cular mortality were available.

Results. Whether the  entire populations or  males and females have been analyzed separately or  not, 
we  have not confirmed the  described association between DNA marker rs9818870 and ACS in  Czechs 
(30.4% vs 29.4% carriers of the minor T allele [recessive model], p = 0.54; OR 1.05; 95% CI 0.89–1.24 for 
males and 32.1% vs 29.7% carriers of the minor T allele, p = 0.28; OR 1.12; 95% CI 0.91–1.37 for females). 
Types of the ACS (STEMI and NSTEMI) or mortality (in males only) were not associated with the analyzed 
polymorphism (all p > 0.34).

Conclusions. The rs9818870 variant is not associated with ACS or mortality in ACS patients in the Czech 
Slavonic population.

Key words: polymorphism, myocardial infarction, mortality, MRAS, Slavs
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Introduction

Cardiovascular disease (CVD) and especially acute coro-
nary syndrome (ACS) is among the most common mortal-
ity causes in developed countries. However, a substantial 
proportion of patients do not exhibit traditional CVD risk 
factors. Genetic polymorphisms could be used to  better 
identify subjects at elevated risk of cardiovascular events.1

Interestingly, the risk associated with DNA variants de-
tected by GWA (genome-wide association) studies is of-
ten partially (FTO) or even completely (9p21 locus) inde-
pendent of  “traditional” risk factors (smoking, diabetes, 
dyslipidemia).2–5

One of  the  CVD susceptibility loci has been discov-
ered at the MRAS gene (muscle RAS oncogene homolog-
gene, OMIM 608435, chromosomal location 3q22.3). 
The product of this gene is a protein, which is a member 
of  the  membrane-associated family of  Ras GTPase pro-
teins, mostly involved in cell growth and differentiation.6 
These proteins play an  important role in  the TNF-alpha 
and MAP kinase-signaling pathways, which suggests that 
they may be involved in adhesion signaling.7 Finally, very 
high expression of MRAS has been detected in heart tis-
sue, which supports the hypothesis that this protein plays 
a  significant role in  cardiovascular function. However, 
the role of MRAS in potential cardiovascular disease de-
velopment remains unclear in detail.

Two independent GWA studies have associated the single 
nucleotide polymorphism rs9818870 (which clusters with 
3 additional SNPs) with slightly (odds ratio of about 1.15) but 
significantly elevated risk of CAD.8,9 In both studies, interest-
ingly, polymorphisms at this locus were not associated with 
traditional risk factors.8,9 Further, an  association between 
the  same locus and coronary arterial calcification was de-
scribed, and Ellis et al. identified rs9818870 as a  CAD risk 
predictor in individuals without apparent heart disease from 
the  pooled sample of  the  Coronary Disease Cohort Study 
(CDCS), Canterbury Healthy Volunteer study (HV) and Post-
Myocardial Infarction study (PMI).9,10 Finally, a study of an-
giographed Saudi individuals suggests an association between 
the  rs9818870 polymorphism and coronary artery disease, 
defined as narrowing of the coronary vessels by at least 50%.11 

We attempted to  determine whether the  rs9818870 
variant at the MRAS locus would be associated with risk 
of  ACS in  the  Czech Slavonic population, since, based 
on previous reports, the rs9818870 variant at the MRAS 
locus seems to be responsible for enhanced risk of coro-
nary disease. To extend the current knowledge, we ana-
lyzed the connection between the same variant and all-
cause and cardiovascular mortality in a male subsample. 

Material and methods

In our study, 1,779 male patients with ACS aged under 
65 years (55.3 ±7.9 years) and 673 female patients with ACS 

aged under 70 years (64.0 ±8.1 years) were included.12,13,15 
They were consecutively enrolled between April 2006 and 
February 2015 at the Cardiology Unit of the Institute for 
Clinical and Experimental Medicine, Prague. In a subset 
of 1,221 patients, detailed diagnoses were recorded. The di-
agnoses were: 901 subjects with STEMI (722 males and 179 
females), 280 subjects with NSTEMI (225 males and 55 fe-
males) and 40 cases with unstable angina pectoris. 

Genotypes from 1,159 males (49.0 ±10.7 years) and 1,344 
females (48.6  ±10.6 years) were calculated as controls. 
These individuals were selected according to the WHO 
MONICA Project protocol as a  1% general population 
sample from 9 different Czech districts.15,16 

Mortality data (3–8 years after ACS) for males was  
obtained from the  Institute of  Health Information and 
Statistics (under the Ministry of Health of the Czech Re-
public), where all death certificates of the Czech popula-
tion are registered and analyzed. In our study we analyzed 
“all-cause mortality” and “cardiovascular mortality”.

DNA was isolated from white blood cells using 
the  “salting out” method with slight modifications.17 

Rs9818870 was analyzed using a PCR-RFLP using the oli-
gonucleotides 5́  ttactttgacgtgtcagtgtatac and 5́  tcagacc-
gtatgggttaagttctctgc and the Eco105I restriction enzyme. 
Restriction fragments were separated on 10% PAA gel us-
ing the MADGE system.18 All chemicals (Taq DNA poly-
merase, PCR chemicals, dNTP) were purchased from Fer-
mentas, Burlington (Ontario, Canada). From the first 500 
analyzed subjects, 40 CC, 5 CT and 5 TT subjects were 
sequenced to  confirm the  accuracy of  the  PCR-RFLP. 
One plate (94 samples) was genotyped twice by a differ-
ent technician with 100% conformity. Within each plate, 
1  standard sample was genotyped to  ensure complete 
digestion. The accuracy of PCR-RFLP is similar to other 
methods used for genotyping.19

Lipoprotein parameters (determined in  plasma after 
12 h fasting in controls only) were measured using con-
ventional enzymatic methods in a CDC Atlanta-accred-
ited laboratory with a Roche COBAS MIRA autoanalyzer 
using Roche chemicals.

For controls, diastolic and systolic blood pressure was 
measured after 10 min resting in  a  seated position as 
an average of 3 readings on the right arm using an au-
tomated BP-203 (Nippon Colin Co., Ltd., Kobe, Japan) 
sphygmomanometer. The  mean of  the  last 2 measure-
ments was used for analysis. In  ACS patients, because 
of  acute settings during examination, only a  history 
of self-reported hypertension (including the medication 
– use of antihypertensive drugs) was recorded. Similar-
ly, the BMIs of patients were also calculated from self-
reported data. 

For control subjects, definitions of the risk factors were 
as follows: (1) self-reported past or  current smoking;  
(2) dyslipidemia as total-cholesterol > 5.2 mmol/L and/or 
triglycerides > 2 mmol/L and/or self-reported use of lip-
id-lowering drugs; (3) body mass index (BMI) ≥ 30 kg/m2; 
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(4) hypertension (systolic/diastolic blood pressure 
higher than 139/89 mm Hg (measured in control group 
only) and/or self-reported use of antihypertensive drugs 
and (5) diabetes as fasting glucose over 7 mmol/L and/
or self-reported diabetes and/or antidiabetic medication. 
The self-reported information was obtained through self-
completed personal questionnaires under the  supervi-
sion of a trained nurse. 

The  Hardy-Weinberg equilibrium test [Court MH 
(2005–2008) Court-laboratory Hardy-Weinberg cal-
culator http://www.tufts.edu/~mcourt01/Documents/
Court%20lab%20-%20HW%20calculator.xls (accessed 
November 2015)] was used to confirm the  independent 
segregation of  alleles. The  χ2 tests [Tools of  Science, 
http://www.physics.csbsju.edu/cgi-bin/stats/contin-
gency_form.sh?nrow  =  2&ncolumn  =  3 (accessed No-
vember 2015)] and odds ratios (95% CI) [Hutchon DJR, 
(31/3/2001) http://www.physics.csbsju.edu/cgi-bin/stats/

contingency_form.sh?nrow  =  2&ncolumn  =  3 (accessed 
November 2015)] were calculated. Logistic regression 
(JMP Statistical Software, SIS Institute, Cary, USA) was 
used for the adjustment of OR with respect to potential 
confounding variables (sex, age, smoking status, diabetes 
mellitus, hypertension, dyslipidemia and obesity). P-val-
ues below 0.05 were considered significant.

Results

As expected, the patients were significantly older than 
controls (p < 0.001). All basic characteristics of controls 
and patients are summarized in Table 1.

There were no significant differences between the STE-
MI and NSTEMI groups with regard to  the  prevalence 
of traditional risk factors (data not shown in detail). 

The frequencies of individual genotypes (Table 2) were 
in  agreement with the  Hardy-Weinberg equilibrium 
(p = 0.75 for controls and p = 0.13 for patients). The mi-
nor allele frequency was almost identical to frequencies 
described in Western populations (~ 0.15 in Western Eu-
ropeans, 0.16 in Czechs).8,9

We did not confirm an  association between the  ACS 
and rs9818870 polymorphism (30.4% vs 29.4% of the mi-
nor T allele carriers [recessive model], p = 0.54; OR 1.05; 
95% CI 0.89–1.24 for males and 32.1% vs 29.7% carriers 
of the T allele [recessive model], p = 0.28; OR 1.12; 95% 
CI 0.91–1.37 for females). No significant association was 
found when males and females were analyzed together 
(Table 2). Adjusting for potentially confounding factors 
did not change these results significantly.

Similarly, no significant results were obtained 
when dominant (TT homozygotes vs C allele carri-

ers; p  =  0.54 and 0.45) and co-
dominant (TT vs CT vs CC; 
p  =  0.61 and 0.35) models were 
used. Also, the number of alleles 
did not significantly differ be-
tween the  patients and controls 
(p = 0.73 for females and 0.45 for 
males).

The  genotypes distributions 
of  the  MRAS rs9818870 variant 
for STEMI and NSTEMI pa-
tients are shown in Table 3. Due 
to the low numbers, patients with 
unstable angina pectoris were 
not analyzed. No significant dif-
ferences between the  STEMI 
and NSTEMI groups were ob-
served, regardless of  the  model 
of analysis used and irrespective 
of whether the entire population 
was compared, or  males and fe-
males separately.

Table 1. Basic characteristics of the groups and subgroups analyzed

Characteristics
Controls Patients

males females males females

Number 1,159 1,344 1,754 661

Age (years) 49.0 ±10.8 48.6 ±10.6 55.3 ±7.9 64.0 ±8.1

Total cholesterol 
(mmol/L)

5.74 ±1.07 5.81 ±1.14 5.09 ±1.21 5.38 ±1.19

Triglycerides 
(mmol/L)

1.96 ±1.30 1.47 ±0.84 2.03 ±1.65 1.72 ±1.18

BMI (kg/m2) 28.2 ±4.0 27.6 ±5.5 28.6 ±4.6 28.8 ±5.6

Non smokers (%) 41.3 63.8 22.9 35.8

T2DM (%) 8.9 6.8 17.4 18.9

Hypertension (%) 40.7 33.1 46.5 48.3

Table 2. Frequencies of the rs9818870 genotypes in controls and acute coronary syndrome (ACS) patients

Population
Controls ACS patients OR (95% CI)

p-value p-value*
n % n % crude

CC 1764 70.5 1670 69.2 0.42#

CT 672 26.9 689 27.4 1.08 (0.96–1.23) 0.21 0.33†

TT 67 2.7 56 2.3 0.88 (0.62–1.24) 0.50 0.23‡

Males
Controls ACS patients OR (95% CI)

p-value p-value*
n % n % crude

CC 819 70.7 1221 69.6 0.54#

CT 308 26.6 491 28.0 1.07 (0.90–1.26) 0.43 0.61†

TT 32 2.8 42 2.4 0.88 (0.55–1.41) 0.59 0.54‡

Females
Controls ACS patients OR (95% CI)

p-value p-value*
n % n % crude

CC 945 70.3 449 67.9 0.51#

CT 364 27.1 198 30.0 1.14 (0.93–1.41) 0.20 0.35†

TT 35 2.6 14 2.1 0.84 (0.45–1.58) 0.59 0.28‡

p-values* for dominant#, codominant† and recessive‡ models of analysis are given. Results remain 
nonsignificant after adjustment for potential confounding variables (sex, age, smoking status, diabetes 
mellitus, hypertension, dyslipidemia and obesity).
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Discussion

In contrast to other SNPs detected by GWAs as associ-
ated with CVD, such as markers on chromosome 9, with-
in the  gene for sortilin or  PCSK9, the  MRAS locus has 
attracted far less attention, and only a  few studies have 
been published. Given that the effect of the MRAS locus 
has an  OR  of  approx. 1.10–1.15, some publication bias 
must be expected since only positive results have been 
published so far.13,20,21–23 

Four studies, with quite different designs, suggested 
a possible, but weak, association between the rs9818870 
polymorphism at the MRAS locus and CVD risk.8–11 

In  comparison with these studies, we failed to  de-
tect this polymorphism as a  risk for ACS development 
in the Czech-Slavonic population. Furthermore, no effect 
was observed regardless of whether patients with a STE-
MI or NSTEMI diagnosis were analyzed. The reasons for 
these contradictions are a subject of speculation. Three 
studies have been performed in Western European Cau-
casians (and the  4th on  Saudi-Arabians), which possibly 
indicates some differences both in  genetic background 
and/or  lifestyle.8–11 Furthermore, previous studies have 
focused on  different outcomes, e.g., arterial calcifica-
tion or  angiographically-proven atherosclerosis, which 
is  in  contrast to  our study, which includes cases with 
clinically manifested atherosclerosis. The number of an-
alyzed individuals is not an  issue, as it  is similar in our 
and other original studies.8,9

Our study is the first to search for a potential associa-
tion between the  rs9818870 MRAS polymorphism and 
total ACS or cardiovascular mortality in males after ACS. 
In  this case, the  results were negative. We did not per-
form this analysis for females, because of the low power 
of  the  study in  this case (the  lower number of  subjects 
analyzed and lower mortality compared to males).

As the rs9818870 variant is not associated with any tra-
ditional risk factors of  atherosclerosis (a  finding we have 
confirmed), the  mechanism potentially leading to  CVD 

development is  still unclear. 
It is known that MRAS is expressed 
in  the  heart. Haas et al. speculate 
that rs9818870 may affect the  ex-
pression of  2 regulatory micro-
RNA (miRNA) molecules, namely 
miRNA-195 and miRNA-135, since 
they are located in close proximity 
to each other.24 It has been reported 
that miRNA-195 (located 16 to  38 
nucleotides upstream of rs9818870) 
is expressed slightly higher in a fail-
ing human heart suffering from 
ventricular hypertrophy, which in-
dicates that it may have some role 
in cardiac cell metabolism and de-
velopment.25

In a subset of males with known genotypes (n = 1,614; 
91.5%), total and cardiovascular mortality were analyzed 
(Table 4). The  distribution of  rs9818870 genotypes was 
almost identical when survivors were compared with 
all-cause mortality cases (30.5% vs 31.3% of the T allele 
carriers [recessive model], p = 0.79; OR 1.03; 95% CI 0.74–
1.44) and CVD mortality cases (30.5% vs 28.5% carriers 
of the minor T allele [recessive model], p = 0.88; OR 0.87; 
95% CI 0.56–1.39). 

Similarly to the original GWA studies, we did not detect 
significant associations between the traditional ACS risk 
factors and rs9818870 polymorphism in the control males 
or females (dyslipidemia, hypertension, obesity, smoking 
and diabetes mellitus type 2 prevalence, all p > 0.25, re-
sults not shown in detail).8,9 

Table 4. Frequencies of rs9818870 genotypes between survivors and non-survivors among patients after 
acute coronary syndrome (ACS) 

Total 
mortality

Survivors Nonsurvivors OR (95% CI)
p-value p-value*

n % n % crude

CC 995 69.5 126 68.8 0.79#

CT 400 28.0 53 28.7 1.04 (0.74–1.47) 0.80 0.93†

TT 36 2.5 4 2.6 0.88 (0.31–2.51) 0.81 0.85‡

CVD 
mortality

Survivors Nonsurvivors OR (95% CI)
p-value p-value*

n % n % crude

CC 995 69.5 79 72.5 0.88#

CT 400 28.0 27 24.8 0.85 (0.54–1.34) 0.48 0.77†

TT 36 2.5 3 2.7 1.05 (0.32–3.48) 0.94 0.52‡

p-values* for dominant#, codominant† and recessive‡ models of analysis are given. Results remain 
nonsignificant after adjustment for potential confounding variables (sex, age, smoking status, diabetes 
mellitus, hypertension, dyslipidemia and obesity).

Table 3. Frequencies of rs9818870 genotypes in acute coronary syndrome 
(ACS) patients according the STEMI and NSTEMI diagnosis 

Population
STEMI NSTEMI

p-value*
n % n %

CC 619 68.7 200 71.4 0.39#

CT 264 29.3 74 26.4 0.65†

TT 18 2.1 6 2.1 0.88‡

Males
STEMI NSTEMI

p-value*
n % n %

CC 499 69.1 163 72.4 0.34#

CT 209 28.9 57 25.3 0.57†

TT 14 1.9 5 2.2 0.79‡

Females
STEMI NSTEMI

p-value*
n % n %

CC 120 67.0 37 67.3 0.97#

CT 55 30.7 17 30.9 0.98†

TT 4 2.2 1 1.8 na‡

p-values* for dominant#, codominant† and recessive‡ models of analysis 
are given. Results remain nonsignificant after adjustment for potential 
confounding variables (sex, age, smoking status, diabetes mellitus, 
hypertension, dyslipidemia and obesity).
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In  summary, we did not confirm an  association be-
tween acute coronary syndrome and the rs9818870 poly-
morphism on chromosome 3 (3q22.3) in Czech-Slavonic 
males or females. Furthermore, we did not detect an as-
sociation between this DNA marker and total ACS or car-
diovascular mortality in male ACS survivors.
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Abstract
Background. In patients with intracranial tumors, hypercoagulability is observed due to brain tissue and 
tumor cells being the source of tissue factor.

Objectives. The aim of the study was to assess tissue factor (TF), tissue factor pathway inhibitor (TFPI) and 
protein C in the plasma and tumor tissue homogenate in patients with intracranial tumors.

Material and methods. The  study included 77 patients; 24 patients were diagnosed with glioma, 
20 patients with meningioma and 33 patients with metastatic tumors; mean age – 54 years. The material 
for the study was the plasma and tumor tissue homogenate sampled during surgery. The control group 
consisted of 30 controls; mean age – 51 years. In  the plasma of all the participants and in tumor tissue 
homogenate, the concentrations of TF-Ag, TFPI-Ag and protein C activity, and the concentration of  total 
protein were measured. The results were converted per mg of protein.

Results. In  patients with intracranial tumors, elevated concentrations of  TF-Ag, TFPI-Ag and protein C 
activity were noted, also after the conversion per mg of protein. A 100-fold higher concentration of TF per 
1 mg of protein was found in tumor tissue compared to the patients’ plasma. In tumor tissue homogenate, 
a lower TFPI concentration and a lower protein C activity were recorded.

Conclusions. The  study confirmed the  essential prothrombotic properties in  patients with intracranial 
tumors, expressed with an elevated TF level, as well as a tremendous amount of TF in tumor tissue ho-
mogenate derived from tumors. The elevated concentration of TFPI and protein C activity converted per 
mg of total protein should be analyzed in terms of their pleiotropic function, along with the participation 
in hemostasis control. It seems that the reduced protein C activity and low TFPI level are associated with 
the enormous TF value in tumor tissue homogenates.

Key words: tissue factor, tissue factor pathway inhibitor, protein C, intracranial tumors
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Introduction

Tissue factor is a glycoprotein located in the cell mem-
brane of tunica media myocytes, and in the blood stream 
it is scarce. It acts as a cellular receptor, and its structure 
covers an extracellular part responsible for the creation 
of  the complex with factor VII/VIIa activating coagula-
tion, while the transmembrane part is responsible for sta-
bilizing molecules, and the intracytoplasmatic part is in-
volved in signal transmission.1 The interaction between 
tissue factor and factor VIIa leads to the formation of ac-
tive complex TF/VIIa. The TF/VIIa complex is the main 
initiator of  extrinsic coagulation, which plays a  crucial 
role in thrombin generation, and it is directly associated 
with thrombosis and endothelial dysfunction.1,2

It is believed that in patients with gliomas, TF is the key 
cellular trigger of the coagulation process, however TF also 
plays an important role in signaling. It has been shown that 
it induces signaling via coagulation protease-activated re-
ceptors 1 (PAR-1/thrombin receptor) and 2  (PAR-2) and, 
consequently, it leads to overexpression of many genes in-
volved in  the  proliferative, migratory, pro-inflammatory 
and angiogenic phenotypes of tumor cells.3

The natural coagulation inhibitors include tissue factor 
pathway inhibitor (TFPI), antithrombin, protein C and 
S, as well as heparan sulfate. TFPI is the main inhibitor 
of TF-dependent coagulation activation. It is bound with 
factor Xa since in this combination it inhibits complex TF/
VIIa. It is the endothelium that is the main TFPI source; 
85% is bound to the endothelial cell surface and 15% is pres-
ent in the blood. Eighty-five percent of TFPI circulating 
in the blood is inactive and connected with lipoproteins, 
and 15% of TFPI occurs in an active form which rapidly 
inhibits TF/VIIa complex.1,4 It has been shown that TFPI 
infusion suppresses thrombosis, which has been induced 
in experimental animals by TF or endotoxin. On the other 
hand, tissue factor pathway inhibitor deficiency leads 
to the thrombotic process.4–6

Protein C (PC) is an important component of the inhi-
bition system associated with endothelium. PC activation 
requires binding to  2 receptors present on  the  surface 
of  endothelial cells; thrombomodulin and endothelial 
protein C receptor (EPCR). The  connection of  throm-
bin to thrombomodulin results in a loss of procoagulant 
thrombin properties and promotes protein C activation. 
This reaction is  remarkably enhanced when protein C 
connects to  receptor EPCR.7,8 Active protein C mainly 
leads to the proteolytic distribution of coagulation cofac-
tors; factors Va and VIIIa. Factor Va increases the forma-
tion of  the  prothrombinase complex 10,000-fold, while 
factor VIIIa is  an  essential cofactor for the  activation 
of factor X to Xa in the tenase complex and it enhances 
this reaction 200,000-fold. Thus, the breakdown of  fac-
tors Va and VIIIa by active protein C results in a signifi-
cant reduction of  thrombin formation and coagulation 
suppression.9

Studies of natural coagulation inhibitors in patients with 
intracranial tumors are rare, and the  results are divergent. 
Recently, additional TFPI and protein C properties have 
been discovered; namely their involvement in cell prolifera-
tion and migration, as  well as  their participation in  extra-
cellular matrix functioning. With all that in mind, the aim 
of  the  study was to  assess tissue factor (TF), tissue factor 
pathway inhibitor (TFPI) and protein C in the plasma and tu-
mor tissue homogenate in patients with intracranial tumors.

Material and methods

The study group consisted of 77 patients with intracra-
nial tumors (49 women and 28 men) aged from 26 to 73 
years (mean age was 54 years). The patients received care 
in the Neurosurgery and Traumatology Ward of Univer-
sity Hospital No. 2 in Bydgoszcz, Poland. The patients un-
derwent a surgical procedure to remove the tumor. Forty 
patients were over 60, while 37 were below 60. Neurologi-
cal deficits were observed in 22 patients. The histological 
grade of  tumor malignancy revealed in 34 patients was 
degree 1 and 2, and in  43 subjects it  was degree 3 and 
4. In 38 patients, a total tumor resection was made, and 
a subtotal resection in 39 patients. Fifty-one patients were 
hospitalized for less than 7 days and 26 subjects for longer 
in the Neurosurgery and Traumatology Ward. The con-
trol group consisted of 30 healthy volunteers (19 women 
and 11 men) aged 25–68 years (mean age was 51 years).

For the study, venous blood was collected from the pa-
tients before surgery and during surgery a tumor section 
(1 × 1 × 1 cm) was isolated, frozen and stored at  -86°C 
until assayed within 6 months. From the  healthy con-
trols, the  venous blood was collected in  a  fasting state 
after 30 min of rest between 7:00 and 9:00 a.m., and after 
a 12 h overnight fast.

The blood samples were immediately mixed and centri-
fuged at 3000 × g at +4°C for 15 min, and then the citrated 
plasma was frozen at –80°C (as specified by the manufac-
turer) until assayed within 6 months. The  tumor tissue 
samples were homogenized with liquid nitrogen, and 
treated with buffer (TRIS + Triton) to obtain the extracts 
of tumor tissue homogenates to be centrifuged, and sepa-
rated into Eppendorf tubes.

In the plasma and tumor tissue homogenates, the fol-
lowing parameters were determined:

1. the  concentration of  tissue factor antigen (TF-Ag), 
applying the Imubind TF ELISA method (Sekusui Diag-
nostics, Stamford, USA);

2. the  concentration of  tissue factor pathway inhibitor 
antigen (TFPI-Ag), using the  Imubind TFPI ELISA tech-
nique (Sekusui Diagnostics, Stamford, USA); 

3. the activity of protein C, with the Asserachrom Pro-
tein C ELISA technique (Diagnostica Stago S.A.S., As-
nières sur Seine, France); and

4. the concentration of total protein.
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The  study protocol was approved by  the  Bioethics 
Committee of Collegium Medicum in Bydgoszcz, Nico-
laus Copernicus University in  Toruń (KB/497/2012).  
All the participants gave their written informed consent.

Statistical analysis

The  statistical analysis was performed with the  use 
of STATISTICA v. 12.0 software (StatSoft®, StatSoft, Inc., 
Tulsa, USA). The  Shapiro-Wilk test was used to  assess 
the normality of the distribution, which facilitated the use 
of  Student’s t-test for independent and dependent vari-
ables; mean (X) and standard deviations (SD) were deter-
mined for those variables. The U-Mann-Whitney rank-
sum test, the Kruskal-Wallis test for independent variables 
and the Wilcoxon test for dependent variables were used 
when the  distribution was not normal. The  parameters 
with values deviating from a normal distribution were de-
scribed by the median (Me), lower quartile (Q1) and upper 
quartile (Q3). Also, the analysis of variance was applied.  
The p-values < 0.05 were considered significant. 

Results

Table 1 shows significantly higher TF-Ag levels 
in the plasma of patients with intracranial tumors than 
in the control group (p = 0.0001). The analysis of TF-Ag 
concentration per mg of total protein in both groups de- 
monstrates significantly higher TF levels in the patients 
than in the healthy controls (p < 0.0001). Also, TFPI-Ag 

level in the study group expressed per mg of protein de- 
monstrated significantly higher values than in  the con-
trol group (p < 0.0218). Protein C activity in the plasma 
and as  converted per mg of  protein were significantly 
higher in  the  patients than in  the  healthy individuals 
(p = 0.0331; p < 0.0001, respectively).

Among the  77 patients with intracranial tumors, 
the histopathological examination demonstrated the oc-
currence of  gliomas in  24 patients, meningiomas in  20 
patients and metastatic tumors in 33 patients. The com-
parison of  the  TF-Ag and TFPI-Ag concentrations and 
the activity of protein C in the plasma and in tumor tissue 
homogenates did not show any significant tumor-specific 
differences. Neither did the conversion per mg of protein 
of TF-Ag and TFPI-Ag demonstrate any significant dif-
ferences between patients with gliomas, meningiomas 
and tumors metastatic to the brain. However, the high-
est TF  concentration in  tumor tissue homogenates was 
observed in patients with meningioma. The comparison 
of  the  TF  concentration in  the  plasma of  the  subjects, 
expressed per mg of protein, with the TF concentration 
in tumor tissue homogenates presented that, in the case 
of  meningiomas, the  TF  concentration was 157-fold 
higher in  tumor tissue homogenate than in  the  plasma  

Table 1. Concentrations of TF-Ag and TFPI-Ag and protein C activity  
in the plasma of patients with intracranial tumors and controls, also  
converted per mg of protein

Parameters Statistics Study group 
n = 77

Control 
group 
n = 30

p-values

TF-Ag
(ng/mL)
plasma

Q1
Me
Q3

168.59
263.84
501.22

117.39
164.28
183.85

<0.0001*

TF-Ag
(ng/mg P)
plasma

Q1
Me
Q3

2.68
4.60
7.59

1.60
2.35
3.01

<0.0001*

TFPI-Ag
(ng/mL)
plasma

Q1
Me
Q3

75.56
95.44

134.00

68.96
83.33
94.78

0.0999

TFPI-Ag
(ng/mg P)
plasma

Q1
Me
Q3

1.15
1.49
2.29

1.07
1.21
1.52

0.0218*

Protein C
(%)

M  120.21  113.48 0.0331*

Plasma SD 9.92 12.93

Protein C
(%/mg P)

M  2.37  1.71 <0.0001*

Plasma SD 0.34 0.29

* – significant.

Fig. 2. Activity of protein C converted per 1 mg of protein in the plasma 
and tumour tissue homogenates in patients with intracranial tumours

Fig. 1. TFPI-Ag concentration in the plasma and tumour tissue homogenate 
in patients with intracranial tumours converted per 1 mg of protein

* – significant.

* – significant.
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The examination of the TF concentration in the blood 
of  patients with various types of  cancer (breast cancer, 
pancreatic cancer, colon cancer) demonstrates a high TF 
concentration, which was seen as the presence of throm-
botic risk or even overt thrombosis.10 Also, patients with 
gliomas demonstrated high TF levels, which significantly 
correlated with the  degree of  malignancy.11 The  his-
tochemical and immunological tests of  the  tissue frag-
ments derived from gliomas indicated a  TF expression 
in tumor cells and in endothelium in new vessels created 
in the process of angiogenesis.12

The  present study confirms that the  conversion 
of TF concentration per mg of protein in tumor tissue ho-
mogenate and, as compared to the plasma concentration 
of TF expressed per mg of protein in patients with intra-
cranial tumors, makes us aware of the huge amount of TF 
present in  intracranial tumor cells. It  is well-known that 
normal brain cells contain particularly high TF, similar 
to lung and placenta cells. This pool is further increased 
in cancer cells, where microRNA of tissue factor was re-
ported.13

Our observation is  extremely important in  light 
of the study, indicating the importance of TF in processes 
other than coagulation activation. Numerous studies show 
that TF plays an important role in the stimulation of cellu-
lar responses, gene transcription, cell survival and chang-
es in cytoskeleton, i.e., the processes required for cell fun- 
ctioning in the microenvironment.12,14

There are 2 known TF types: full-length TF or CD142, 
consisting of  the  extracellular, transmembrane and in-
tracytoplasmatic parts (flTF) and, identified in  2003, al-
ternatively spliced   tissue factor (asTF). The  flTF form 

is  responsible for the  activation of  the  co-
agulation process after damage to  the  endo-
thelium by  forming the  complex with factor 
VII.15 The  asTF form is, according to  some 
researchers, involved in  maintaining the  acti-
vation of coagulation, however through factor 
X activation.16 flTF promotes the  prolifera-
tion of tumor cells by the activation of PAR via 
flTF/VIIa complex, however asTF increases tu-
mor cell proliferation through integrin signal-
ing.15,16 The effect of both TF forms on tumor 
angiogenesis occurs through different mecha-
nisms: flTF uses PAR2, while asTF uses inte-
grin signaling. TF also assists the  tumor cells 
in the metastasis of these cells, and the escape 
from the  control of  the  host immune system 
via tumor microenvironment modulation.17

The  test used in  our study to  measure 
the  TF concentration in  the  plasma allows 
for identifying both TF forms, fltF and asTF. 
The TF source in patients with intracranial tu-
mors is not only the endothelial cells damaged 
by tumor cells but also the tumor cells them-
selves, as seen from an extremely high TF con-

in  those patients. It  was 126-fold higher in  the  patients 
suffering from metastatic tumors, and 104-fold higher 
in  patients with glioma. Thus, the  TF concentration was 
relatively the  highest in  tissue homogenates derived from 
meningiomas, followed by metastatic tumors and the lowest 
in the extract derived from gliomas homogenates (Table 2).

Table 3 demonstrates the TF-Ag and TFPI-Ag concen-
trations and protein C activity in the plasma and tumor 
tissue homogenates in patients with intracranial tumors 
depending on the histological grade of the tumor malig-
nancy, and expressed per mg of protein in the plasma and 
in tumor tissue homogenates. There were no significant 
differences depending on the histological grade of the tu-
mor malignancy in the selected parameters.

Fig. 1 and 2 present the  concentration and the  acti- 
vity of TFPI and protein C, respectively. The concentration 
and the activity of TFPI and protein C were lower in tumor 
tissue homogenates than in the plasma expressed per mg 
of protein in patients with intracranial tumors.

Discussion

This study has demonstrated a  higher concentration 
of TF-Ag in the plasma of patients with intracranial tu-
mors as compared to healthy individuals, which also was 
confirmed by the conversion of TF-Ag per mg of protein 
in  both groups. The  comparison of  the  concentration 
of TF-Ag in the plasma and in tumor tissue homogenate 
expressed per mg of  protein indicates that the  TF con-
centration in tumor tissue was hundreds-fold higher than 
in the plasma of patients with intracranial tumors.

Table 2. TF-Ag and TFPI-Ag concentrations and protein C activity in the plasma and tumor 
tissue homogenates in patients with intracranial tumors depending on histopathology 
diagnosis, and expressed per mg of protein in the plasma and in tumor tissue homogenates

Parameters Statistics

Histopathology examination

p-valuesglioma 
n = 24

meningioma 
n = 20

metastatic 
tumors 
n = 33

TF-Ag
(ng/mg P)
plasma

Q1
Me
Q3

2.65
4.66
7.55

2.43
4.82
9.73

2.92
4.60
7.59

0.9810

TF-Ag
(ng/mg P)
tissue

Q1
Me
Q3

359.69
486.80

251709.53

447.37
756.88

520050.62

456.87
582.10

485373.03
0.4070

TFPI-Ag
(ng/mgP)
plasma

Q1
Me
Q3

1.25
1.49
1.74

0.93
1.52
2.03

1.10
1.48
2.64

0.7236

TFPI-Ag
(ng/mgP)
tissue

Q1
Me
Q3

0.26
0.91
1.27

0.16
0.34
1.49

0.35
0.62
1.20

0.6806

Protein C
(%/mgP)
plasma

 
M
SD

 
2.34
0.29

 
1.99
0.21

 
2.41
0.34

0.5253

Protein C
(%/mgP)
tissue

M
SD

0.16
0.13

0.18
0.08

0.29
0.16

0.3471
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centration in tumor tissue homogenate. It is known that 
intracranial tumor cells produce a number of cytokines, 
including VEGF-A, which strongly intensifies the  per-
meability of  vascular walls, which, in  turn, can disrupt 
the blood-brain barrier.18 An increased TF concentration 
in the blood of patients with intracranial tumors may thus 
be associated with a disturbed function of the blood-brain 
barrier and the transition of TF to the blood.

Studies in recent years have shown that in patients with 
solid and metastatic tumors, the  TF sources in  blood 
are microparticles derived from tumor cells but also 
from blood cells (endothelium, platelets, leukocytes).19 
Skog  et  al. demonstrated an  increased number of  mic-
roparticles in the blood of patients with gliomas, which 
transport RNA and protein promoting tumor growth.20 
Sartori et al. showed that the microparticles circulating 
in the blood transport TF derived from highly malignant 
glioma with a potential prothrombotic effect.21

In  the  blood of  patients with intracranial tumors we 
have recorded an  elevated TFPI concentration and in-
creased protein C activity. TFPI and protein C are con-
nected with the endothelium surface, and their increased 
presence in  the  blood of  intracranial tumor patients 
is an expression of the compensatory response of the body 
to the elevated TF concentration in the patient’s blood. 

The  analysis of  the  available literature shows that 
an  increased concentration and activity of  protein C 
was reported in  patients with nephrotic syndrome and 
in  patients suffering from alcoholic and non-alcoholic 
cirrhosis.22,23 Agewall et al. suggested that increased pro-
tein C concentration depends on  intensified protein C 
synthesis by  the  liver.24 A high protein C concentration 
was also observed in patients with stroke and such a high 
level persisted for the  following 2 months.25 According 
to  the  authors, a  high concentration of  protein can be 
an independent positive predicting factor in patients with 
acute stroke.

The present observation of high protein C activity, along 
with a high TF concentration, in the blood of patients suf-
fering from intracranial tumors becomes especially im-
portant in conjunction with the research performed over 
the recent years demonstrating the pleiotropic properties 
of protein C. It has been shown that active protein C in-
hibits apoptosis by  stimulating anti-apoptotic Bcl-2 and 
inhibiting proteins p53 and Bax with a proapoptotic effect. 
Protein C is also capable of inhibiting the migration of im-
munological cells. These effects of protein C are intensi-
fied once it connects with receptor EPCR found on the en-
dothelium cell surface. It has also been demonstrated that 
protein C stimulates angiogenesis via the endothelial ni-
tric oxide synthase (eNOS) pathway. Protein C increases 
the proliferation and migration of keratinocytes by inten-
sifying the expression and activation of extracellular ma-
trix metalloproteinase MMP-2.26,27

Unlike in  blood tests in  intracranial tumor patients, 
protein C activity in  tumor tissue homogenate was sig-
nificantly lower. The clinical study analysis demonstrates 
that a decrease in the concentration and activity of pro-
tein C is essential in congenital and acquired thrombo-
philia. Congenital thrombophilia depends on  a  geneti-
cally-conditioned protein C deficiency or  the  presence 
of  inactive protein. Acquired thrombophilia, however, 
depends on the consumption of protein C in the coagula-
tion process in the case of the occurrence of the throm-
botic process in  the  patient. It  seems that a  decrease 
in the activity of protein C in tumor tissue homogenates 
is due to the vast presence of TF in brain cells and its ad-
ditional production by tumor cells.28

In the blood of intracranial tumor patients, we have noted 
an increase in the TFPI concentration, as compared to healthy 
individuals. The applicable literature shows that an increased 
TFPI concentration in the blood occurs in ischemic heart dis-
ease, in patients with diabetes type 1 and 2. An elevated con-
centration of the whole TFPI pool was reported in patients 

Table 3. TF-Ag and TFPI-Ag concentrations and protein C activity 
in the plasma and tumor tissue homogenates in patients with intracranial 
tumors depending on the histological grade of the tumor malignancy, 
and expressed per mg of protein in the plasma and in tumor tissue 
homogenates

Parameter Statistics

Histological grade 
of the tumor malignancy

p-values
1–2

n = 34
3–4

n = 43

TF
(ng/mL)
plasma

Q1
Me
Q3

225.62
331.90
406.00

168.44
223.71
273.41

0.1450

TF
(ng/mg P)
plasma

Q1
Me
Q3

3.78
6.32
7.44

3.14
4.42
5.25

0.1629

TF
(ng/mL)
tissue

Q1
Me
Q3

358.00
689.00

391711.00

378.00
710.00

421764.00
0.3685

TF
(ng/mg P)
tissue

Q1
Me
Q3

316.73
494.83

362766.21

326.16
547.70

386511.26
0.7330

TFPI
(ng/mL)
plasma

Q1
Me
Q3

75.96
83.02

101.08

91.88
115.40
133.44

0.0586

TFPI
(ng/mg P)
plasma

Q1
Me
Q3

1.27
1.50
1.70

1.48
2.03
2.64

0.1138

TFPI
(ng/mL)
tissue

Q1
Me
Q3

1.78
3.96
4.83

3.26
8.17

12.16
0.2778

TFPI
(ng/mg P)
tissue

Q1
Me
Q3

0.14
0.32
0.95

0.34
0.62
0.94

0.4025

PC (%)
plasma

M
SD

115.80
11.10

123.20
7.35

0.0682

PC (%/mg P)
plasma

M
SD

2.12
0.23

2.30
0.35

0.1733

PC (%)
tissue

M
SD

1.62
1.09

1.93
1.29

0.5491

PC (%/mg P)
tissue

M
SD

0.15
0.08

0.20
0.12

0.2670
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with solid tumors (lung, colon, breast and pancreas cancer), 
Hodgkin’s and non-Hodgkin lymphomas.22 It  is  claimed 
that an increase in TFPI is a result of its mobilization from 
the vessel wall since its major source are the endothelium 
cells derived from microcirculation. In patients with intra-
cranial tumors, endothelium can also be the source of TFPI, 
and the  factor which cause TFPI release into the  blood 
seems to be cytokines produced by tumor cells. 

In the case of a high TFPI concentration in the blood, 
one should stress that the major TF-dependent coagula-
tion pathway inhibitor has also other properties; it  has 
been demonstrated that TFPI is  capable of  inhibiting 
the  transmission of  signals triggered by  complex TF/
VIIa.29

However, in intracranial tumor homogenates, a lowered 
TFPI concentration was noted. The  literature analysis 
demonstrates that a lowered concentration of that inhibi-
tor occurs in  the  active thrombotic process, in  patients 
with a  cerebro-vascular accident, as  well as  in  patients 
undergoing serious operative procedures.30 In  all cases, 
the lowered concentration is a result of TFPI consumption 
in the thrombotic process. One should note that in homo- 
genates derived from intracranial tumors, a  low con-
centration of  that inhibitor of  TF-dependent activation 
is connected with a considerable amount of tissue factor. 

A limitation of this paper is the low number of patients 
qualified for the  study. The  results must be considered 
preliminary. The  study is  still in  progress and new pa-
tients are successively included to the study group.

Conclusions

The study confirmed the essential prothrombotic blood 
properties in patients with intracranial tumors, expressed 
with an elevated TF level as well as a tremendous amount 
of TF in  tumor tissue homogenate derived from tumors. 
An elevated concentration of TFPI and protein C activity 
in the blood converted per mg of total protein should be 
analyzed in terms of their pleiotropic function, along with 
the participation in hemostasis control. It seems that the re-
duced protein C activity and low TFPI level are associated 
with the enormous TF value in tumor tissue homogenates.
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Abstract
Background. Carotid endarterectomy (CEA) is a surgical procedure used in ischemic brain stroke preven-
tion in patients with symptomatic and asymptomatic severe carotid artery stenosis.

Objectives. This study compares perioperative stroke or death rate after carotid endarterectomy (CEA) 
in male and female patients, and determines risk factors for perioperative incidents in women and men.

Material and methods. The outcome of  surgical treatment of 269 consecutive symptomatic patients 
(181 men and 88 women) treated from January 2004 to August 2008 in the Department of Vascular, Gen-
eral and Oncologic Surgery was analyzed.

Results. Perioperative stroke-death rate (within 30 days after the surgery) in women was 6.8% (6/88) and 
3.3% (6/181) in men (p > 0.05). In the female group, none of the analyzed risk factors were associated with 
a higher risk of periprocedural incident, while in men, only hypercholesterolemia was a significant predictor  
of perioperative stroke (TC > 240 vs 240 vs 200–240: OR = 6.59; 95% CI: 1.12–38.97; p = 0.0375).

Conclusions. In men, hypercholesterolemia significantly increased the risk of perioperative stroke or death, 
while in females, none of the analyzed factors were determined as the predictors of the incident. The fact 
that plaque type VI by  AHA was significantly more frequent in  women and men more frequently were 
suffering from ischemic heart disease and peripheral artery occlusive disease appeared not to  influence 
the outcome of CEA.

Key words: carotid endarterectomy, perioperative stroke, gender
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Introduction

Carotid endarterectomy (CEA) is a surgical procedure 
used in ischemic brain stroke prevention in patients with 
symptomatic and asymptomatic severe carotid artery 
stenosis. Symptomatic carotid artery stenosis is  charac-
terized by  amaurosis fugax (AF), transient ischemic at-
tack (TIA) or  ischemic stroke. International trials like 
the  North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) and the  European Carotid Sur-
gery Trial (ECST) were independently conducted to  as-
sess the safety and efficacy of CEA, compared to the best 
medical therapy at  that time, in  patients with recently 
symptomatic stenosis.1,2 These trials have helped to define 
the current indications for CEA. The NASCET found that 
for every 6 patients treated, 1 major stroke would be pre-
vented at 2 years (i.e., the number needed to treat (NNT) 
out of 6) for symptomatic patients with a 70–99% steno-
sis.1 CEA should also be considered as a method of stroke 
prevention before routinely performed coronary artery 
bypass grafting (CABG) in patients with hemo-
dynamically significant carotid artery stenosis. 
Moreover, simultaneous CEA-CABG operations 
are effectively performed in  patients at  high 
risk of  cardiac and neurologic complications.3

The  guidelines for the  management of  extra-
cranial artery stenosis are still being discussed 
in the literature. A post-hoc analysis of the NA-
SCET and ECST showed groups of patients who 
benefitted the most from CEA. A secondary ex-
amination of  these research papers facilitated 
the creation of a stroke-risk profile based on med-
ical, neurological and angiographic findings.4–6 
The  data obtained from the  research revealed 
that, in addition to  the degree of stenosis, there 
were other important factors for the  outcome 
of CEA such as age, gender, neurological symp-
toms, and others connected with subsequent 
stroke or  surgical risk. It was found that plaque 
ulceration also increased the  risk of  stroke. 
For  an  ulcerated 95% stenosis, the  absolute risk 
reduction of  ipsilateral stroke obtained by  CEA 
was 54%.1,7 In  the  multicenter NASCET study, 
it was observed that women have a higher periop-
erative rate of stroke or death than men, however, 
these results were not statistically significant, 
while the  ECST detected a  significant increase 
in perioperative stroke and death in women com-
pared with men.2,8 The poorer surgical outcomes 
of  endarterectomy in  women are contributed 
to  several factors, like vessel diameter, sensitiv-
ity to antiplatelet therapy, sex hormones, plaque 
composition and morphology, emboli, and re-
stenosis rate.9–11 The  recently-published CREST 
(Carotid Revascularization Endarterectomy vs 
Stenting Trial) results showed that CEA is associ-

ated with similar rates of periprocedural stroke in women 
and men.12 Some research has also confirmed that female 
sex is  not independently associated with higher mortality 
or a higher stroke rate during CEA.13–15

In this paper, we critically analyzed the outcome of surgi-
cal treatment of patients with internal carotid artery steno-
sis in our department. The aim of this research is to com-
pare perioperative stroke or death rate after CEA in male 
and female patients. Furthermore, it seeks to determine risk 
factors of perioperative stroke or death in women and men 
with internal carotid artery stenosis treated with CEA.

Material and methods

Participants

The  outcome of  surgical treatment of  269 consecutive 
symptomatic patients with internal carotid artery steno-
sis was analyzed. The patients were hospitalized from 1st 

Table 1. Comparison of characteristics of the women’s and men’s groups 

Risk factor Women
(n = 88)

Men
(n = 181)

Total  
(n = 269)

χ2 test
p-value

Ischemic heart disease 17 57 74 0.0359

Blood pressurea

0.7198normal (<130/85) 50 107 157

high normal (130–139/85–89) 38 74 112

Arrhythmia 8 32 40 0.0632

Peripheral artery occlusive disease 13 67 80 0.0002

Body mass index (kg/m2)

0.9372
normal weight (18.5–24.9) 48 95 143

overweight (25–29) 33 72 105

obesity (>30.0) 7 14 21

Cigarette use 28 79 107 0.0629

TC (mg/dL)

0.7184
<200 10 17 27

200–239 60 132 192

>200 18 32 50

HDL-C (mg/dL)

0.5591>50 for women and  >40 for men 27 62 89

<50 for women and  <40 for men 61 119 180

LDL-C (mg/dL)

0.8454
<130 16 30 46

130–159 50 100 150

>130 22 51 73

Preoperative neurological symptom

0.4660
TIA 7 23 30

amaurosis fugax 22 47 69

stroke 59 111 170

Plaque type VI by AHA 68 93 161  <0.0001

a – based on 3 separate blood pressure analyses.
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January, 2004 to  31st August, 2008 in  the  De-
partment of  Vascular, General and Onco-
logic Surgery, Copernicus Memorial Hospital 
in Łódź. The examined group consisted of 181 
(67.3%) men (mean age 65 ±5, min 44 years, max 
76 years) and 88 (32.7%) women (mean age 68 ±5, 
min 42 years, max 79 years). All patients were 
symptomatic – they had had a  cerebral stroke 
(confirmed by  computer tomography), TIA 
or AF in the period from 4 weeks to maximum 
6 months before the  surgery. All the  patients 
were treated with acetylsalicylic acid, statins, 
and anti-hypertension drugs. Demographic 
features (age, sex), concomitant diseases (isch-
emic heart disease, hypertension, arrhythmia, 
peripheral artery occlusive disease), BMI, ciga-
rette smoking, and cholesterol level (TC, HDL, 
LDL) of the examined group were collected from 
medical documentation, which was prepared 
in accordance with the aim of this research. 

Procedure

The  patients had carotid artery Doppler 
ultrasonography performed, during which 
the degree of stenosis was assessed. All of them 
were classified to  surgical treatment (CEA)  
– they had 70–84% or 85–99% stenoses accord-
ing to  NASCET criteria.16 Patients with bilat-
eral high-grade stenoses had only the  artery 
with a higher stenosis rating operated on dur-
ing the  1 hospitalization. During the  surgical 
procedure, an  overall superficial assessment 
of  the  atherosclerotic plaque was performed 
by 1 person unaware of the aim of this research, 
a  vascular surgeon specialist (M.Ł). During 
the assessment procedure, all the plaques were 
cut open. On the basis of the AHA classification 
of  plaques, the  authors divided the  examined 
plaques into 2 groups: type VI or  other types 
by AHA.17,18 Type VI atherosclerotic plaque, ac-
cording to AHA, is characterized by plaque rupture, in-
traplaque hemorrhage, thrombus on the plaque surface, 
large lipid core, and less fibrous tissue.18 

Postoperatively, the patient was returned to the inten-
sive care unit for a period of 24 h. All of the patients since 
the 2nd day after surgery continued their previous phar-
macotherapy (statins, acetylsalicylic acid, anti-hyperten-
sive drugs).

Within 30 days after the surgery, the patients were as-
sessed for early general complications (stroke or  death). 
The adverse outcomes were documented by formal neuro-
logical examination by a neurologist in our hospital. More-
over, female and male groups were compared in  the  as-
pects of  type of  atherosclerosis plaque (type VI or  other 
types according to AHA) and concomitant diseases.

Statistical analysis

Women and men were compared across their charac-
teristics using χ2 test. The statistical comparison includ-
ed perioperative stroke or death in relation to concomi-
tant diseases and plaque morphology in women and men. 
As a measure of this correlation, χ2 test and logistic re-
gression analysis were applied. Uni- and multivariate lo-
gistic regression were performed to determine the factors 
or combination of factors accounting for the occurrence 
of periprocedural stroke in all patients and in female and 
male groups separately. P-value p  <  0.05 was accepted 
as  the  level of significance. Statistical analysis was con-
ducted using the STATA 9 statistical package (StataCorp 
LLC, College Station, USA).

Table 2. Risk factors and plaque types in the group of women examined

Risk factor
Perioperative stroke/death

χ2 test
p-valueyes

(n = 6)
no

(n = 82)
total  

(n = 88)

Age 65 ±8 68 ±5 68 ±5 0.4715

Ischemic heart disease 2 15 17 0.3677

Blood pressurea

0.1744normal (<130/85) 5 45 50

high normal (130–139/85–89) 1 37 38

Arrhythmia 1 7 8 0.5037

Peripheral artery occlusive disease 2 11 13 0.1844

Body mass index (kg/m2)

0.6993
normal weight (18.5–24.9) 4 44 48

overweight (25–29) 2 31 33

obesity (>30.0) 0 7 7

Cigarette use 3 25 28 0.3219

TC (mg/dL)

0.5337
<200 0 10 10

200–239 4 56 60

>200 2 16 18

HDL-C (mg/dL)

0.2878>50 for women and  >40 for men 3 24 27

<50 for women and  <40 for men 3 58 61

LDL-C (mg/dL)

0.8871
<130 1 15 16

130–159 3 47 50

>130 2 20 22

Preoperative neurological symptom

0.2055
TIA 0 7 7

amaurosis fugax 0 22 22

stroke 6 53 59

Plaque type VI by AHA 6 62 68

a – based on 3 separate blood pressure analyses.
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Results

The characteristics of  the groups of women 
and men are presented in Table 1. Men signifi-
cantly more frequently than women suffered 
from ischemic heart disease (p  =  0.0359) and 
peripheral artery occlusive disease (p = 0.0002) 
while in  women, AHA plaque type VI oc-
curred significantly more often than in  men 
(p < 0.0001) (Table 1). 

In all of the patients, the perioperative stroke-
death rate after CEA was 4.5% (12/269) – 6.8% 
(6/88) in  the  female group and 3.3% (6/181) 
in men (p > 0.05). 

In  the  female group, none of  the  analyzed 
risk factors were associated with a higher risk 
of  periprocedural stroke or  death, and none 
could be included in  uni- or  multivariate re-
gression (p > 0.1 for all items) (Table 2).

In men, statistical analysis showed that peri-
operative stroke or  death was significantly 
more frequent in  those with ischemic heart 
disease and arrhythmia (p  <  0.05). Variables 
with p < 0.1 were included in the univariate lo-
gistic regression analysis (age, ischemic heart 
disease, arrhythmia, BMI, TC). Uni- and mul-
tivariate logistic regression analysis showed 
that from all of the analyzed risk factors, only 
hypercholesterolemia was a significant predic-
tor of periprocedural stroke (TC > 240 vs <200: 
OR  =  2.57; 95% CI: 1.06–6.24;  >240 vs 200–
240: OR = 6.59; 95% CI: 1.12–38.97; p = 0.0375) 
(Tables 3, 4). 

Additionally, the  characteristics of  all pa-
tients, regardless of  their sex, were included 
in  logistic regression analysis, which showed 
that ischemic heart disease and AHA plaque 

type VI were risk factors of perioperative stroke or death 
(IHD: OR = 6.1; 95% CI: 1.75–21.26; p = 0.0045; plaque 
type: OR = 8.37; 95% CI: 1.05–66.75; p = 0.045) (Table 5). 

Discussion

We examined the  outcomes of  CEA in  the  aspect 
of potential risk factors for perioperative stroke or death 
in a male and female group of 269 patients. We found that 
plaque type VI according to AHA was significantly more 
common in  women, however none of  the  analyzed fac-
tors were associated with a higher risk of periprocedural 
stroke or death in this group. The risk of periprocedural 
incident was influenced in a statistically significant fash-
ion by hypercholesterolemia in men.

Several studies have confirmed a difference in outcome 
after carotid surgical treatment of carotid arteries steno-
ses between men and women. Hayes et al. observed that 

Table 3. Risk factors and plaque types in the group of men examined

Risk factor
Perioperative stroke/death

χ2 test
p-valueyes

(n = 6)
no

(n = 175)
total  

(n = 181)

Age 63 ±6 65 ±5 65 ±5 0.0820

Ischemic heart disease 6 51 57 0.0002

Blood pressurea

0.2198normal (<130/85) 5 102 107

high normal (130–139/85–89) 1 73 74

Arrhythmia 3 29 32 0.0348

Peripheral artery occlusive disease 2 65 67 0.8493

Body mass index (kg/m2)

0.0603
normal weight (18.5–24.9) 6 89 95

overweight (25–29) 0 72 72

obesity (>30.0) 0 14 14

Cigarette use 4 75 79 0.2476

TC (mg/dL)

0.0689
<200 1 16 17

200–239 2 130 132

>200 3 29 32

HDL-C (mg/dL)

0.9614>50 for women and  >40 for men 2 60 62

<50 for women and  <40 for men 4 115 119

LDL-C (mg/dL)

0.5397
<130 0 30 30

130–159 4 96 100

>130 2 49 51

Preoperative neurological symptom

0.2231
TIA 2 21 23

amaurosis fugax 2 45 47

stroke 2 109 111

Plaque type VI by AHA 5 88 93 0.1113

a – based on 3 separate blood pressure analyses.

Table 4. Uni- and multivariate logistic regression analysis  
of risk factors in men

Risk factor
Univariate analysis

OR 95% CI p-value

Age 0.88 (0.74; 1.05) 0.1548

Arrhythmia
0.0547

yes vs no 5.03 (0.97; 26.19)

TC

0.0375>240 vs <200 2.57 (1.06; 6.24)

>240 vs 200–240 6.59 (1.12; 38.97)

Risk factor Multivariate analysis

TC

0.0375>240 vs <200 2.57 (1.06; 6.24)

>240 vs 200–240 6.59 (1.12; 38.97)

Univariate analysis for IHD and BMI was not performed because some 
categorical variables equal zero.
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plaque on  angiograms and timing of  the  surgery rela-
tive to  the  time of  the  qualifying ischemic event. None 
of the risk factors like diabetes mellitus, hypertension, hy-
perlipidemia, coronary artery disease, intermittent claudi-
cation or smoking significantly increased the perioperative 
risk, nor the age or sex of  the patient.33 Type of anesthe-
sia (general vs local) also does not affect perioperative 
mortality and morbidity in  patients undergoing CEA.34 
On the basis of the ECST results, 4 statistically significant 
risk factors were determined: ocular vs cerebral presenting 
symptoms; systolic hypertension ≥180 mm Hg; peripheral 
vascular disease; and female sex.35 It was also shown that 
in patients with intracranial occlusions and stenoses, peri-
operative and late strokes or vascular deaths appear more 
frequently in comparison to those without intracranial le-
sions.36 In contrast, some authors emphasize that contra-
lateral stenosis ≥50% and previous symptoms of cerebral 
vascular accidents or  intraoperative shunt insertion and 
postoperative high blood pressure may not be risk factors 
for increased complications after CEA.37

Our study revealed that female sex is connected with 
AHA plaque type VI presence (in gross eye view assess-
ment in  women undergoing CEA). Moreover, we found 
that the  risk factors for perioperative stroke or  death  
after CEA differ between women and men. Sex differenc-
es have been recognized in atherosclerotic plaque forma-
tion, cerebral stroke risk and occurrence of cardiovascu-
lar events.23 Some studies in relation to the hormone level 
in  women and the  occurrence of  cardiovascular events 
proved that estrogens have a protective effect on athero-
genesis, and, as a consequence, on clinical manifestations 
of atherogenesis.38 A  literature review leads to  the con-
clusion that carotid plaque type VI according to  AHA 
occurs more often in symptomatic women with ICA ste-
nosis than in men. However, carotid artery plaques ob-
tained from asymptomatic women are more stable and 
less inflammatory compared to men.23 Irregular, ulcerat-
ed atherosclerotic plaques have important clinical signif-
icance. Such lesions have a tendency for disruptions that 
are often a  source of distal emboli as well as occlusion, 
resulting in  transient cerebral symptoms. Plaque type 
VI, in which disruptions of the lesion surface, hematoma 
or hemorrhage, and thrombotic deposits have developed, 
are largely responsible for morbidity and mortality from 
atherosclerosis.39 More studies focusing on  specific fac-
tors affecting different outcomes between men and 
women after CEA simultaneously assessed in both symp-
tomatic and asymptomatic patients are needed to draw 
clinically relevant conclusions.

In  conclusion, the  results of  our research demonstrate 
that periprocedural complications after CEA did not differ 
between women and men. The fact that AHA plaque type 
VI was more frequent in women and men more frequently 
were suffering from ischemic heart disease and peripheral 
artery occlusive disease, appeared not to influence signifi-
cantly the outcome of CEA. However, multivariate analysis 

women developed more than a 2-fold increase in the num-
ber of  emboli in  the  postoperative period. The  authors 
found that a possible explanation for the  increased rate 
of  complications after CEA was the  increased throm-
boembolic potential of women.19 Laman et al. and Stork 
et al. described a  higher level of  microembolic signals 
in  women in  the  postoperative period, which were as-
sociated with earlier cerebrovascular complications.20,21  
On the basis of a literature review concerning the etiologi- 
cal factors responsible for different outcomes between 
women and men after CEA, several ones were distin-
guished: vessel diameter, plaque morphology, sex hor-
mones, microembolic potential and restenosis. It is worth 
mentioning that none of  the  above-mentioned studies 
analyze more than 1 factor simultaneously.19–29

However, the overall evidence for outcome differences 
by gender-specific characteristics in the literature is limi- 
ted.30 Mantese et al. found that sex did not modify 
the treatment effect.31 Some authors emphasize that fe-
male sex alone is not an adjunctive risk factor for poor 
outcome after CEA in comparison to male patients, how-
ever subgroups of  female patients at  ahigher surgical 
risk can be distinguished – with contralateral occlusion  
or diabetes.32

The  idea that certain medical and angiographic char-
acteristics have potential value in  determining the  peri-
operative risk in  CEA has been discussed.5–7 The  risk 
factor profiles obtained from the  NASCET database in-
cluded the presence of a hemispheric vs retinal TIA, left-
sided procedure, contralateral carotid occlusion, ipsilate- 
ral ischemic lesion on  CT scans, irregular or  ulcerated 

Table 5. Uni- and multivariate logistic regression analysis of risk factors 
in total group

Risk factor
Univariate analysis

OR 95% CI p-value

IHD
0.0052

yes vs no 5.79 (1.69; 19.85)

Blood pressure
0.0927

high normal vs normal 3.74 (0.8; 17.42)

Arrhythmia
0.0789

yes vs no 3.07 (0.88; 10.72)

BMI

0.051218.5–24.9 vs 25–29 4.29 (0.99; 18.5)

18.5–24.9 vs >30 18.36 (0.99; 342.25)

Plaque type by AHA
0.0502

type VI vs other types 7.85 (0.99; 61.70)

Risk factor Multivariate analysis

IHD
0.0045

yes vs no 6.1 (1.75; 21.26)

Plaque type by AHA
0.0450

type VI vs other types 8.37 (1.05; 66.75)
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including all patients, regardless of their sex, showed that 
those with ischemic heart disease and AHA type VI ca-
rotid atherosclerotic plaque are at  a  higher risk for peri-
procedural stroke. In men, contrary to women, hypercho-
lesterolemia significantly increases the risk of the incident. 
Therefore, we believe that many different factors, not only 
the  degree of  stenosis, radiological characteristics, like 
regularity of  atherosclerotic plaque and presence of  in-
tracranial disease, but also sex of  the  patient, should be 
taken into consideration when balancing the benefits and 
harms of ICA revascularization. In addition, further work 
is  needed to  develop the  risk assessment tools specific 
to patients undergoing CEA.
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Abstract
Background. Osteopontin a matricellular protein has pro-fibrotic effects and binds integrin such as αvβ1 
and αvβ3. Vitronectin is one of the integrin αvβ3 ligands and is a multifunctional glycoprotein.

Objectives. The  aim of  the  present study was to  evaluate serum osteopontin and vitronectin levels  
in a cohort of patients with systemic sclerosis (SSc).

Material and methods. Eighty-six patients with SSc, 46 patients with systemic lupus erythematosus 
(SLE), and 38 healthy controls (HC) were enrolled in the study. Serum osteopontin, vitronectin, IL-6, and 
TGF-β levels were analyzed.

Results. Serum osteopontin levels were higher in  the  SSc and SLE groups compared to  the  HC group 
(p < 0.01 and p < 0.001, respectively). However, it was not correlated with disease activity and sever-
ity scores in the SSc group. On the other hand, serum vitronectin levels were lower in the SSc group than 
in the SLE and HC groups (p < 0.001 for both).

Conclusions. These results may suggest that osteopontin levels may be increased due to the inflamma-
tory process and osteopontin has not a specific role on fibrosis in SSc. On the other hand, serum vitronectin 
levels decrease in SSc in contrast to SLE. It may be concluded that the one cause of decreased serum vitro-
nectin levels in SSc may be its accumulation in fibrotic area.

Key words: systemic sclerosis, osteopontin, vitronectin
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Introduction

Systemic sclerosis (SSc) is a chronic inflammatory dis-
ease, which is characterized by fibrosis in the skin and in-
ternal organs.1 Its etiopathogenesis is uncertain. However, 
immune activation and vasculopathy are the main patho-
genic issues. The infiltrations of inflammatory cells like T 
lymphocytes, mast cells and macrophages are shown in skin 
biopsies of SSc patients.2 Fibrosis occurs with the excessive 
synthesis and deposition of  collagen and other extracel-
lular matrix (ECM) molecules.3 Active fibroblasts (myo-
fibroblasts) are responsible for the  production of  ECM. 
Although the active mesenchymal cells produce ECM mol-
ecules, the source of these cells is controversial. However, 
the transformation of bone marrow-derived local mesen-
chymal precursor cells into fibroblastic cells is  respon-
sible from the continuity of fibroblastic activity, in SSc.4,5

Osteopontin (OPN), which is produced from osteoclasts, 
osteoblasts, T cells, macrophages, dendritic cells, and fibro-
blast cells, is  a  matricelullar glycoprotein, and it  has pro-
inflammatory and pro-fibrotic properties.6 This molecule 
modulates signaling between various cells by binding to cell 
surface integrins (αvβ1, αvβ3, αvβ5, αvβ6, α5β1, α8β1) and 
to CD44.7,8 OPN stimulates inflammation via the partici-
pation of macrophages, dendritic and T-cells into systemic 
circulation. It  contributes to  the  development of  Th1-in-
duced cytokine responses (tumor necrosis factor [TNF]-α, 
interferon-γ, interleukine [IL]-2), and regulates the behavior 
of  fibroblasts and myofibroblasts differentiation.9–11 Fur-
thermore, OPN gene expression has been reported to  be 
increased in  SSc.12,13 In  addition, serum OPN levels are 
demonstrated to be higher in SSc.14 Dermal fibrosis induced 
by bleomycin has been reported to be less common in mice 
with OPN gene deficits compared to wild-type mice.15

Integrins, a  large group of  trans-membrane proteins, 
consist of α and β subunits. They mediate cell-cell and cell-
matrix interactions. Integrin αvβ3, the  best-known vitro-
nectin (VTN) receptor, consists of αv (CD51) and β3 (CD61) 
subunits. Although integrin αvβ3 is expressed at low levels 
in almost all normal tissues, its expression is high in osteo-
clasts, neutrophils, macrophages, and endothelial cells.16 
These cells play an important role in  inflammation and 
angiogenesis, which are pathogenic features of SSc. More-
over, previous studies have demonstrated the contribution 
of VTN on hepatic, pulmonary and renal fibrosis.16–19

The present study aimed to determine the serum levels 
of OPN and VTN, and also to investigate their probable 
effects on disease activity and severity indices in SSc.

Material and methods

Patients and study design

Eighty-six patients with SSc fulfilling the classification 
criteria as stipulated by the American College of Rheuma-

tology (ACR), 46 patients with systemic lupus erythema-
tosus (SLE) fulfilling classification criteria as stipulated 
by the Systemic Lupus International collaborating Clinic 
(SLICC)/ACR, and 38 healthy controls (HC) were enrolled 
in  this study.20–22 Local Ethics Committee approved 
the  study, and informed that participant consents were 
obtained. The  rheumatological examination of  all par-
ticipants was also performed. In addition, patients were 
questioned about clinical manifestations of  the disease.

Disease activity and severity scores

In  the  SSc group, the  extent of  skin involvement, de-
gree and severity of  internal organ involvement were 
determined by respectively modified Rodnan skin score 
(mRSS), Medsger disease severity scale and Valentini dis-
ease activity index.23–25 Apart from this, the United King-
dom functional score (UKFS) was performed, and finger-
palmar flexion distances were measured.26

Laboratory analysis

Blood samples were taken at 8 am after 8–12 h of fast-
ing. Routine laboratory, complement (C3-C4) and au-
toantibody panel tests (ANA-IFA, anti-centromere, 
anti-Scl-70) were studied on  the  same day. Erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP) levels 
were assessed by the classic Westergren and immunotur-
bidimetric methods, respectively. In addition, 5 mL blood 
samples were collected for analysis of OPN, IL-6, VTN, 
TGF-β, and centrifuged at 5000 rpm for 3 min to obtain 
sera. The separated sera were stored at –20°C until use. 

OPN (Boster Biological Technology Co., Ltd., Pleasan-
ton, USA), TGF-β (Boster Biological Technology Co., Ltd., 
Pleasanton, USA), IL-6 (Boster Biological Technology Co., 
Ltd., Pleasanton, USA) and VTN (Eastbiopharm Co., Ltd., 
Hangzhou, China) levels were measured by the method 
of  enzyme-linked immunosorbent assay (ELISA) using 
suitable commercial kits. 

In the SSc group, pulmonary function test and carbon 
monoxide diffusing capacity were measured. High-reso-
lution chest computed tomography was performed in pa-
tients with abnormal findings on  posteroanterior chest 
X-ray. Pulmonary arterial pressure (PAP) was measured 
with transthoracic echocardiography and systolic PAP 
above 40 mm Hg was considered as pulmonary arterial 
hypertension (PAH).

Statistical analysis

IBM-SPSS 21 software was used in  statistical analy-
sis. The  data was expressed as mean ± standard de-
viation. One-way analysis of  variance (ANOVA) and 
Tukey post-hoc tests were applied for parametric data. 
Nonparametric data was analyzed using Kruskal-Wal-
lis variance analysis and the  Mann-Whitney U  test.  
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In the parametric data, distribution normality was eval-
uated with the Kolmogorov-Smirnov test. Logarithmic 
transformations were applied to the skewed data (ESR, 
CRP, IL-6, TGF-β, OPN and VTN) to normalize them 
before they were entered into the analysis. On the other 
hand, analysis of covariance (ANCOVA) was also used 
to adjust variables for age and sex, since mean age and 
gender distribution were significantly different among 
the  groups. Categorical data was analyzed with the  χ2 
test. Pearson correlation analysis was used to  assess 
the relationship between data. P-values < 0.05 were con-
sidered significant.

Results

Demographics and laboratory data of the study groups 
are shown in the Table 1. The mean ages of patients with 
SSc group were higher compared with SLE and the HC 
groups (p < 0.001 and p < 0.05, respectively). On the other 
hand, the mean age of patients with SLE group was sig-
nificantly lower than in the HC group (p < 0.001). Simi-
larly, there were the statistically significant gender differ-
ences among the 3 groups (p < 0.001). Although female 
ratios were similar in the SSc and SLE groups (p > 0.05), 
the male ratios were higher in the HC group than in SSc 
and SLE groups (p < 0.001 for both).

In SSc and SLE groups, compared with HC group, ESR 
levels were higher (p < 0.001). On  the other hand, CRP 
levels in SSc group were significantly higher than the HC 
and SLE groups (p < 0.05 and p < 0.001, respectively). 

Compared with the  HC group, serum OPN levels 
in  SSc and SLE groups were statistically significantly 
higher (p < 0.01 and p < 0.001, respectively). The increase 

of OPN level remained significant even after adjustments 
for age and gender (ANCOVA p < 0.01 and p < 0.001, re-
spectively). However, serum OPN levels in the SSc group 
were significantly lower than in the SLE group (p < 0.05 
and ANCOVA p < 0.05) (Table 1). 

Serum VTN levels were significantly lower in the SSc 
group compared with the SLE and HC groups (p < 0.001 
for both). The  decrease of  VTN level remained signifi-
cant even after adjustments for age and gender (ANCO-
VA p < 0.001 for both). Serum VTN levels in the SLE and 
HC groups were similar (p > 0.05 and ANCOVA p > 0.05) 
(Table 1). 

In the SSc group, there was no statistically significant 
difference between females and males in terms of OPN, 
VTN, IL-6 and TGF-β levels (p  >  0.05). Serum TGF-β 
levels were lower in  patients receiving glucocorticoids 
compared to nonusers in the SSc group (33.01 ±32.79 vs 
44.69  ±129.90 pg/mL, p  =  0.047). Similarly, TGF-β lev-
els were determined to be lower in patients who receive 
methotrexate compared to  nonusers in  the  SSc group 
(4.74  ±8.40 vs 47.33  ±121.13 pg/mL, p  =  0.046). In  ad-
dition, VTN levels were found to be significantly lower 
in patients who take methotrexate compared to not tak-
ing methotrexate (189.17 ±82.59 vs 267.13 ±180.53 ng/L, 
p = 0.034). 

Clinical characteristics and laboratory data of  dif-
fuse cutaneous SSc (dcSSc) and limited cutaneous SSc  
(lcSSc) subgroups were shown in  the Table 2. There was 
no relationship between the levels of OPN, VTN, IL-6 and 
TGF-β, and the positive ANA, anti-centromere and anti-
Scl-70 in  the SSc group (p > 0.05 for all). In  the patients 
with PAH, digital ulcer, internal organ-system involvement 
such as lungs, cardiovascular system, kidneys and gas-
trointestinal tract compared with those who do not have 

these kind of  complications, 
there was no significant differ-
ence in  terms of  OPN, VTN, 
IL-6 and TGF-β levels (p > 0.05 
for all). Furthermore, SSc sub-
types, the degree of nailfold cap-
illaroscopy findings and Meds-
ger (skin-lung-heart) disease 
severity index were not related 
with the  levels of  OPN, VTN, 
IL-6 and TGF-β (p > 0.05 for all). 
However, in the SSc group, there 
was a significant correlation be-
tween OPN levels and patients’ 
age (r = 0.224, p < 0.05). 

Serum IL-6 level was also cor-
related with visual analog scale 
(VAS) score (r = 0.292, p < 0.01). 
On  the  other hand, there was 
negative correlation between 
OPN and VTN levels in the SSc 
group (r = –0.269, p < 0.05). 

Table 1. Demographic and laboratory characteristics of the study groups

Parameters SSc (n = 86) SLE (n = 46) HC (n = 38) p-value

Age (years) 51.2 ±12.7×××,† 34.3 ±9.9× 44.2 ±14.2  < 0.001#

Gender (f/m) 80/6× 42/4× 20/18  < 0.001&

BMI (kg/m2) 26.1 ±4.7 24.2 ±5.1× 27.9 ±4.7 0.002#

Disease duration (years) 6.2 ±5.1 5.5 ±5.3 – 0.453

Leukocyte (103/mm3) 7.6 ±2.6† 5.6 ±2.3 6.7 ±1.8  < 0.001#

Thrombocyte (103/mm3) 312.8 ±90.1††† 260.4 ±113.5××× 312.8 ±92.5 0.009#

Hemoglobin (g/dL) 12.6 ±1.6××,†† 11.6 ±1.9× 13.8 ±1.7  < 0.001#

ESR (mm/h) 27.8 ±16.8× 39.1 ±28.9× 18.1 ±15.8  < 0.001*

CRP (mg/dL) 1.73 ±3.84×××,† 0.74 ±1.32 0.93 ±2.72 0.002*

IL-6 (pg/mL) 22.9 ±59.4 16.8 ±54.1××× 5.3 ±3.3 0.234*

TGF-β (pg/mL) 41.1 ±109.7××,†† 15.3 ±20.6 23.1 ±52.3 0.002*

OPN (ng/mL) 26.67 ±15.33xx,†† 36.86 ±18.62x 19.56 ±6.41  < 0.001*

VTN (ng/L) 252.6 ±169.1×,† 501.4 ±487.7 526.1 ±357.2  < 0.001*

SSc – systemic sclerosis; SLE – systemic lupus erythematosus; HC – healthy control; M – male; F – female;  
BMI – body mass index; ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; IL – interleukin;  
TGF-β – transforming growth factor-beta; OPN – osteopontin; VTN – vitronectin; compared with the HC 
group, ×p < 0.001, ××p < 0.01, ×××p < 0.05; compared with the SLE group, †p < 0.001, ††p < 0.01, †††p < 0.05;  
* Kruskal Wallis variance analysis; # one-way ANOVA; and & χ2 test p-values.
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mast cells and macrophages has been shown in the skin 
biopsies of patients with SSc.1–4

Osteopontin, a  pleiotropic cytokine, participates 
in  the  recruitment and retention of  inflammatory cells 
such as T lymphocytes, macrophages to the site of inflam-
mation.8–10 In addition to its possible effects on the stage 
of inflammation in the pathogenesis of SSc, OPN directly 
regulates the fibroblastic activity.11 In this regard, the 1.4-
fold increase compared to patients with idiopathic PAH, 
and 4-fold increase compared to  healthy volunteers 
in  the  serum OPN levels of SSc patients were observed 
in  a  previous clinical study.14 Subsequently, in  another 
study, serum OPN levels have been determined to  be 
higher in patients with SSc compared to the HC group.13 
Similarly, in  our study, serum OPN levels were higher 
in the SSc group.

Because of its level being higher in SSc and SLE groups 
in this study, the increase in the level of OPN in SSc was 
thought to  be associated with the  inflammatory nature 
of the disease. It has been shown that the classic mediators 
of  acute inflammation such as TNF-α and IL-1β induce 
the OPN expression strongly, as well as the fibrogenic cy-
tokines such as TGF-β and angiotensin II can also induce 
OPN upregulation.27 OPN expressed by  bone and kid-
ney in physiological conditions is known to be expressed 
through inflammatory cells, especially T cells, macro-
phages and dendritic cells in pathological conditions.6

In the present study, the  fact that there is no correla-
tion between serum OPN levels and the amount of fibro-
sis or disease severity supports the view that OPN is not 
directly associated with fibrosis. On the other hand, Lo-
renzen et al. have reported that the level of OPN is higher 
in patients with dcSSc than in lcSSc in whom the patients 
with former subtype have wider fibrosis.14 It  has also 
been reported in the same study that there is a correla-
tion between OPN levels and mRSS. Moreover, OPN lev-
els have been showed to be higher in patients with PAH 
and interstitial lung disease (ILD) compared to non-PAH 
and ILD patients.14 One reason for not verifying these 
relations in this study may be the heterogeneous nature  
of  the  disease. The  inflammatory state can be variable 
at different stages of the disease and even in different vis-
ceral involvements.

It  has been demonstrated previously that the  levels 
of  OPN are elevated in  various inflammatory diseas-
es.28–30 In the present study, the relationship between se-
rum OPN levels and SSc subtypes, disease activity, and 
severity scores were not detected. In addition, there was 
no correlation between serum OPN levels and laboratory 
parameters specific to  SSc and capillaroscopy findings. 
According to these findings, it can be concluded that as 
OPN does not have a directly pathogenic role in SSc, and 
its levels rise indirectly due to the inflammatory nature 
of the disease. 

Another important ECM protein is  VTN as in  OPN. 
VTN, one of the integrin αvβ3 ligands, is a multifunctional 

Discussion

In  this study, serum OPN and VTN levels were stud-
ied in  patients with SSc and SLE. Serum OPN levels 
were higher in  SLE as well as SSc in  the  present study. 
On the other hand the serum VTN level was decreased 
in SSc in contrast to SLE. 

Systemic sclerosis is  a  chronic systemic disease char-
acterized by the fibrosis of the skin and internal organs. 
Although the etiopathogenetic mechanism of SSc is not 
fully understood, the pathogenesis of SSc consists of a tri-
ad including fibrosis, vasculopathy and inflammation.2 
Fibrosis occurs as a result of excessive ECM production 
or insufficient ECM degradation.3 Fibroblasts, which are 
responsible in the production of ECM, are the main actors 
in the pathogenesis of SSc. In this process, the pro-fibrot-
ic cytokines and chemokines are responsible in the trans-
formation and proliferation of  myofibroblasts.4,5 Also, 
these mediators are released from inflammatory cells and 
activated and/or damaged endothelial cells. It  is known 
that the inflammation and vasculopathy as pathogenetic 
stages of SSc begin the adventure before fibrosis.1 The in-
filtration of  inflammatory cells such as T lymphocytes, 

Table 2. Disease activity and severity scores, organ system involvements 
and laboratory features in the subtypes of patients with SSc

Parameters dcSSc  
(n = 12) lcSSc (n = 67) p-value

ANA positivity, n (%) 12 (100) 59 (88.1) 0.207×

Anti-centromere positivity, 
n (%)

1 (8.3) 11 (16.4) 0.418×

Anti-Scl 70 positivity, n (%) 12 (100) 29 (43.3) <0.001×

mRSS 18.7 ±7.1 9.9 ±5.1 <0.001*

Valentine disease activity 
index

1.3 ±0.5 1.6 ±0.5 0.059*

Medsger disease severity 
scale (skin/pulmonary)

1.7 ±0.8 /
1.3 ±0.5

1.2 ±0.4 /
0.8 ±0.9

0.001 /
0.023*

VAS for patients 5.4 ±1.7 5.1 ±1.6 0.525*

VAS for physicians 6.3 ±0.6 4.7 ±1.6 0.001*

UKFS 4.2 ±4.3 6.1 ±8.6 0.641*

ILD, n (%) 12 (100) 31 (46.3) <0.001×

PAH, n (%) 5 (41.7) 14 (20.9) 0.893×

ESR (mm/h) 29.3 ±14.4 27.2 ±17.1 0.512*

CRP (mg/dL) 1.2 ±1.7 1.8 ±4.3 0.552*

IL-6 (pg/mL) 32.5 ±68.7 20.7 ±60.1 0.299*

TGF-β (pg/mL) 105.1 ±260.8 31.1 ±46.3 0.291*

OPN (ng/mL) 30.5 ±17.1 26.6 ±15.4 0.325*

VTN (ng/L) 210.2 ±92.5 261.9 ±183.1 0.390*

dcSSc – diffuse cutaneous systemic sclerosis; lcSSc – limited cutaneous 
systemic sclerosis; ANA – anti-nuclear antibody; VAS – visual analog scale; 
UKFS – United Kingdom functional score; ILD – interstitial lung disease; 
PAH – pulmonary arterial hypertension; ESR – erythrocyte sedimentation 
rate; CRP – C-Reaktif protein; IL – interleukin; TGF-β – transforming growth 
factor-beta; OPN – osteopontin; VTN – vitronectin; * Mann-Whitney U test; 
and × χ2 test p-values.
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glycoprotein that is  present in  blood and in  the  ECM.31 
This protein, which is an adhesive glycoprotein in struc-
ture, is initially defined as serum spreading factor in blood. 
VTN plays an important role in  fibrinolysis, the  im-
mune defense, and hemostasis by providing cell adhesion 
and migration through interaction with collagen.32–34 
In the present study, serum VTN levels were detected lower  
in SSc group. The one reason of the decreased VTN lev-
els may be that it functions as a negative acute phase re-
actant. The decreased levels of VTN have been reported  
in patients with rheumatoid arthritis and Behçet’s disease 
in another study.35 However, in the current study, the un-
diminished levels of VTN in SLE, which is another inflam-
matory disease, and the lack of association of serum VTN 
levels with the  levels of  cytokines and acute phase reac-
tants in both SSc and SLE may challenge this argument.

In contrast to SLE, VTN levels being reduced in SSc may 
cause another interpretation that VTN has anti-fibrotic 
effects, and reduced VTN level augments fibrosis in SSc. 
While binding to αvβ3 integrin via Arg-Gly-Asp (RGD) do-
main, VTN binds to Urokinase-type plasminogen activa-
tor receptor (uPAR) by somatomedin B domain.19 A more 
recent study demonstrates that inactivation of uPAR gene 
induces dermal and pulmonary fibrosis in mice.36 Con-
sidering the relationship between VTN with uPAR, VTN 
could be interpreted as anti-fibrotic potential. However, 
the delayed wound healing in response to tissue damage 
and decreased angiogenesis has been reported to be asso-
ciated with the deficiency of VTN in mice.37 In the litera-
ture, the relatively raised accumulation of VTN in tissues 
has been reported to be associated with fibrosis of inter-
nal organs, such as liver, lungs and kidneys.17–19 In sub-
sequent studies, the  increased expression of  integrin 
αvβ5, which serves as a receptor for VTN by SSc dermal 
fibroblasts, and the  role of  VTN in  stimulating the  au-
tocrine TGF-β signaling pathway in  dermal fibroblasts 
derived from localized SSc have been demonstrated.38,39 
According to  this data, it  may be accepted that VTN 
does not have anti-fibrotic effects. Then, the most prob-
able explanation of  the  decreased serum levels of  VTN 
in  patients with SSc is  the  accumulation of  VTN in  fi-
brotic skin and subcutaneous tissues. Lopez-Guize et al. 
have showed the accumulation of VTN in the experimen-
tal models of renal fibrosis in fibrotic areas.19

There are some limitations of  this study. Foremost, 
the levels of OPN and VTN were only investigated in se-
rum. In  addition to  serum levels, the  assessment of  lo-
cal tissue expression could be more accurate. Moreover, 
the sample size is relatively small.

As a result, OPN levels are increased in chronic auto-
immune diseases such as SLE and SSc. Contrary to com-
mon belief, OPN may not be a specific cytokine involved 
in  the  stage of  fibrogenesis in  SSc. This molecule plays 
a role possibly as part of the acute inflammatory response 
by regulating the chemotaxis of macrophages and T cells 
towards the  area of  inflammation. On  the  other hand, 

serum VTN levels decrease in SSc in contrast to SLE and 
it  may be concluded that VTN has anti-fibrotic action 
or the one cause of decreased serum VTN levels in SSc may 
be the accumulation of this ECM protein in fibrotic area.
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Abstract
Background. The pathology of diabetes is associated with several mechanisms, one of which is oxida-
tive stress (OS). The relationship between OS and diabetic complications has been extensively investigated. 
OS has been suggested to be involved in  the genesis of both macro- and microangiopathy. In  contrast, 
the relationship between OS and insulin action is a neglected research area.

Objectives. The aim of this study is to elucidate the effect of glycemic control in type 2 diabetic patients 
by following the serum levels of some real-time oxidative stress biomarkers.

Material and methods. The study group consisted of 53 type 2 diabetic patients (31 with poor glycemic 
control and 22 with good glycemic control) and 24 healthy control subjects. The oxidative stress biomarkers 
(ROS, Asc• and •NO) were measured by using electron paramagnetic resonance spectroscopy (EPR) meth-
ods and compared with clinical parameters.

Results. The statistically significantly higher levels of ROS products and •NO in type 2 diabetic patients 
in both groups compared to controls mean that the oxidation processes take place at the time the survey 
is performed. Free radical overproduction persists after the normalization of the glucose levels, and oxida-
tive stress may be involved in the “metabolic memory” effect. This is confirmed by the positive correlation 
between ROS levels/•NO and average blood glucose levels, triglycerides, and total cholesterol. Furthermore, 
the low level of the ascorbate radical in both diabetes groups compared to controls confirmed an increase 
in oxidation processes.

Conclusions. Higher levels of real-time biomarkers show that intensive insulin treatment does not lead 
to the expected decrease in oxidative processes involving ROS and •NO, probably due to “metabolic memory”.

Key words: diabetes, oxidative stress, free radicals
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Under normal conditions, the low concentrations of re-
active oxygen species (ROS) and reactive nitrogen species 
(RNS) are essential for life, because they are involved in cell 
signaling, and are used by  phagocytes for their bacteri-
cidal action. Cells are protected against the  toxic effects 
of high concentrations of ROS by a balanced level of en-
dogenous enzymatic and non-enzymatic antioxidants. 
Oxidative stress (or oxidant-derived tissue injury) occurs 
when the production of oxidants or reactive oxygen species 
(ROS) exceeds local antioxidant capacity. When this oc-
curs, the oxidation of  important macromolecules includ-
ing proteins, lipids, carbohydrates, and DNA ensues.1

It has been suggested that oxidative stress (OS) can act 
as a contributing factor in the pathogenesis of many dis-
eases.2 The pathology of diabetes is not well established, 
and it is associated with several mechanisms, one of which 
is OS. OS plays an important role in the pathogenesis of di-
abetes, and leads to a number of complications. Therefore, 
several studies suggest that diabetic patients are chroni-
cally exposed to the influence of oxidative stress.3,4

ROS generation and free radical formation are increased 
in patients with diabetes mellitus.5,6 Free radicals genera- 
ted through glycation may accelerate the  oxidation re-
actions in  the  vascular walls, thereby contributing sig-
nificantly to  the  pathogenesis of  diabetic angiopathy.7–10 
Hyperglycemia-induced overproduction of  superoxide 
is the causal link between high glucose and the pathways 
responsible for hyperglycemic damage. Through the  use 
of complex laboratory equipment, it has been shown that 
the  samples taken from patients with type 2 diabetes 
have increased levels of lipids, DNA, DNA bases and pro-
teins. Compared to  healthy controls, the  values of  these 
indicators are much over the normal values and indicate 
the  presence of  OS in  those patients. However, because 
free radicals are highly unstable and reactive, and difficult 

to measure in vivo, most experiments are performed in vi-
tro or ex vivo. Free radicals have unpaired electrons, which 
can be detected selectively and sensitively by  electron 
spin resonance (ESR) spectroscopy.11 In the current study, 
to the best of our knowledge, we explored for the first time 
the  influence of  the  glycemic control on  some real-time 
biomarkers of  free radical formation in  type 2 diabetic 
patients, using the EPR spectroscopy technique. For this 
purpose, we investigated the levels of ROS, Asc• and •NO 
radicals in the serum of 2 experimental groups, with poor 
glycemic control before starting active insulin therapy and 
with good glycemic control, and in healthy controls.

Material and methods

This study included 53 samples from patients suffering 
from type 2 diabetes mellitus (age-matched male/female 
subjects) divided into 2 groups: with poor glycemic control 
(n = 31) and with good glycemic control (n = 22) and healthy 
volunteers as controls (n = 24) (Table 1). The study was car-
ried out at the Clinic of Endocrinology, Prof. Stoyan Kirkov-
ich University Hospital, Stara Zagora, Bulgaria. The general 
characteristics of age, sex, alcohol, diet and smoking, par-
ticularly related to preferences, were investigated by a self-
administered questionnaire. As a criterion for good or poor 
glycemic control, we used the  guidance of  EASD: fasting 
plasma glucose (FPG) 4.0–6.1 mmol/L and HbA1c ≤ 7%.

In the diabetic group with good glycemic control, 14 pa-
tients were treated with oral hypoglycemic agents (sul-
phonylureas and biguanides), 4 were insulin-treated, and 4 
with a combination of insulin plus biguanides. In the group 
of diabetic patients with poor glycemic control, 9 were treat-
ed with oral hypoglycemic agents (sulphonylureas plus bi-
guanides), 9 were insulin-treated, 13 with the combination 

Table 1. Details of the patients

Variables Control 
n = 24

Patients with good  
glycemic control 

n = 22

Patients with poor glycemic control 
n = 31

Age 48.44 ±8.74 60.91 ±10.88 61.50 ±11.29

Sex (m/f) 13M/11F 10M/12F 20M/11F

HbA1c (%) 5.60 ±0.85
6.30 ±0.71 

p < 0.00 vs control

9.70 ±1.50
p < 0.00 vs control 

p < 0.00 vs good glycemic control

FBG (mmol/L) 5.27 ±0.57 5.43 ±0.89
12.72 ±5.15

p < 0.00 vs control 
p < 0.00 vs good glycemic control

Cholesterol (mmol/L) 4.04 ±0.2
4.88 ±0.2

p < 0.00 vs control
5.35 ±0.2

p < 0.00 vs control

Triglycerides (mmol/L) 1.31 ±0.15
2.13 ±0.2

p < 0.00 vs control
2.65 ±0.2

p < 0.00 vs control

HDL cholesterol (mmol/L) 0.91 ±0.019 1.19 ±0.04
1.32 ±0.05

p < 0.00 vs control

LDL cholesterol (mmol/L) 2.03 ±0.11
2.72 ±0.24

p < 0.00 vs control
2.96 ±0.2

p < 0.00 vs control
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of drugs (insulin plus biguanides). Members of the control 
group were selected from people without family history  
of either diabetes or dyslipidemia, and with normal thyroid, 
hepatic and renal functions. The venous blood of the dia-
betic patients and controls was collected in the morning af-
ter an overnight fast. Informed consent was obtained from 
all participants in the study, according to the ethical guide-
lines of  the Helsinki Declaration (1964). The clinical data 
of the patients examined in this study are presented in Table 1. 

Electron paramagnetic resonance (EPR) 

All EPR measurements were carried out on  a  Bruker 
spectrometer equipped with a standard resonator. The re-
sults are expressed in arbitrary units and performed by us-
ing Simfonia software and Bruker WIN-EPR. All chemi-
cals and spin-traps, i.e., N-tert-butyl-alpha-phenylnitrone 
(PBN) and 2-(4-carboxyphenyl)-4,4,5,5-tetra-methylimid-
azoline-1oxyl-3-oxide (Carboxy-PTIO.K), were purchased 
from Sigma-Aldrich, Germany and were analytical grade.

EPR ex vivo evaluation of ascorbate radicals

The Asc• measurement was according to Bailey with some 
modification.12 Briefly, the serum from the patients and vol-
unteers were mixed with DMSO at  1:3 ratios, and centri-
fuged for 10 min at 4000 rpm. Then, the supernatant was im-
mediately transferred and measured. The EPR settings were 
3505.00 G center field, 20.00 mW microwave power, 1.00 G 
modulation amplitude, 15 G sweep width, 1  ×  105  gain, 
40.96  ms time constant, 60.42 s sweep time, 10  scans per 
sample.

Ex vivo ROS evaluation 

The ROS level measurement was according to Shi et al. 
with some modification.13 The real-time formation of ROS 
in the serum was investigated by mixing the samples with 
PBN spin trapping. The EPR settings were 3503.73 G cen-
ter field, 20.00 mW microwave power, 5  G modulation 
amplitude, 50 G sweep width, 1 × 105 gain, 81.92 ms time 
constant, 125.95 s sweep time, 5 scans per sample.

EPR ex vivo evaluation of •NO radicals

Based on the methods published by Yoshioka et al. and 
Yokoyama et al., we developed and adapted the EPR meth-
od for evaluating the levels of •NO radical in the serum.14,15 
Briefly, a 50 μM Carboxy-PTIO.K solution was dissolved 
in a mixture of 50 mM Tris (рН 7.5) and DMSO at a ratio 9:1. 
To 100 μL of serum, 900 μL of tris buffer dissolved in DMSO 
(9:1) was added and centrifuged for 10 min at 4000 rpm 
at 4°С. To record the spin adduct between Carboxy-PTIO 
and generated •NO, we mixed a 100 μL sample and 100 μL 
50  mM solution Carboxy-PTIO. The  EPR settings were 
3505 G centerfield, 6.42 mW microwave power, 5 G modu-

lation amplitude, 75 G sweep width, 2.5 × 102 gain, 40.96 ms 
time constant, 60.42 s sweep time, 1 scan per sample.

Statistical analysis 

The  results are expressed as  mean  ±SE. Statistical 
analysis was performed with STATISTICA v. 7 software 
(StatSoft, Inc., Tulsa, USA). Statistical analysis was per-
formed using Student’s t-test, independent, by  groups. 
A p-value < 0.05 was considered as significant.

Results

The  results obtained for the  ROS levels measured 
in all groups (Fig. 1), in the serum of patients with poor 
glycemic control before intensive insulin applications 
were statistically significantly higher than in  the  con-
trols (mean 2.15  ±0.07 vs mean 0.68  ±0.06, р  <  0.0001, 
t-test). In patients with good glycemic control, the ROS 
levels were also statistically significantly increased com-
pared to the controls (mean 2.20 ±0.08, р < 0.0001, t-test). 
There was no statistically significant difference between 
the ROS levels in the two diabetic groups (p ≥ 0.05).

Fig. 1. ROS levels expressed in arbitrary units in controls, patients with 
poor and good glycemic control

p < 0.0001; * – statistically significant compared to controls.



V. Gadjeva, et al. Oxidative stress and diabetic patients1240

р ≥ 0.05, t-test). No statistically significant difference was 
observed in Asc• levels between the 2 groups of diabetic 
patients (p ≥ 0.05).

Fig. 3 shows statistically significant increases in the lev-
els of  registered •NO radicals in  the  diabetic patients 
with poor glycemic control compared to  the  controls 
(mean 31.09 ±7.67 vs mean 2.26 ±0.67, р < 0.0001, t-test). 
The  same was observed in  the  well-controlled group 
compared to the controls (mean 29.78 ±4.90, р < 0.0001,  
t-test). There was no statistically significant difference 
between the  levels of  •NO radicals in  patients between 
the 2 groups (p ≥ 0.05).

Correlations between clinical  
and biochemical parameters

The  serum •NO levels significantly correlated with 
average blood glucose levels (•NO vs HbA1, r  =  0.54, 
p = 0.000), lipid levels (•NO vs total cholesterol, r = 0.33, 
p = 0.000; •NO vs HDL, r = 0.37, p = 0.006; •NO vs LDL, 
r = 0.32, p = 0.00), and triglycerides (r = 0.35, p = 0.00).

The serum ROS levels show a positive correlation with 
average blood glucose levels (r = 0.42, p = 0.000). Also, 
ROS levels significantly correlated with triglycerides 
(ROS vs triglycerides, r  =  0.20, p  =  0.5), total choles-
terol and its fractions (ROS vs total cholesterol r = 0.23, 
p = 0.09; ROS vs HDL, r = 0.36, p = 0.005; ROS vs LDL, 
r = 0.20, p = 0.065).

Discussion

Regardless of  the  primary causes of  type 2 diabetes, 
the  common clinical course for patients is  to  respond 
initially to  therapy by normalizing their fasting glucose 
levels, but then to undergo gradual deterioration in gly-
cemic control, despite optimal medical management, us-
ing a variety of drugs. The initial improvement in fasting 
glucose may be misleading since many patients still have 
very elevated glucose levels postprandial. This suggests 
the  idea of  glucose toxicity, as  the  prolonged exposure 
to very high blood glucose levels can cause toxic effects 
on  the β-cells and chronic hyperglycemia, and explains 
the  abnormal lipid level.16 Chronic hyperglycemia may 
damage the  tissue of  diabetes patients by  increasing 
the  glucose flow, intracellular inclusions, and hyperac-
tivity of  the  hexosamine pathway. All these processes 
are activated by  mitochondrial ROS overproduction.17 
The  major consequences of  hyperglycemia in  diabet-
ics are the  microvascular and macrovascular complica-
tions. Microvascular pathogenesis is  established with 
the chemical reaction between the by-products of sugars 
and proteins, while the macrovascular complications are 
multifactorial because diabetes at first impairs the ability 
of  the vascular endothelium to vasodilate through •NO 
initiation, which increases the oxidation of fatty acids and 

Fig. 2 shows decreased levels of the Asc• radical in poor-
ly controlled diabetic patients compared to  the  con-
trols (mean 0.21  ±0.03, vs mean 0.28  ±0.06, р  >  0.05,  
t-test). A similar decrease was observed in the well-con-
trolled group compared to the controls (mean 0.20 ±0.08, 

Fig. 2. Asc• radical levels measured in the serum of healthy controls 
and diabetic patients with poor and good glycemic control, expressed 
in arbitrary units

Fig. 3. Levels of •NO expressed in arbitrary units in controls, the group 
with poor glycemic control and the group with good glycemic control 

p < 0.0001; * – statistically significant, increases compared to the controls.
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inhibits the production of enzymes responsible for clot-
ting, and increases ROS generation, partially resulting 
from pathway specific insulin resistance.18

Hyperglycemia can be controlled clinically through 
insulin administration or through drugs which increase 
insulin secretion, decrease glucose release from the liv-
er, increase the use of glucose in the skeletal muscle and 
fat, delay glucose absorption from foods, and most re-
cently, act through the incretin system. These advances, 
together with improved glucose monitoring and better 
markers of  glycemic control, have led to  much tighter 
control of  hyperglycemia.19 There is  a  large number 
of  studies, which prove that early intensive glycemic 
control reduces the  risk of  diabetic complications.20,21 
Hyperglycemia induces oxidative stress as well as ROS  
activation.

This study explored the influence of glycemic control 
on  some real-time biomarkers of  free radical forma-
tion in  type 2 diabetic patients, using an  EPR method. 
The 1st marker for free radical formation in this study was 
the ROS levels estimated in both patient groups studied, 
i.e., with poor glycemic control and with good glycemic 
control compared to the healthy controls. In the course 
of  lipid peroxidation, a  variety of  unstable ROS are 
formed, and can be measured using the EPR spin trap-
ping technique.22,23 To  establish the  serum oxidative 
status from the  controls and diabetic patients in  both 
groups, we used a spin trap PBN agent.

Our results indicate statistically significantly higher 
ROS product levels (p < 0.0001) in  type 2 diabetic pa-
tients in both groups compared to  the controls, which 
means that in  these patients oxidative processes take 
place at the time of the survey. It should be noted that af-
ter the adjustment of blood glucose levels by intensified 
insulin therapy (4 times/per day administration of insu-
lin Actrapid HM) in hospital, the levels of ROS products 
in the group with well-controlled diabetes were slightly 
higher compared to  the  group with poorly controlled 
diabetes. Moreover, overproduction of the free radicals 
persists after the  normalization of  the  glucose levels, 
and oxidative stress may be involved in the “metabolic 
memory” effect.24 The  “metabolic memory” phenom-
enon was first observed in preclinical studies, and was 
later confirmed in clinical trials – it describes the ben-
eficial effects of immediate treatment of hyperglycemia. 
Along with OS and chronic hyperglycemia, the  mi-
tochondria are an  important player in  propagating 
“metabolic memory”. Potential mechanisms for propa-
gating this “memory” are the non-enzymatic glycation 
of  cellular proteins and lipids and an  excess of  cel-
lular ROS/RNS, in  particular originating at  the  level 
of  glycated-mitochondrial proteins, perhaps acting 
in concert with one another to maintain stress signal-
ing. The formation of advanced glycation end-products 
(AGEs) in the mitochondria plays a crucial role in dia-
betic complications. Thus, OS may be involved in sup-

porting “metabolic memory”, and describes the  rela-
tionship between the  development of  complications 
of  diabetes and prolonged exposure to  glucotoxicity. 
The cycle of events in the vascular cells might suggest 
that OS, associated with delayed therapeutic interven-
tion, is  essential in  “metabolic memory”. Hyperglyce-
mic memory can also appear even when good glycemic 
control is achieved, and this is evidenced by the persis-
tent OS markers after reaching normal levels of blood 
glucose. In endothelial cells, the overproduction of free 
radicals persists after glucose normalization. Apart 
from this, the  epidemiological and prospective data 
support a  long-term influence of  early intensive meta-
bolic control on clinical outcomes and reduce the  risk 
of  diabetic complications.19 Moreover, the  emergence 
of  this “metabolic memory” suggests the  need of  very 
early aggressive treatment aiming to  normalize meta- 
bolic control and the  addition of  agents which reduce 
cellular ROS and glycation in order to minimize long-
term diabetic complications. When high blood glucose 
is  corrected, the  adverse effects are not reversed, and 
some may be permanent because of epigenetic changes. 
In  addition, biomarkers that link the  short-term, real-
time and “metabolic memory” markers resulting from 
long-term hyperglycemia and hiperlipidemia-induced 
OS can be valuable for predicting not only vascular com-
plications in type 2 diabetes, but also the onset of diabe-
tes. This conforms with the positive correlation between 
ROS levels and average blood glucose levels, triglycer-
ides, and total cholesterol with its fractions (HDL, LDL).

A  number of  physiological active molecules can be 
modified by  ROS to  stable organic radicals.25 In  bio-
logical conditions, ROS reacts with ascorbic acid and 
produces the  Asc• radical. The  relatively long lifespan 
of the Asc• radical makes it a natural indicator for assess-
ing the oxidative status in living organisms.26–29 The low 
levels of the Asc• radical measured in the serum in both 
diabetic groups may be the  result of a partial depletion 
of available vitamin C reserves compared to the healthy 
controls. This can be due to  the  accumulation of  free 
radicals, which contributes to  an  increase in  oxidation 
processes in  the  subjects studied. It  is  well-known that 
water soluble ascorbic acid acts as a chain breaking anti-
oxidant and in biological systems scavenges free radicals 
such as ROS by donating electrons, and thus may prevent 
other biological molecules from being oxidized.30,31

It is obvious that ROS and RNS (ONOO–) can damage 
a  cell by  biochemical oxidation of  lipids, proteins, and 
DNA. Nitric oxide (•NO) is a unique biological messen-
ger molecule which plays diverse physiologic roles. •NO 
mediates blood vessel relaxation, the  immune activity 
of  macrophages and the  neurotransmission of  central 
and peripheral neurons.32 It is believed that free radicals 
are directly implicated in  the  pathogenesis of  diabetes 
and that levels of •NO radicals in type 2 diabetes patients 
are increased.33–35
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A  number of  studies have demonstrated lower levels 
of  nitrite/nitrate plasma in  diabetic patients compared 
to the healthy controls.36,37 Diabetic patients often experi-
ence elevated glucose levels. A part of this glucose becomes 
incorporated into hemoglobin and is measured as glycosyl-
ated hemoglobin (HbA1c). Glycosylated hemoglobin binds 
•NO very tightly in the form of nitrosothiols and any •NO 
that is  formed cannot be easily released from red blood 
cells.36,37 Limited release of •NO is one of the reasons for vio-
lating essential cellular functions. Since in our study (Fig. 3) 
Carboxy-PTIO has been used as a spin trapping agent for 
the  •NO radical, we consider that the value of  •NO mea-
sured in the serum of diabetic patients is not only that mea-
sured as nitrite/nitrate, but also •NO linked with glycated 
hemoglobin. These results were supported by positive cor-
relations with clinical parameters (HbA1c, blood glucose, 
triglycerides, total cholesterol, HDL- and LDL-cholesterol). 
On the other hand, the increased levels of •NO and ROS re-
ported in this study probably lead to the generation of toxic 
ONOO–, which may play a significant role in the pathogen-
esis of diabetes and its complications.

We can speculate that hyperglycemia leads to  in-
creased production of  free radicals, increased oxidative 
stress, and disturbances in antioxidant protection, which 
might be a  factor for the  initiation and development 
of complications in diabetes mellitus.38 Moreover, higher 
levels of real-time biomarkers show that intensive insulin 
treatment does not lead to the expected decrease in oxi-
dative processes involving ROS and •NO, probably due 
to “metabolic memory”. Given the key role of the cascade 
of oxidative stress and “metabolic memory”, very early ag-
gressive treatment aiming to normalize glycemic control 
is  needed to  reduce cellular reactive species and glyca-
tion, and to minimize long-term diabetic complications.
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Abstract
Background. The effectiveness of orthodontic treatment with removable appliances arouses controversy 
concerning the level of patients’ compliance. The compliance depends on factors controlled by the ortho-
dontists, by the patients themselves and by their caregivers, and those beyond any control.

Objectives. The purpose of this study was to assess the extent to which the personality traits of patients 
and their caregivers affect the cooperation in removable appliance therapy.

Material and methods. A total of 38 patients (19 boys, 19 girls) aged 9–12 years, presenting malocclu-
sions suitable for removable appliance therapy were randomly selected. The EAS-C Temperament Ques-
tionnaire, Generalized Self-Efficacy Scale, NEO-Five Factor Inventory and Parental Attitude Scale developed 
by Plopa were employed to evaluate the patients’ and the caregivers’ temperamental dispositions. Elec-
tronic sensors were employed to objectively assess patients’ cooperation.

Results. Statistical analysis revealed a high positive correlation between removable appliance wear time 
and the results of the GSES and the SPR-R, a strongly positive correlation between wear time and the NEO-
FFI-C results and a strongly negative correlation between wear time and the EAS-C-Emo measurement. 
The level of a generalized sense of efficacy, conscientiousness and the severity of requirements imposed 
on the child were the factors related to the caregivers, positively correlating with patients’ cooperation.

Conclusions. The cooperation of children treated with removable appliances may be foreseen with obser-
vation of the patients’ and their caregivers’ traits. Objective evaluation of the patients’ cooperation and psy-
chological tests may be valuable tools for the re-assessment of the paradigm of early orthodontic treatment.

Key words: patient compliance, orthodontics, removable appliances
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Introduction

According to  various epidemiological studies, maloc-
clusions affect approx. 20–93% of the population.1,2 Anal-
yses based on the NHANES III survey, one of the most 
often cited studies, show that about 2/3 of the population 
is battling against some form of abnormal occlusion. Giv-
en these numbers, it seems reasonable to say that maloc-
clusions are very common disorders.3 It  is therefore not 
surprising that in many countries orthodontic treatment 
costs are covered by the insurance fund, however an ob-
jective reimbursement requires establishing and develop-
ing consistent, uniform procedures for the most effective 
treatment of malocclusions. 

In early and interceptive treatment, removable dental 
appliances such as plates and, most often, functional ap-
pliances, are frequently used. Many clinicians apply them 
during the  retention period following the  active phase  
of  orthodontic treatment with fixed appliances. Ortho- 
dontic treatment with removable appliances arouses 
controversy because of 2 aspects: (1) the need to achieve 
an adequate level of patient compliance; and (2) contra-
dictory results of the analyses on the effectiveness of such 
treatment.4–8 

Patient compliance may depend on  many factors. 
Some of them are controlled by the orthodontists, some 
by  the  patients themselves and their caregivers, and 
some of  them are beyond any control. Regularity and 
daily appliance-wearing time may therefore depend 
on  the child’s character traits, the parents’ specific dis-
positions and the  nature of  their conduct.8 According 
to several authors, wearing a removable appliance is pro-
health behavior, which over time may become a  habit; 
however, at the beginning of treatment it requires a high 
level of monitoring and commitment on the part of care-
givers supervising the child’s behavior.8 

As for fully-objective monitoring of a daily appliance- 
wearing, it  was, for many years, technically impossible. 
It affected not only clinical procedures, but also reliabil-
ity; patient compliance could have a  substantial impact 
on  the  results of  various studies on  the  effectiveness  
of  removable appliances, thus likely influencing treat-
ment strategies.4 It was not until recently that this prob-
lem was solved as the emergence of electronic systems for 
checking patients’ compliance has finally helped assess 
the real daily appliance-wearing time. 

Subsequently, one of the key questions arises: Is it possi-
ble to predict the degree of patients’ compliance in ortho- 
dontic treatment before it begins? Therefore, the purpose 
of our work was to assess the extent to which the person-
ality traits of patients and their caregivers correlate with 
the  actual degree of  cooperation in  orthodontic treat-
ment with removable appliances. Based on the literature, 
it  was assumed that the  formal features of  the  child’s 
temperament may be decisive when it comes to adopting 
a  new pro-health attitude.8–12 It  was also assumed that 

the effectiveness of motivating a child to systematically 
wear a removable appliance may depend on the caregiv-
ers’ dispositions such as a strong sense of self-efficiency, 
personality dispositions and parental attitudes. 

Material and methods

Material

A  group of  202 randomly selected patients were ex-
amined. Finally, 38 patients (19 boys and 19 girls) meet-
ing the  following inclusion criteria (Fig. 1) participated 
in the study:

• age 9–12 years;
• generally healthy, no syndromes or clefts;
• malocclusion likely to improve by means of active plate 

or twin block: light to moderate crowding in the upper 
front area, class II functional shift, pseudo class III, bi-
lateral cross-bite due to narrow upper dental arch.

Figure 1. Consort flow diagram of the study 
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Table 1. Description of tests used

Test Description Range

GSES

level of a generalized sense 
of efficacy in the parent involved 
in implementing the set 
of recommendations

the range that 
may be obtained 
is 10–40 points, 
the higher the score, 
the stronger  
the disposal

Neo-FFI N
basic parent personality trait: 
neuroticism

for each 
of the subscales, 
the result can be 
a value of 0–48, 
the higher it is, 
the greater 
the severity 
of the measured trait

Neo-FFI E
basic parent personality trait: 
extraversion

Neo-FFI O
basic parent personality trait: 
openness to experience

Neo-FFI A
basic parent personality trait: 
agreeableness

Neo-FFI C
basic parent personality trait: 
conscientiousness

EAS-C-Emo

patients’ temperamental 
dispositions understood 
as inherited personality 
traits: children’s tendency 
to experience emotions intensely

for each 
of the subscales, 
the result may be 
a value of 5–25, 
the higher it is, 
the higher 
the severity 
of the measured trait

EAS-C-Act

patients’ temperamental 
dispositions understood 
as inherited personality traits: 
activity

EAS-C-Soc

patients’ temperamental 
dispositions understood 
as inherited personality traits: 
sociability

EAS-C-Shy

patients’ temperamental 
dispositions understood 
as inherited personality traits: 
shyness

SPR A

measurement of the level 
of the following parental 
attitudes towards the child: 
acceptance-rejection

for each 
of the subscales, 
the result may be 
a value of 10–50, 
the higher it is, 
the higher 
the severity 
of the measured 
characteristics

SPR R

measurement of the level 
of the following parental 
attitudes towards the child: 
the severity of requirements 
imposed on the child

SPR Aut
measurement of the level 
of the following parental attitudes 
towards the child: autonomy

SPR I

measurement of the level 
of the following parental 
attitudes towards the child: 
inconsistency

SPR P

measurement of the level 
of the following parental 
attitudes towards the child: 
excessive protection

Methods

All patients’ and their caregivers’ personality traits 
were psychologically tested by  the  same psychologist 
(B.L.). The  suitable questionnaires (Table 1) were filled 
prior to the beginning of treatment. 

Based on an analysis of the literature, psychological vari-
ables that may be predictors of the level of cooperation of pa-
tients and their parents during treatment were selected.8–12

To investigate the patients’ temperamental dispositions, 
understood as  inherited personality traits, the  EAS-C 
Temperament Questionnaire, version for children as-
sessed by their parents, was used.13 The A. H. Buss and R. 
Plomin EAS Temperament Survey provided the theoreti-
cal basis for the questionnaire.14,15

The caregivers’ involvement in helping the child adhere 
to  the  recommended treatment regimen was evaluated 
with a questionnaire specially designed for this purpose. 
To investigate the caregivers’ temperamental dispositions 
and their parental attitudes, the  following standardized 
measurement instruments were used:

• GSES (Generalized Self-Efficacy Scale) – a  tool com-
monly used in  the  study of  the  relationship between 
a  sense of  self-efficacy and taking various health be-
haviors. It  shows a well-validated correlation between 
the  level of  pro-health behavior of  an  individual and 
forming health-related habits;

• NEO-FFI Personality Inventory (NEO-Five Factor Inven-
tory) – which allows for reliable measurement of the 5 main 
features described in the model of personality by Costa and 
McCrae. It has frequently been applied to examine the re-
lationship between personality traits and adopting healthy 
behavior and the level of cooperation of the patient with 
the doctor.16 It displays conscientiousness: a tendency to be 
organized and dependable, showing self-discipline, acting 
dutifully and being aimed for achievement;

Table 2. Average daily wear time

Patient no. Average daily 
wearing time Patient no. Average daily 

wearing time

1 7.45 20 4.40

2 7.40 21 6.25

3 4.95 22 9.00

4 6.80 23 7.00

5 4.30 24 7.50

6 10.00 25 5.75

7 8.40 26 9.20

8 7.44 27 6.26

9 4.37 28 9.40

10 8.05 29 7.12

11 5.18 30 7.80

12 7.75 31 5.40

13 6.65 32 8.07

14 7.95 33 8.31

15 15.00 34 8.05

16 11.15 35 9.45

17 9.20 36 10.73

18 9.70 37 8.17

19 1.38 38 13.72
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months. The patients were instructed to wear the appli-
ances at night (for at least 10 h) and during the day (for 
at least 2–4 h), so that the minimal wear time in total was 
at least 12 h.

The correlation between personality traits and the pa-
tients’ cooperation was statistically tested. Statisti-
cal calculations were made using STATISTICA v. 12.0 
software (StatSoft, Inc., Tulsa, USA). In addition, in or-
der to  verify the  assumption about bivariate normal 
distribution, the  R Package mvnormtest and the  MVN 
were used.18–22 Due to the assumption of 2-dimensional 
normal distribution in  the  test of  significance of  Pear-
son correlation coefficient, for each considered pair  
of  variables, normality tests were performed. For each 
variable, the  Shapiro-Wilk test was made separately. 
In  the next step, the  linear correlation was checked us-
ing the Pearson’s r coefficient. Statistical significance was 
established at p < 0.05.

All parents and caregivers signed an informed consent 
for participation in the study, which obtained the approv-
al of the Ethical Review Committee no. KB-322/2014.

Results

The  results consisted of  primary and secondary out-
comes. The  primary outcome revealed that the  average 

• Parental Attitude Scale developed by Plopa – which al-
lows for reliable measurement of the relevant charac-
teristics of parental attitudes, expressed in parental be-
havior. It has previously been repeatedly used to study 
the relationship between the attitude toward the child 
and parent variables such as  the  level of  motivation 
of  the  child’s social skills, and health.17 It  displays 
the severity of  requirements imposed on the child – 
the level of excessive requirements imposed on a child 
increases the  degree of  subordination of  the  child 
(the patient) to medical recommendations.

In order to assess patient cooperation objectively, elec-
tronic sensors (TheraMon®) were mounted in all remov-
able appliances. TheraMon is  a  new microelectronic 
temperature sensor system. It  enables an  objective and 
reliable measurement of wear time of a removable appli-
ance. The  microsensor is  only visually perceptible and 
had no effect on  the  patient’s perceived comfort when 
wearing the orthodontic device. The TheraMon system 
is also resistant to attempts of manipulation by  the pa-
tient, and allows the  identification of  such behavior.  
As proved, the data received is fully reliable, and it is pos-
sible to assess the length of time during which the appli-
ance is in the patient’s mouth to an accuracy of 15 min.4 
At check-up appointments, the data stored in the micro-
sensor can be read, using a  TheraMon read-out device 
connected with a PC via a USB interface. Measurements 
were carried out and read every 6 weeks for 9 consecutive 

Table 3. Statistical power determined for the test of significance  
of Pearson’s r coefficient

Daily removable 
appliance wear 

time and:
Power Nsig (significance 

power = 0.9)

* – test 
confirmed 
with power 

analysis

GSES 0.923 36 *

Neo-FFI N 0.820 49

Neo-FFI E 0.117 653

Neo-FFI O 0.082 1 331

Neo-FFI A 0.063 3 260

Neo-FFI C 1.000 15 *

EAS-C-Emo 0.951 32 *

EAS-C-Act 0.733 60

EAS-C-Soc 0.283 198

EAS-C-Shy 0.058 5 209

SPR A 0.752 57

SPR R 0.982 25 *

SPR Aut 0.784 54

SPR I 0.761 57

SPR P 0.109 740

Nsig – sample size needed to achieve statistical significance with 
the significance level p = 0.05 and statistical power equal to 0.9; 
* statistically significant results (p < 0.05); bold – variables, in which case 
normal distribution was rejected.

Table 4. Normality test results (statistically significant result achieved 
in the case of one or the other test means that the hypothesis 
of 2-dimensional normal distribution was rejected)

Variable

Shapiro-Wilk

1-dimensional multidimensional

SW p-value SW p-value

Daily removable 
appliance wear 
time

0.959 0.1777

GSES 0.941 0.0442* 0.945 0.0621

Neo-FFI N 0.906 0.0037* 0.960 0.1935

Neo-FFI E 0.895 0.0019* 0.961 0.2049

Neo-FFI O 0.979 0.6946 0.960 0.1840

Neo-FFI A 0.963 0.2401 0.972 0.4347

Neo-FFI C 0.946 0.0650 0.930 0.0207*

EAS-C-Emo 0.952 0.1075 0.837 0.0001*

EAS-C-Act 0.937 0.0339* 0.966 0.2925

EAS-C-Soc 0.956 0.1434 0.961 0.2103

EAS-C-Shy 0.917 0.0082* 0.948 0.0742

SPR A 0.917 0.0081* 0.959 0.1746

SPR R 0.959 0.1731 0.939 0.0383*

SPR Aut 0.897 0.0022* 0.905 0.0035*

SPR I 0.928 0.0168* 0.934 0.0263*

SPR P 0.973 0.4804 0.963 0.2407

* statistically significant results (p < 0.05); bold – data in which at least  
1 test gave a statistically significant result.
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patient cooperation). Functional appliances are used for 
growth modification in orthodontic treatment, however 
after appropriate modifications they widen and correct 
the maxillary transversal dimension. The most frequent-
ly applied type of such an appliance is the twin block, also 
used as  the  only functional device in  this study, in  or-
der to minimize the  impact of appliance-related factors 
on the degree of patient compliance.4–7,23,24 

Our study included patients aged 9–12 years. This age 
range may raise doubts as far as the ideal timing of orth-
odontic correction because at  least part of  the  treated 
patients were before the  pubertal spurt. According 
to  a  study by  Bacetti et al., orthodontic treatment with 
twin block during the pubertal spurt is statistically more 
effective in  overjet correction than early, pre-pubertal 
treatment.24 It  seems therefore that pre-pubertal treat-
ment is actually not ineffective, but it simply affects only 
a  part of  the  stomatognathic system to  a  lesser extent. 
It  should nevertheless be said that we did not intend 
to  analyze the  effectiveness of  orthodontic treatment 
dependent on  its timing, but only the  factors affecting 
the level of patient compliance. It must be kept in mind 
that some of our patients were treated with Schwarz ap-
pliances, and interceptive treatment and early expansion 
of the jaw should, by definition, be carried out at the age 
of 9–11 years, before the pubertal growth spurt.7,23

Hönn et al. and Evans have pointed out that the  level 
of patient compliance during treatment with removable 
appliances may be the “hidden” factor, without which any 
discussion about the  effectiveness of  early orthodontic 
treatment, especially by growth modification, makes no 
sense.5,6 At  the  same time, in  many studies this aspect 
is either completely neglected when discussing therapeu-
tic results, or dismissed with the laconic statement “good 
or bad”.23,24 Therefore, based on the studies undertaken 
in recent years, it might be only very cautiously conclud-
ed that adult patients are more truthful than children 
and adolescents when reporting the appliance wear time 
to  their doctors. According to some authors, adherence 
to  the  doctor’s orders in  younger patients may largely 
depend on  parental control and the  parental approach 
to  orthodontic treatment.4,8,25–27 Such a  statement has 
been fully supported by the results achieved in this study. 
The degree of patient cooperation demonstrated a strong 

daily wearing time (6.09 h/day) was generally shorter 
compared to  the  instructions given to  the  patients. 
The shortest average daily wearing time was 1.38 h/day 
and the longest was 15.00 h/day (Table 2). As for the sec-
ondary outcome – assessing the  correlations between 
specific psychological test results of  patients and their 
caregivers and average daily wearing time of the remov-
able appliances – the  power analysis of  the  statistical 
tests resulted in a rejection of some measurements (Table 
3), but it should be noted that all of the tests, for which 
the coefficients of correlation were high or very high, met 
the assumptions of the test power analysis (Tables 4–6). 

Discussion

Statistical analysis showed a strong positive correlation 
between removable appliance wear time and the measure-
ment results of the GSES and the SPR-R (0.5 < r < 0.7), and 
NEO-FFI-C (0.7 < r < 0.9). The correlation between re-
movable appliance wear time and the EAS-C-Emo mea-
surement results was strongly negative (–0.5  >  r  >  0.7) 
(Tables 3–6). Such results fully confirmed the  assump-
tions that some personality traits of  patients and their 
parents may significantly influence the compliance dur-
ing orthodontic treatment. Namely, the  emotionality 
of the child (negatively correlating with the degree of co-
operation) as  well as  the  severity of  the  requirements 
imposed on the child, a sense of self-efficacy and consci-
entiousness of the parents (all correlating positively with 

Table 5. Correlations of psychological variables with daily  
appliance-wearing time 

Daily removable 
appliance wear 

time and:

Pearson’s 

correlation 
coefficient r

statistics  
value t p-value

GSES 0.511 3.568 0.0010*

Neo-FFI N -0.446 -2.989 0.0050*

Neo-FFI E 0.126 0.765 0.4494

Neo-FFI O -0.089 -0.535 0.5962

Neo-FFI A -0.057 -0.341 0.7351

Neo-FFI C 0.721 6.242 0.0000*

EAS-C-Emo -0.540 -3.845 0.0005*

EAS-C-Act -0.406 -2.664 0.0115*

EAS-C-Soc -0.228 -1.405 0.1685

EAS-C-Shy -0.045 -0.270 0.7890

SPR A 0.414 2.728 0.0098*

SPR R 0.591 4.400 0.0001*

SPR Aut -0.428 -2.842 0.0073*

SPR I -0.418 -2.759 0.0091*

SPR P -0.119 -0.718 0.4771

* statistically significant results (p < 0.05); bold – variables, in which case 
normal distribution was rejected; bold and underlined – the results 
in which statistical power was confirmed.

Table 6. Variables affecting the expected daily removable appliance  
wear time

Daily removable 
appliance wear 

time and:

Pearson’s 

correlation 
coefficient r

statistics 
value t p-value

GSES 0.511 3.568 0.0010*

Neo-FFI C 0.721 6.242 0.0000*

EAS-C-Emo -0.540 -3.845 0.0005*

SPR R 0.591 4.400 0.0001*

* statistically significant results (p < 0.05).
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or  very strong correlation with the  3 characteristics  
of  their caregivers (GSES, SPR-R and NEO-FFI-C) and 
with only 1 feature of children (EAS-C-Emo). 

Many published studies suggest the role of selected per-
sonality characteristics of  patients, including children’s 
and young individuals’ level of cooperation with the clini-
cian. This also applies to orthodontic therapy.12,28 In fact, 
based on numerous studies and empirical data indicating 
the role of the personality traits of the parents and their 
parenting style in their children’s health behaviors, it is as-
sumed that these traits and attitudes toward education 
may also be important for monitoring the effectiveness  
of  orthodontic therapy.29,30 Moreover, self-efficacy, 
a  term derived from social learning theory, understood 
as  the  belief that one is  able to  accomplish the  estab-
lished goals, is  a  variable whose critical role in  form-
ing health behavior and cooperation in  the  treatment 
of  diseases has been amply demonstrated empirically.15 
Earlier studies on  the determinants of  the effectiveness 
of the therapy and prevention of dental diseases in chil-
dren indicate the  importance of  the self-efficacy beliefs 
of the parents and their level of self-esteem in monitoring 
their children’s health behaviors.12,31,32 This study showed 
that a  sense of  self-efficacy is  also of  great importance 
in the effectiveness of orthodontic treatment of children 
and adolescents.

In order to determine some of the caregivers’ person-
ality traits relevant to healthy behavior, we have chosen 
standardized, psychological tools, with proven accuracy 
and reliability, used many times previously in  scien-
tific research, including the  study of  various problems 
in  the  field of  pro-health psychology.17,31,33–36 However, 
in the case of the patients themselves, one problem might 
have been their young age, which didn’t allow them to fill 
in  the  study questionnaire themselves. Because of  that, 
using the EAS-C Temperament Questionnaire, which al-
lows for data about the characteristics of their personality 
from their parents, is fully justified. Oniszczenko showed 
that this tool is also appropriate for the age group stud-
ied due to the fact that it measures personality traits that 
have a strong hereditary component and already manifest 
themselves in behavior in the early stages of child deve- 
lopment.13

The  results of  our study seem to  be promising due 
to the following issues. Firstly, they may affect the plan-
ning and conducting of  scientific research on  the  treat-
ment of  malocclusions using removable appliances.  
We showed that generally patients wear appliances much 
less than recommended. We also proved that the  de-
gree of  compliance can be quite accurately predicted 
based on  a  study of  the  personality traits and attitudes 
of the children and parents with the use of self-descriptive 
psychological questionnaires. It  may be considered that 
such results undermine the purposefulness of the current 
discussions about the effectiveness of orthodontic treat-
ment, or  at  least underestimate the  significance of  stu- 

dies thereon. Should this be the case, the following may 
always be added: “with uncontrolled level of compliance”. 
At the same time, however, they bring hope that in the fu-
ture such studies will be planned much more precisely. 
In other words, a personality inventory for children and 
their parents, and a system of monitoring the daily remov-
able appliance wear time objectively will become a  sine 
qua non condition in efficient orthodontic treatment. 

Developing a  simple system for predicting the degree 
of patient compliance before the beginning of treatment 
with a removable appliance is important from the clini-
cal point of  view. The  use of  research instruments de-
veloped in  cooperation with a  psychologist to  measure 
the  patients’ and caregivers’ dispositions may be useful 
when it  comes to  deciding whether to  attempt orth-
odontic or early malocclusion treatment or to postpone 
the therapy and implement an alternative treatment op-
tion (e.g., camouflage) at  a  later age. Another purpose 
in the area of clinical practice may be to design a support 
program for parents experiencing difficulties in monitor-
ing the treatment of their children because of their tem-
perament traits, which constitute a barrier to adherence 
to  orthodontic recommendations. The  financial aspect 
is also worth emphasizing: the  introduction of new ele-
ments – psychological assessment and objective control 
of compliance – in the planning and conducting of early 
orthodontic treatment may help develop more effective 
and economical methods for treating malocclusions 
in children with public funds or insurance systems. 

Nonetheless, we also feel obliged to list some limitations 
of  this study. Firstly, we based an  objective assessment 
of  patient cooperation on  less than 1 year of  observation. 
However, it  is currently impossible to extend the duration 
of the study, since there are no sensors available on the mar-
ket which measure the conditions of the oral cavity for over 
9 months. Secondly, although our psychological measure-
ments may constitute a reliable tool that allows us to predict 
the  degree of  future cooperation during the  orthodontic 
treatment, such data needs confirmation while evaluating 
a larger group. Such a study is already underway.

Conclusions

The cooperation of children treated with removable ap-
pliances may be predicted with a high level of probability 
with the observation of some patients’ and their caregiv-
ers’ traits. These observations may be numerically as-
sessed and confirmed with standard psychological tests.

The  presented link between the  children’s tempera-
mental traits and the level of adherence constitutes a good 
reason to conduct qualitative research, which would make 
it  possible to  identify intermediary mechanisms (such 
as parents’ convictions, their habitual behaviors and meth-
ods of affecting the children’s behavior), which go between 
the  parents’ dispositions and the  regularity of  wearing  
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a  removable appliance by  their children. This will indi-
rectly enable the isolation of specific problems experienced 
during orthodontic treatment by parents of very active and 
emotional children. The ultimate purpose of such an ex-
tended study is  to  develop an  instrument that would al-
low researchers to define the psychological factors in a po-
tential patient and their caregiver, which predispose them 
to obediently follow orthodontic recommendations. 

It  may ultimately be concluded that, regardless 
of  the  relatively small group of  patients examined, our 
pilot study has proved that psychological tests and new 
electronic systems for the objective assessment of patient 
cooperation may be valuable tools for a  re-assessment 
of the paradigm of early orthodontic treatment. 
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Abstract
Background. Health care programs for children with Down syndrome (DS) help improve the overall out-
come and quality of life of these children. It is therefore very important to focus on the most common and 
serious problems of these patients, such as congenital heart defects and cardiac problems, and to keep 
medical guidelines updated with regard to these problems.

Objectives. The aim of this study was to evaluate aortic intima-media thickness (aIMT), lipid profiles and 
blood pressure in DS patients in comparison with a control group of age- and gender-matched neonates 
without DS.

Material and methods. Serum concentrations of lipids (total cholesterol, LDL-cholesterol, HDL-choles-
terol, and triglyceride), blood pressure and abdominal aIMT were measured in newborns with DS, and com-
pared with the measurements from age- and gender-matched newborns without DS.

Results. No statistically significant differences between the 2 groups of newborns were detected with 
respect to aIMT, lipid levels or blood pressure.

Conclusions. This study represents the first investigation of aIMT – one of the most important indicators 
of atherosclerosis – in DS patients, but neither a significantly increased aIMT, nor any significant changes 
in lipid profiles or blood pressure were detected in this group of patients. Whether aIMT differs according 
to the type of congenital heart defect (such as atrial septal defect, ventricular septal defect, patent ductus 
arteriosus, and atrioventricular septal defect) among DS patients remains to be determined in future studies.

Key words: newborn, Down syndrome, intima-media thickness
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Down syndrome (DS, also known as trisomy 21) is the 
most common chromosomal abnormality, occurring in 
approx. 1 in 800 live births. Overexpression of the genes 
located on chromosome 21 is thought to underlie the 
pathogenesis of the neurologic, immunologic, endocrine 
and biochemical abnormalities that are characteristic of 
the syndrome. Children with DS often have congenital 
heart defects (CHD), gastrointestinal anomalies, immu-
nologic disorders, and thyroid dysfunction.1,2

Approximately 44–58% of newborns with DS have 
CHD; atrioventricular septal defect (AVSD) and ventricu-
lar septal defect (VSD) are the most commonly encoun-
tered forms of CHD.3,4 Early recognition of CHD can lead 
to the optimal management of the defect. The survival of 
cases with DS has risen from 25 years to 49 years in the 
USA in a 14-year period, and congenital heart defects and 
respiratory infections are the most frequently reported 
causes of death in individuals with DS.5 Although mod-
ern medical care has reduced the mortality rate to more 
acceptable values, it is still possible to further reduce both 
morbidity and mortality. Health care programs for chil-
dren with DS help improve the overall outcome and qual-
ity of life of these children. It is therefore very important 
to focus on the most common and serious problems for 
these patients, such as congenital heart defects and car-
diac problems, and to keep medical guidelines updated 
about these complications.6

The  aim of this study was to evaluate aortic intima-
media thickness (aIMT), lipid profiles and blood pressure 
in DS patients in comparison with a control group of age- 
and gender-matched neonates without DS.

Material and methods

Serum concentrations of lipids (total cholesterol – TC, 
LDL-cholesterol – LDL-C, HDL-cholesterol – HDL-C 
and triglyceride – TG), blood pressure, and abdominal 
aIMT were measured in patients with DS, and compared 
with those from a  control group of age- and gender-
matched neonates without DS. All the neonates with DS 
that were included in the study were born at or referred 
to the Department of Pediatrics at the Erciyes University, 
Faculty of Medicine (Kayseri, Turkey) between Septem-
ber 2009 and June 2011. All of them were full-term (≥38 
gestational weeks). The  control group was comprised 
of newborns who were referred to the well-baby clinic 
of the Erciyes University Medical Faculty hospital dur-
ing the same period, and who had no cardiac pathology. 
The study was approved by the local Ethics Committee, 
and all the mothers provided written informed consent 
before enrollment.

Plasma lipid levels were measured in the venous blood 
of 20 infants with DS (13 males and 7 females) and 20 
newborns without DS (also 13 males and 7 females). 
The  blood samples obtained were immediately trans-

ferred into glass tubes, separated by centrifugation at 
3500 rpm for 4 min, then kept at -80°C until analysis. Se-
rum concentrations of TC, HDL-C, LDL-C and TG were 
measured by the photometric method adapted to an au-
toanalyzer (Architect® C16000, Abbott Diagnostics, Lake 
Forest, USA). LDL-C was directly measured since not all 
the blood samples could be achieved during fasting.

Infant anthropometry was obtained by a  trained re-
search midwife. An infant electronic scale was used to 
obtain the subjects’ weight in grams. The  systolic, dia-
stolic and mean blood pressure of the neonates was mea-
sured by the oscillometric technique, using a  standard-
ized protocol. The infants were studied at least 1.5 h after 
the last feeding. An appropriately sized cuff was placed 
on the right upper arm, and the baby was not touched 
for at least 15 min or until the subject attained a sleepy 
or quiet waking state. Three successive measurements 
were made at 2-min intervals, and the mean value of each 
measurement (systolic, diastolic and mean blood pres-
sure) was recorded.

For the ultrasound imaging to evaluate aIMT, the sub-
jects were laid quietly in a dark room. The abdominal aor-
tic artery was scanned using a 1200×Plus high-resolution 
ultrasound mainframe with 2 linear array probes at 7.5 
and 13 MHz (Shimadzu Corp., Kyoto, Japan). Abdominal 
IMT, defined as the distance between the leading edges of 
the media-adventitia interface and the blood-intima inter-
face, was measured at a non-branched straight longitudi-
nal part of the distal abdominal aorta, at least 1 cm long. 
The measurements were made with a manual measuring 
system. The dorsal arterial wall of the most distal abdom-
inal aorta was chosen as the measurement site, since this 
area has been reported as the most lesion-prone.7,8 The ab-
dominal aorta was identified in the lower abdomen with 
a 7.5-MHz linear array transducer, and the aortic intima-
media complex was assessed using a 13-MHz linear array 
transducer. The same experienced vascular sonographers, 
who were unaware of the clinical and laboratory situation 
of the newborns, performed all the ultrasonographic mea-
surements.

All the statistical calculations were performed using 
SPSS software (v. 15.0, SPSS Inc., Chicago, USA). For con-
tinuous variables, the results are presented as the mean 
±SD. Categorical variables are presented as frequency 
counts. The  Shapiro-Wilk test was used to determine 
the normality of the distribution of the data. The χ2 test 
was used to determine whether there was a statistically 
significant difference between the groups with respect 
to gender, delivery route and the presence or absence 
of  consanguinity. The  independent sample t-test was 
used to statistically compare demographic parameters 
(maternal and paternal age, age on admission, gestational 
age and birth weight), laboratory parameters (aIMT and 
lipid profiles) and blood pressure parameters between 
the 2 groups. A p-value < 0.05 was considered to be sta-
tistically significant for all the statistical tests.
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Results

A  comparison of the demographic characteristics  
of the study and control groups is shown in Table 1. There 
were no statistically significant differences between 
the study and control groups with respect to gender, mode  
of delivery, consanguinity, maternal and paternal age, age 
of admission, gestational age or birth weight.

In the study group, there were 3 cases with ASD, 6 cas-
es with VSD, 3 cases with AVSD, and 3 cases with PDA, 
whereas there were no cases of any cardiac pathology in 
the control group. 

A  comparison of the biochemical parameters, aIMT 
and blood pressure measurements is shown in Table 2. 
There were no statistically significant differences be-
tween the 2 groups with respect to aIMT, plasma lipid 
levels or blood pressure measurements.

Discussion

New studies aimed at improving the management of the 
heart diseases most commonly affecting mortality and 
morbidity in patients with DS are needed. To the present 

authors’ knowledge, there have been no studies investigat-
ing aIMT measurements in newborns and children with 
DS, and only 1 study of carotid intima-media thickness 
(IMT) in adult patients with DS.9 In that study, Draheim et 
al. assessed the IMT in the left common carotid arteries of 
52 adults with DS and in age-, gender- and race-matched 
adults without DS (mean age 42 ±5 years). Total body fat, 
blood pressure, fasting lipid profiles, insulin, glucose,  
C-reactive protein, homocysteine, physical activity and die- 
tary intake were also evaluated. The adults with DS had 
lower IMT, lower systolic and diastolic blood pressure, 
and higher C-reactive protein, triglycerides and total body 
fat in comparison to the controls. Male gender and physi-
cal activity were reported as predictors of IMT for adults 
with DS; fasting insulin, fruit and vegetable intake, low-
density lipoprotein cholesterol, age, smoking, and gender 
were predictors of IMT for the controls. The researchers 
concluded that adults with DS may be protected against 
atherosclerosis despite elevated total body fat and elevated 
cardiovascular disease risk factors.9 The potential protec-
tive mechanisms against atherosclerosis in patients with 
DS are not clear and need to be investigated. Draheim et al. 
speculated that patients with DS might have genetic fac-
tors that protect them against atherogenesis. Additional 

studies are needed to demonstrate what genes, if 
any, are responsible for DS and atherogenesis. There 
were some limitations in the study by Draheim et al. 
The  study included a  limited number of cases with 
DS (only 52); however, it represents the largest sample 
of atherosclerotic measurements of patients with DS 
in the available literature. In the present study, aIMT 
measurements, plasma lipid levels and blood pressure 
measurements of the newborns with DS were not sig-
nificantly different from those of the control group.

There are very few studies of post-mortem ex-
aminations of DS patients in relation to atheroscle-
rosis. Post-mortem examination of 5 institutional-
ized patients with DS (aged 40–66 years) showed no 
atheroma throughout their cardiovascular systems. 
The coronary arteries had no atheroma macroscopi-
cally, and microscopically showed only slight, diffuse 
intimal thickening that was normal for the subjects’ 
age. In 2 cases a  few fatty streaks were detected at 
the origin of the main aortic branches.10 Moss et al. 
showed a  normal prevalence of pre-atherosclerotic 
lesions in autopsy examinations of 7 non-institu-
tionalized DS patients (10–25 years); atherosclerotic 
plaques were observed in 1 of these subjects (aged 
14  years) but atheromatous aortic lesions were not 
seen in the 8th subject (aged 50 years).11 In a Finnish 
post-mortem study, Ylä-Herttuala et al. found a low-
er percentage of raised lesions and less calcium in the 
coronary arteries of 15 patients with DS (mean age: 
51 years) compared with 6 intellectually disabled and 
20 normal controls. Thus, even though the coronary 
arteries of DS patients were not completely free of 

Table 1. Comparison of the demographic characteristics of the study  
and control groups

Demographic parameters Study group
(n = 20)

Control group
(n = 20) p-value

Gender (female/male) 7/13 7/13 1.0

Delivery (cesarean section/vaginal) 16/4 13/7 0.48

Consanguinity (positive/negative) 1/19 1/19 1.0

Maternal age (years)* 31.7 ±6.937 28.7 ±5.723 0.144

Paternal age (years)* 35.6 ±7.472 32.25 ±6.206 0.131

Age on admission (days)* 10.15 ±9.343 10.25 ±8.84 0.786

Gestational age (weeks)* 37.7 ±1.26 38.25 ±1.71 0.255

Birth weight (g)* 3075 ±508 3024 ±450 0.741

* – values are given as mean ±SD.

Table 2. Comparison of aIMT measurements, plasma lipid levels and blood 
pressure measurements of the 2 groups

Parameters Study group 
(n = 20)

Control group 
(n = 20) p-value

aIMT (mm) 0.350 ±0.04 0.355 ±0.04 0.681

Triglyceride level (mg/dL) 86.4 ±25.54 91.2 ±58.98 0.740

Total cholesterol level (mg/dL) 99.4 ±18.95 98.25 ±33.97 0.896

HDL level (mg/dL) 31.00 ±8.99 29.11 ±12.70 0.589

LDL level (mg/dL) 48.65 ±18.65 50.96 ±24.78 0.741

Systolic blood pressure (mm Hg) 63.60 ±9.92 62.6 ±9.85 0.751

Diastolic blood pressure (mm Hg) 34.75 ±6.55 34.75 ±12.14 1.000

Mean blood pressure (mm Hg) 43.75 ±6.27 43.15 ±10.24 0.825

Values are given as mean ±SD.
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atherosclerosis, it was milder than in other patients and 
free-living subjects of the same age.12

Several variables may explain the decreased incidence 
of atherosclerosis in DS. Affected individuals are often 
institutionalized, and may be exposed to a diet low in ani-
mal fats; smoking is also less prevalent than in the general 
population. Furthermore, some studies have documented 
significantly lower values of arterial blood pressure than 
in inmates with other intellectual disabilities.10,13 Con-
flicting reports have been published on DS patients’ lipid 
and lipoprotein concentrations, which are the best docu-
mented variables associated with the development of ath-
erosclerosis. Most studies have compared subjects with 
DS with matched individuals admitted to the same in-
stitution for other disabling disorders or with unselected 
normal controls. Simon et al. found high serum choles-
terol levels in young DS patients, whereas subsequent stu- 
dies did not confirm this observation in groups of affect-
ed individuals whose ages ranged from early childhood to 
the early sixties.10,13–17 Triglyceride concentrations have 
been reported to be decreased, increased or unchanged 
in patients with trisomy 21 compared with matched con-
trols.10,13,16,17 Therefore, in spite of the presence of some 
classical biochemical risk factors for atherosclerosis, its 
clinical manifestation is low in DS. The reasons for this 
remain unclear. In  the present study, the plasma trigly- 
ceride and cholesterol levels of the patients with DS were 
not significantly different from those of the control group, 
and this finding was in accordance with most of the stu- 
dies in this field.

The most important limitation of the present study was 
that the limited number of DS patients with a congenital 
heart disease precluded a  comparison of aIMT among 
the subcategories of DS patients with respect to the type 
of congenital heart defect.

In  the present study, aIMT – one of the most impor-
tant indicators of atherosclerosis – was investigated in DS 
patients for the first time, but neither a significantly in-
creased aIMT nor any significant changes in lipid profiles 
or blood pressure were detected in this group of patients. 
Whether aIMT differs according to the type of congeni-
tal heart defect (ASD, VSD, PDA, and AVSD) among DS 
patients remains to be determined in future studies.
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Abstract
Background. The prognosis concerning the treatment of patients with chronic hepatitis C (CHC) is closely 
related to the genotype of the virus as well as to the factors dependent on the patient. It was proved that 
polymorphisms of the gene encoding interleukin 28B (IL28B) are associated with sustained viral response, 
which in the case of profitable variants of IL28B polymorphisms may reach up to 87% of the patients.

Objectives. The aim of the study is to determine the prevalence of alleles and distribution of IL28B poly-
morphisms genotypes in the examined group of patients with CHC in Wielkopolska Province.

Material and methods. A total of 710 people with diagnosed hepatitis C virus were examined in order 
to  determine the  distribution of  polymorphisms of  gene IL28B rs12979860, rs8099917 and rs12980275. 
The polymorphisms were evaluated by sequencing of PCR products.

Results. The  most often noted profitable variant was genotype TT for polymorphism rs8099917 pres-
ent in 43.5% of the patients, next was AA rs12980275 in 22.5%. The rarest was the profitable variant CC 
of the polymorphism rs12979860 present in 17.5% of the patients. An occurrence of at least 2 IL28B poly-
morphisms in the preferred variants (homozygote CC, TT, AA) was found in 239 out of 710 (34%) patients, 
among which 117 patients had favorable genotypes for all 3 examined polymorphisms.

Conclusions. The SNP distribution of gene IL28 with fixed prognostic value in the population of patients 
with chronic hepatitis C is different from the general population, and shows the need to evaluate polymor-
phisms prior to treatment.

Key words: HCV, hepatitis C, treatment
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Introduction

Hepatitis C virus (HCV) is one of the largest epidemio-
logical concerns in the world. It is estimated that nearly 
170 million people are infected with that virus, which 
constitutes 2.2–3% of  the  world’s population, among 
which as  much as  70–80% of  infected people remains 
chronically ill. The problem of effective treatment is as-
sociated i.a. with an occurrence of 7 HCV genotypes, and 
over 100 of its subtypes. In the scale of Poland, this prob-
lem concerns about 1.5% of the population, and the pre-
dominant is  type 1 infection (approx. 75% of  patients), 
similarly as in other European countries (68–82% of pa-
tients).1 Standard antiviral therapy is based on the appli-
cation of  pegylated interferon combined with ribavirin, 
but the  achieved therapeutic response is  still not satis-
factory. Sustained viral response (SVR), defined as an ab-
sence of  HCV RNA in  the  blood of  patients 6 months 
after the  48-week treatment completion, is  obtained 
by only 50% of people infected with type 1 who were sub-
jected to the therapy.2 The effectiveness of the treatment 
is affected by a range of factors, depending on the patient 
and related to the viral genetic material. Numerous stud-
ies indicate that particular genotype of the gene encoding 
interleukin 28B (IL-28B) directly affects the  treatment 
response in the infected people. The family of type III in-
terferons, also known as interferons λ, consists of 3 types 
of proteins called: IFN-λ1, IFN-λ2, IFN-λ3, or IL-29, IL-
28A and IL-28B, respectively, encoded by 3 genes located 
on  chromosome 19.3 In  contrast to  type  I,  interferons 
encoded by the genes containing a single exon, the genes 
encoding IL-28A and IL-28B are composed of  6 exons, 

and IL-29 contains 5 of them.4 Interferons λ are subject 
to a direct induction as an effect of viral infections, like 
type I interferons.

The  aim of  this study is  to  determine the  distribu-
tion of  interleukin 28B polymorphisms in  the  group 
of patients from the area of Wielkopolska Province and 
to compare these results to the literature data concerning 
the distribution of these polymorphisms in patients from 
other countries and selected regions of Poland.

Material and methods 

The  study included the  group of  710 patients (330 
women and 380 men) staying under the care of the Clinic 
of Infectious Diseases of the Jozef Strus Municipal Hospi-
tal in Poznań (Poland) due to chronic hepatitis. The pres-
ence of the genetic material of hepatitis C virus was con-
firmed in all the patients, and the genotype of the virus 
was identified in some of the patients.

In  case of  217 patients, the  starting material for ex-
amination were oral mucosa epithelial cells. Invisorb® 
Spin Tissue Mini Kit (Stratec molecular) was applied for 
the isolation of genomic DNA in these samples. The pro-
cedure of isolation was performed according to the manu-
facturer’s instructions. The starting material for the other 
493 samples was peripheral blood collected on EDTA and 
centrifuged at density gradient Histopaque®-1077 (Sigma-
Aldrich, St. Louis, USA) in order to obtain a mononucle-
ar cells fraction PBMCs (peripheral blood mononuclear 
cells). Genomic DNA was isolated from 1 × 106 PBMCs 
suspended in phosphate buffered saline (PBS) (to 200 µL) 

using QIAamp® DNA Mini and Blood Mini Kit 
(Qiagen, Hilden, Germany). The procedure of iso-
lation was performed according to the manufac-
turer’s instructions.

The samples were then amplified using the PCR 
reaction, obtaining the  products with the  sizes 
presented in Table 1.

PCR reaction was performed in a total sample 
volume of 25 µL. The sample contained reaction 
buffer with 15 mM MgCl2, dNTPs at  an  initial 
concentration of  10mM, JumpStart Taq™ DNA 
Polymerase (Sigma-Aldrich, St. Louis, USA) 
at  a  concentration of  2.5 IU/µL, F  and R prim-
ers at concentrations of 20 µM, matrix DNA, and 
water. In  addition, 25 mM MgCl2 solution was 
used in  the  reaction mixture for rs8099917 and 
rs12980275 polymorphisms.

The conditions of PCR reaction are presented 
in Table 2.

The  resulting products were purified using 
NucleoSpin® Gel and PCR Clean-up (Macherey-
Nagel, Duren, Germany) set in  accordance with 
the  manufacturer’s instructions, and then se-
quenced using the method of Sanger.

Table 1. Sequences of starters and size of PCR reaction products for selected 
polymorphisms of interleukin 28 B gene

Gene Polymorphism Starter Starter sequence (5’- … -3’) Product 
size

IL28B rs12979860
F GCGCTTATCGCATACGGCTA

189 bp
R GGGGCGAGGGGCTTTGCT

IL28B rs8099917
F AGTCTTGTATTTCACCTCCTGGAG

307 bp
R GCACTAGCTCTTGTCATTTGCCT

IL28B rs12980275
F GAAGGAAGTTCTGACACATGCT

280 bp
R TGGTCCTAGTGGTGTTTGCT

Table 2. Conditions of PCR reaction applied for the amplification of the samples for 
selected polymorphisms of interleukin 28 B gene

Stage Temperature Time

Activation JumpStart™ Taq 
DNA Polymerase

94°C 3 min

Denaturation 

45 x

94°C 15 s

Starters 
attachment 

60°C1 / 57°C2 / 60°C3 30 s

Synthesis 72°C 30 s 

1 – rs12979860; 2 – rs8099917; 3 – rs12980275.
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The prevalence of genotypes in the examined group was 
compared with the  expected prevalence resulting from 
the  Hardy-Weinberg equilibrium, using a  statistical cal-
culator provided by Tufts University (USA). The analysis 
of  linkage disequilibrium (LD) was performed using the 
HaploView 4.2 software (Broad Institute, Harvard, USA).

Results

The  analysis of  rs12979860 polymorphism showed 
a  profitable genotype CC in  124 patients (17.5%), geno-
type CT in 443 patients (62.4% of the examined group), 
and genotype TT in  143 patients (20.1%). In  the  case 
of  rs8099917 polymorphism, the  presence of  profitable 
genotype TT was found in 309 patients (43.5%), genotype 
GT in 346 patients (48.9% of  the examined group), and 
genotype GG in 54 patients (7.6%). The third of the exam-
ined polymorphisms (rs12980275) in a preferred variant 
AA was noted in 158 patients (22.3%), AG in 426 patients 
representing 60% of  the examined group, and genotype 
GG was found in 126 patients (17.7%). Graphical compar-
ison of the results is presented in Fig. 1.

The prevalence of alleles and the distribution of exam-
ined polymorphisms genotypes are presented in Table 3. 
The relationship of the occurrence of the profitable poly-
morphisms is shown in Fig. 2.

The  presence of  at  least 2 polymorphisms IL28B 
in profitable variants (CC, TT, AA) was found in 239 pa-
tients (33.7%), and the occurrence of profitable homozy-

gotes for all 3 examined polymorphisms was noted in 117 
patients among them (49 women and 68 men), while  
beneficial homozygotes for the  first 2 of  the  examined 
polymorphisms was observed in 122 patients (52 women 
and 70 men). These results are presented in Fig. 2.

It was found that the distribution of genotypes for all  
3 examined polymorphisms did not comply with the dis-
tribution expected according to the Hardy-Weinberg law 
(p < 0.05).

The  linkage disequilibrium was moderate between 
rs12979860 and rs8099917 (r2 = 0.43) as well as between 
rs8099917 and rs12980275 (r2 = 0.48). The rs12979860 SNP 
was in strong LD with rs12980275 (r2 = 0.78). The D’ val-
ues for the  rs12979860, rs8099917 and rs12980275 was 
>0.95. D’ values for rs12979860 and rs8099917, rs8099917 
and rs12980275, rs12979860 and rs12980275 were: 0.98; 
0.96 and 0.95, respectively.

The most common haplotypes of  the examined poly-
morphisms were CTA, TGG, and TTG (47.3%, 31.5% and 
15.1%, respectively). Other haplotypes (TTA and CTG) 
occurred at a frequency less than 5% (4.4% and 1.1%, re-
spectively).

Discussion

Distribution of  gene IL28 polymorphisms obtained 
in the examined group is different from the general pop-
ulation. It  is  estimated that among Caucasian patients 
the incidence of CC variant of rs12979860 polymorphism 
is about 40%. Global research indicates that the highest 
prevalence of  genotype CC is  observed in  Asians (over 
90%); it  is  lower in  Europeans, Americans and Latinos, 
and the lowest in Africans.5

Table 3. Prevalence of alleles and distribution of gene IL28B 
polymorphisms (rs12979860, rs8099917 and rs12980275)  
in the examined group of CHC patients 

Polymorphism Change Allele/genotypes n (%)

rs12979860 C/T

C 691 (48.7)

T 729 (51.3)

CC 124 (17.5)

CT 443 (62.4)

TT 143 (20.1)

CC / CT + TT 124 (17.5) / 586 (82.5)

rs8099917 T/G

T 965 (68.0)

G 455 (32.0)

TT 309 (43.5)

TG 347 (48.9)

GG 54 (7.6)

TT / TG + GG 309 (43.5) / 401 (56.5)

rs12980275 A/G

A 742 (52.3)

G 678 (47.7)

AA 158 (22.3)

AG 426 (60.0)

GG 126 (17.7)

AA / AA + AG 158 (22.3) / 552 (77.7)

Fig. 1. Graphical comparison of the allele distribution



J. Wysocka-Leszczyńska, et al. IL28B polymorphisms in hepatitis C patients1260

tis C may be a prerequisite for the use of triple therapy. 
Triple therapy was introduced in Poland in 2013, which 
involved the  addition of  the  3rd antiviral preparation 
to the existing treatment – a protease inhibitor (telaprevir 
or boceprevir). Currently, the availability of this therapy 
in Poland is limited, and the criteria of eligibility include 
i.a. the patients suffering from chronic hepatitis C infect-
ed with genotype 1 HCV. In the case of the patients not 
treated previously, triple therapy costs are reimbursed 
by  the  National Health Fund only to  the  patients who 
suffer from progressive liver fibrosis (grade 2 upwards 
on the Scheuer’s scale) and who have been diagnosed with 
the  genotype TT for polymorphism rs12979860 IL28B. 
The patients who did not respond to previous dual thera- 
py may be considered for the  treatment in  triple thera-
py program only in the case of progressive liver fibrosis 
(grade 2 upwards on the Scheuer’s scale). For this reason, 
the examination of genotype IL-28B becomes extremely 
important in Poland, since it directly affects the decision 
to finance the treatment by the National Health Fund.

The prognosis concerning the effective treatment was 
also determined for the other 2 polymorphisms of gene 
IL28B – rs8099917 and rs12980275, but they have a weak-
er predictive value concerning the response to therapy.8 
Among the  examined patients from the  Wielkopolska 
Province, the  occurrence of  at  least 1 of  the  preferred 
variants was noted in 591 cases. The most frequent ad-
vantageous variant was TT rs8099917 reported in 43.5% 
of the patients; almost all of these patients were the car-
riers of  profitable variant CC rs12979860 (except 2 pa-
tients). The occurrence of at least 2 preferred variants was 
noted in  34% of  the  patients, and 16% of  the  examined 
patients were the carriers of 3 preferred variants. It was 
found that in the case of those patients who did not have 
the preferred variant CC rs12979860, 187 of the patients 

So far, it  was proved that rs12979860 polymorphism 
(C/T) in  homozygous CC variant affects the  higher  
frequency of sustained viral response compared to geno-
type TT, and increases the chance of spontaneous elimi-
nation of HCV infection.6 Thompson determined in his 
study that an  early viral response (EVR) is  obtained 
by  as  much as  87% of  the  patients with genotype CC, 
compared to the 38% and 28% with genotypes CT and TT, 
respectively.7 Further research on the effectiveness of an-
tiviral therapy in the patients with chronic hepatitis C led 
to  the discovery that the profitable course of  treatment 
in the case of polymorphism rs8099917 (T/G) is observed  
in the patients with genotype TT, while for polymorphism 
rs12980275 (A/G ) these observations apply to  the  pa-
tients with genotype AA.8

Profitable variants may determine the  phenomenon 
of  spontaneous HCV elimination, but do not provide 
the  resistance to  infection upon exposure. It  was dem-
onstrated, based on observations of the group of patients 
after the exposure to hepatitis C virus, that the presence 
of variant CC does not protect against an acute infection, 
whereas homozygocity for KIR2DL3:HLA-C1 provides 
such protection.9

In the case of polymorphism rs12979860, the predomi-
nant observed genotype in the examined group was vari-
ant CT (62.5% of the examined group), which also domi-
nates in the groups of patients examined in Bydgoszcz and 
Białystok (56.0% and 60%, respectively).10,11 Concurrent-
ly, the obtained percentage of patients with advantageous 
variant CC occurs at a  similar level of about 20%. This 
ratio is slightly different in the case of patients examined 
in Kraków – the percentage of people with variants CT 
and CC was at a similar level, and amounted to 47% and 
42% of  the examined group, respectively.12 At  the  same 
time, a respectively lower percentage of people with geno- 
type TT (11.0%) was found in  this group compared 
to  the  groups examined in  Poznań, Bydgoszcz and 
Białystok (20.0%, 16.0% and 20.0%, respectively). Analyz-
ing the  results obtained in  Italy, Germany or  Hungary, 
it  can be observed that the  prevalence of  people with 
genotype CT remains at  a  very similar level of  about 
50%, while with genotype TT constitutes more than 10% 
of the examined patients.13–15 This is explained by the hy-
pothesis that the variant TT may have a protective effect 
against acute infection occurrence.8

Comparison of  the  frequency of  particular variants 
in  different research studies reveals significant discre- 
pancies. This depends on the selection of the examined 
group: ethnicity of the patients, accompanying HIV or HBV 
infection, disease severity – patients with newly dia- 
gnosed infection by screening, or patients with chronic 
infection qualified to  the  treatment, patients not re-
sponding to standard treatment.

The  detection of  unprofitable variant being the  fac-
tor worsening the prognostics concerning the successful 
treatment in  the  patient suffering from chronic hepati-

Fig. 2. Graphical comparison of the results
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(26.3%) had the preferred variant TT rs8099917, and 36 
patients (5%) had the preferred variant of both polymor-
phisms (TT and AA rs8099917 and rs12980275).

It may be concluded on that basis that more than 1/3  
of the examined patients are those for whom the applica-
tion of treatment with pegylated interferon in combina-
tion with ribavirin is  associated with good prognostics 
concerning the cure. No additional benefits concerning 
the  concurrent presence of  several preferred variants  
of various SNPs of gene IL28 have been demonstrated so 
far.8 In the case of the preferred variants of other genes 
polymorphisms, e.g., KIR2DL3: HLA-C1 and CC LL28, 
their variants observed concurrently do not give any ad-
ditional profits. Both mechanisms operate independently 
and do not act synergistically.

The analysis of the coexistence of the preferred variants 
of  particular polymorphisms demonstrated that almost 
all the patients with profitable polymorphism rs12979860 
had also a beneficial variant of polymorphism rs8099917. 
Variant TT rs8099917 was the most common preferred 
polymorphism in the examined population; hence, it can 
be considered that its determination will allow us to in-
dicate the largest group of patients with assumed positive 
effects of interferon treatment. From the economic point 
of view, it is reasonable to determine the polymorphism 
rs8099917 only in the patients who did not show a pre-
ferred variant of rs12979860. 

The  distribution of  SNP gene IL28 with fixed prog-
nostic value in  the  population of  patients with chronic 
hepatitis C is different from the general population, and 
shows the need of an evaluation of polymorphisms pri-
or to the treatment. Due to the  lack of additional effect 
of several preferred variants coexistence, the need to de-
termine all 3 polymorphisms in each patient, or specify 
whether such examinations should be carried out only 
in  case of  an  absence of  preferred polymorphism vari-
ant of the highest prognostic value, should be explained. 
Knowledge of  the  prevalence of  the  preferred variants 
of particular polymorphisms in the population of patients 
with chronic hepatitis C will enable selecting the most ef-
ficient procedure allowing the evaluation of prognosis.
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Abstract
Background. Blood pressure in pediatric dialyzed patients is under poor control.

Objectives. The aim of the study was to assess the strategy and efficacy of antihypertensive drugs used 
for the treatment of hypertension in pediatric dialyzed patients in 2013 in comparison with the data col-
lected in 2003/2004. The results have been viewed against present strategies of antihypertensive treatment  
in children. There is still limited data concerning the treatment of hypertension in dialyzed pediatric patients.

Material and methods. The study embraced 10 of 12 pediatric dialysis units in Poland treating 59 pe-
diatric patients (mean age – 132 months). Collected information included present antihypertensive treat-
ment with regard to drug classes and the dose of antihypertensive agent. The  treatment was regarded  
as effective if both systolic and diastolic values of blood pressure were below 1.64 SDS. The results from 
2013 were juxtaposed with previously analyzed data from a similar study on hypertension in dialyzed chil-
dren conducted in 2003/2004.

Results. Forty subjects have been provided with antihypertensive treatment. In monotherapy and poly-
therapy 50% of the subjects were treated with ACEI (enalapril and ramipril), 67.5% with amlodipine, 50% 
with beta-blockers. Only 10% of the subjects were treated with angiotensin II receptor blocker (losartan).  
Thirty percent of the subjects received furosemide, whereas 5% were given doxazosin. Antihypertensive 
drugs regarded as the 2nd and 3rd choice in treating high blood pressure (doxazosin, beta-blockers and 
furosemide) were applied as monotherapy in 46% of the patients. Satisfactory control of treated blood 
pressure was reached in 45% of them.

Conclusions. Antihypertensive treatment in dialyzed children did not change significantly during the last 
decade with regard to the groups of drugs being used. Despite a wider feasibility of antihypertensive sub-
stances, the effectiveness of this therapy was still unsatisfactory.

Key words: children, treatment, arterial hypertension, dialysis
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Introduction

High blood pressure is a constant element of the sce-
nario observed in dialyzed patient with an occurrence 
up to 90%.1 Many trials showed that the mortality rate 
following cardiovascular disease in dialyzed patients 
far exceeds the mortality rate observed in the healthy 
population.2 Recent guidelines for the management  
of arterial hypertension put a lot of effort into implement-
ing a  proper diagnosis and treatment of hypertension  
in adults, yet little has been mentioned about hyperten-
sion in children.3 The  new JNC8 guidelines touch the 
problem of high blood pressure and chronic kidney dis-
ease in recommendation 4 and 8, but only in patients 
aged 18 or over.4 Recommendations on prevention, diag-
nosis and treatment of hypertension in children and ado-
lescents (published in 2009) have not been updated yet.5 

In  2011, Rachel et al. reviewed antihypertensive 
agents used by pediatricians in treating hypertension.  
Their meta-analysis showed that ACE inhibitors (angio-
tensin-converting-enzyme inhibitors) and ARBs (angio-
tensin II receptor blockers) had the strongest evidence to be 
administered in children with kidney disease.6 So far there 
has been limited data regarding the prevalence and treat-
ment of high blood pressure in dialyzed pediatric patients.

Despite the awareness of high incidence of hyperten-
sion among dialyzed pediatric patients, this population 
is  treated ineffectively or elevated blood pressure is un-
dertreated.7 Fluid overload, excessive sodium intake 
and refractory hypertension are regarded as the most 
common causes of hypertension on dialysis. The  study 
of  Tkaczyk et al. pointed to the fact that the incidence 
of hypertension in dialyzed children in Poland exceeded 
55%, whilst the effectiveness of antihypertensive treat-
ment was below 60%.8 Even though there are novel drugs 
for antihypertensive therapy, there is still insufficient 
data concerning minors. Thus, the aim of the study was 
to assess the current incidence of hypertension among 
the Polish pediatric dialysis patients as well as to evaluate 
the effectiveness of current treatment.

Material and methods

In  2013 we obtained data from 10 pediatric dialysis 
centers in Poland, compared to 13 centers in 2003/2004. 
Two units did not respond to the survey. The study data 
was gathered in the same manner as in 2003. The  pa-
tients were surveyed individually by a treating physician. 
The  questionnaire included questions concerning a  de-
tailed medical history of primary kidney disease, renal 
failure, dialysis, hypertension and its treatment, as well as 
basic anthropometrical measures – weight, height, BMI, 
and the adequacy of dialysis. A patient was recognized as 
hypertensive when systolic and/or diastolic values were 
≥95th percentile (SDS ≥ 1.65) concerning gender, age and 

height. Calculation of SDS was made with the help of Ku-
laga’s growth charts, which were also used to adapt data 
from our previous 2003/2004 national survey.9–11 

We analyzed the data of 59 patients under the age 
of  18  years: 40 boys (67.8%,) and 19 girls (32.2%) who 
had been dialyzed for at least 3 months. From the group 
of  analyzed patients we extrapolated 46 hypertensive 
children (77.97%). The  average age was 132 months for 
the hypertensive patients (who were older as compared 
with the average age of normotensive patients and the 
average age of the whole group). The  average duration 
of  dialysis was 16 months. 63.04% of patients were on 
peritoneal dialysis (PD), whereas 36.96 % were on chron-
ic hemodialysis (HD). Among the PD patients over 95% 
were treated with automated PD. Comparing the data 
collected in 2003/2004 and in 2013 respectively, we noted 
no significant differences between age, gender, anthropo-
metric measurements and the type of dialysis technique. 
A significant difference was reported in mean duration 
of dialysis (p = 0.048) that proved to be shorter in 2013 
and in mean incidence of hypertension (p = 0.05) that ap-
peared to be higher in 2013 (Table 1).

Statistical analysis

Data was evaluated by the Kołogomorow-Smirnov 
normality test with Lilliefor’s correction. Results are 
expressed as median and 25th–75th interquartile range. 
Statistical comparisons between groups were made by  
2-sided unpaired t-test or Mann-Whitney test. The χ2 and 
Fisher exact tests were applied to compare the categorical 
variables. The  p-value of less than 0.05 was considered 
significant. A  standard score (Z-Score) was used to ex-
press a  standard deviation from the mean. All analyses 
were completed using STATISTICA v. 12 (StatSoft Inc., 
USA).

Table 1. Main anthropometric and clinical parameters of 2 analyzed 
cohorts of dialyzed children in the years 2003/2004–2013; data presented 
as median value and 25th–75th interquartile range

Clinical 
parameters

2013
n = 59

2003/2004
n = 134

Statistical 
difference

Age (months) 128 (61–171) 142 (76–175) ns

M:F ratio 40:19 (2.1:1) 89:45 (2:1) ns

PD:HD ratio 37:22 (1.7:1) 89:45 (2:1) ns

Duration of 
dialysis (months)

16 (6–27) 19 (8–40) 0.048

Height (cm) 125 (102–149) 135 (107–150) ns

Height SDS -2.2 (-3.4 to -1.0) -2 (-3.5 to -1.3) ns

Weight (kg) 24 (14.6–39.7) 29 (18–39) ns

Weight SDS -1.3 (-1.9 to -0.7) -1 (-2.1–0.8) ns

BMI (kg/m2) 16.4 (14.7–18.6) 16 (15–18) ns

BMI SDS -0.5 (-1.1 to -0.03) -1 (-1.1 to -0.1) ns
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Results

Antihypertensive treatment 

Out of 59 patients, 40 subjects have been given antihy-
pertensive treatment. 

In the analyzed group, we found that 20/40 (50%) sub-
jects were treated with ACE inhibitors, 27/40 (67.5%) sub-
jects – with calcium channel blocker (CCB), 20/40 (50%) 
subjects – with beta-blockers (BB), 12/40 (30%) subjects – 
with diuretics, 4/40 (10%) subjects – with angiotensin II 
receptor blockers (ARB), and 2/40 (5%) subjects – with al-
pha-blockers. A single-agent antihypertensive therapy was 
applied in 13/40 (32.5%) patients, whereas a combination 
therapy, defined as a concomitant use of 2 or more low-
ering blood pressure agents, was applied to 27/40 (67.5%) 
subjects. The consignment of drugs used for treating hy-
pertension was similar to that reported in 2003/2004. 
In the group of ACE inhibitors, it was enalapril that played 
a pivotal role (12/20 (60%) subjects, mean dose 0.274 mg/kg 
per day), followed by ramipril (8/20 (40%) subjects, mean 
dose 2.188 mg/m2 per day). Amlodipine was the only cal-
cium channel blocker that was used by 27  subjects with 
a mean dose of 0.35 mg/kg per day. In the group of beta-
blockers, a key role was played by metoprolol and carvedilol 
(8/12 (66.7%) subjects with a mean dose 1.07 mg/kg and 6/12 
(50%) subjects with mean dose 0.72 mg/kg, respectively). 
A few patients were treated with acebutolol, atenolol and 
bisoprolol. Losartan was the only angiotensin II receptor 
blocker used by 4 patients (with mean dose of 2.12 mg/kg 
per day) and furosemide was the only diuretic used by 
12 subjects (with the mean dose of 2.84 mg/kg per day).

In  monotherapy amlodipine 5/13 (38.46%) and beta-
blockers 3/13 (23.08%) were the most frequently applied 
antihypertensive agents, whereas ACEI and doxazosin 
were equivalently used as the 3rd choice 2/13 (15.38%). 

In  2-drug, 3-drug and ≥4-drug therapy CCB was the 
leading antihypertensive agent (in 73.3%, 83.3% and 100%, 
respectively). In 2-drug therapy ACE inhibitor was used 
as the 2nd add-on, but in ≥4-drug therapy it was used as 
the 4th add-on. The intensification of treatment by adding 
supplementary antihypertensive drugs increased the role 
of beta-blockers and diuretic in targeting blood pressure. 
ARB was used as an add-on drug in 3-drug therapy, and 
it was noted that 1 of 27 subjects was treated with ACE 
inhibitors and ARB simultaneously. 

Drug allocation

Initial application of ACE inhibitors in monotherapy 
was significantly lower (p  =  0.04) in 2013 as compared 
to the first-line treatment set up in 2003/2004. The over-
all use of ACE inhibitors was comparable (p = 0.16) both 
in  2013 and in 2003/2004. In  2013 an increasing role 
of  ACE inhibitors in treating hypertension was marked 
only in polytherapy. 

The  frequency of use of furosemide as monotherapy 
was significantly higher (p  =  0.14) in 2013 than in the 
years 2003/2004. 

Our analysis revealed that beta-blockers were one of the 
major antihypertensive agents used in mono as  well as 
in polytherapy in 2013, whereas in 2003/2004 an increas-
ing priority of beta-blockers was demonstrated, but not 
until 3-drug and 4-drug treatment. There was no signifi-
cant difference in use of other groups of drugs between 
2013 and 2003/2004.

Efficacy of antihypertensive treatment

Our study indicated that in 61% of patients hyperten-
sion was treated inadequately (with BP values over 95th 
percentile (SDS ≥ 1.65), which is similar to the results ob-
tained in 2003/2004 (65%). Within 10 years (Table 2), the 
level of underdiagnosed hypertension remained the same 
(10.2% vs 11.2%).

As compared to the results of Z-score in patients given 
antihypertensive treatment, systolic and diastolic blood 
pressure values were assigned as normotensive only  
in 18/40 (45%) subjects. 22/40 (55%) patients remained 
hypertensive, which suggests that they were treated in-
adequately. What is more, Z-score results showed that 
in the group of patients considered as normotensive, 6/19 
(31.58%) of subjects were found to have elevated isolated 
systolic or diastolic blood pressure, and 3 of them had 
abnormally elevated values both in systolic and diastolic 
pressure. 

In the group of hypertensive ineffectively treated sub-
jects, isolated abnormal systolic blood pressure was dia- 
gnosed in 3/40 patients, whereas isolated abnormal dia-
stolic pressure was noted in 13/40 patients. Six out of 40 
patients were hypertensive both in systolic and diastolic 
blood pressure. 

The  effectiveness of hypertensive treatment in 
monotherapy was achieved in 7/13 (53.84%) subjects, 
and in polytherapy in 11/27 (40.74%) subjects, where-
as in  2003/2004 it totaled 16/24 (66.67%) and 14/46 
(30.43%) subjects, respectively. While comparing the re-
sults from 2013 with the results obtained in 2003/2004, 
no significant difference has been found in the efficacy 

Table 2. Comparison of blood pressure values between cohorts of 
dialyzed pediatric patients in the years 2003/2004-2013

Clinical  
manifestation

2013
n = 59

2003/2004
n = 134

Statistical 
difference

Incidence of 
hypertension

46/59 (78%) 86/134 (64%) 0.05

Uncontrolled 
hypertension 
(percentage of 
hypertensive patients)

28/46 (61%) 56/86 (65%) ns

Underdiagnosed 
hypertension

6/59 (10.2%)
15/134 
(11.2%)

ns
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in this particular group.13–16 As compared to similar stud-
ies, the mean daily dose of enalapril was 0.274 mg/kg, which 
was within the recommended range (0.08–0.6  mg/kg 
per day). As there is no dose referenced to age for ramipril, 
this ACE inhibitor was administered at a  mean dose 
of 2.188 mg per day, which just moderately exceeded the 
minimal recommended dose (2.5–6 mg per day).17

Angiotensin II receptor blocker

The only angiotensin II receptor blocker used in antihy-
pertensive therapy was losartan, though used infrequently 
in 2014 and 2003/2004 (respectively 4/40 and 6/72 pa-
tients). Despite the fact that losartan was used as an add-on 
therapy with a mean dose 2.12 mg/kg per day far beyond 
exceeding the recommended initial dose (0.75–1.44 mg/kg 
per day), a total efficacy of such a combined treatment was 
received only in 10% (1/10 subjects). The inclusion of ARB 
into preexisting therapy resulted in 1 case of simultaneous 
treatment with ACEI and ARB. ONTARGET Trial showed 
that the combination of ACE inhibitors and ARB pre-
scribed for patients with renal dysfunction does not reduce 
poor outcomes, and may lead to more adverse drug-related 
events.18 Losartan has to be dosed twice a day, which may 
alter proper compliance with the patient. Although trials 
with long acting ARB were conducted in very small groups 
of pediatric patients, valsartan seems to have the most suf-
ficient data for its effectiveness in lowering blood pressure 
in young children, yet was not in use.19

Beta-blockers

Beta-blockers are one of the most frequently chosen 
drugs in monotherapy in 2013 (20/40 patients vs 26/72 
patients in 2003/2004). The  choice of drugs remained 
the same for 10 years except for labetalol that was not as-
signed in 2013, undeniably due to its unavailability in Po-
land. Hence, it seems that labetalol was replaced with 
metoprolol. 

Diuretics

The only diuretic that was used in 2013 and 2003 was 
furosemide, but exclusively in 2014 it was used as mono-
therapy in 1/40 hypertensive patient. 

Alpha-blockers

There is very limited data supporting the use of al-
pha-blockers as antihypertensive agents in children. 
What is more, alpha-blockers may lead to several side ef-
fects such as drowsiness. Our analysis showed that alpha-
blockers (here uniquely doxazosin) were used as mono-
therapy in 15.38% of treated patients, unlike in the years 
2003/2004 when the assignment of alpha-blockers was ob-
served only in a 3-drug therapy and 4-drug therapy.

of treatment, both in monotherapy (p  =  0.19) and 
in polytherapy (p = 0.26). This finding leads to a conclu-
sion that the rate of adequate control of blood pressure 
has not changed as yet.

Among 22 patients with ineffectively controlled blood 
pressure only 6 (23.3%) were treated with ≥3-drug ther-
apy. It  is to be noted that 16/22 (73%) patients were not 
treated by means of all available methods of lowering 
blood pressure. 

Discussion

The  incidence of hypertension in dialyzed children is 
still underestimated due to the lack of sufficient data. Mist-
nefes et al. revealed that 76.6% of dialyzed children were 
hypertensive, and Kramer AM et al. found that among 
pediatric patients on renal replacement therapy (RRT) 
in Europe the prevalence of hypertension accounts for 
54.4%.7,12 These results are in accordance with our results 
from 2013, which marked the incidence of hypertension 
at the level of 77.97%, and last but not least, the incidence 
significantly increased by ca. 14% (p = 0.05) as compared 
with the previous observation from 2003/2004. 

Referring to our previous 2003/2004 report, one of the 
aims of this study was to elucidate thoroughly the drug 
allocation in mono and in polytherapy. In our work we 
centered on the evaluation of doctors’ approach to anti-
hypertensive treatment in dialyzed children in the last 
10 years. Consequent to this, which might be regarded 
as a  weakness, the paper itself does not deal with the 
causes of hypertension, the type of dialysis filters, un-
derlying diseases and co-morbid factors. Yet, such an in-
depth analysis is unique as compared to similar studies 
that have been published, which constitutes a remarkable 
strength of this work.

Angiotensin-converting enzyme (ACE) 
inhibitors

ACE inhibitors play a  crucial role in treating hyper-
tension. Captopril, with its in-depth study in children, 
is believed to be safe and effective in lowering high blood 
pressure; however, it has a short period of activity, which 
is why it has to be administered 2–3 times per day. The us-
age of captopril both in previous and present analysis was 
scarce (1 patient in respective years). In  2014 enalapril 
was assigned to 57.14% and ramipril to 38.09% of patients, 
whilst in 2003/2004 enalapril was assigned to 88.63% 
and ramipril to 2.27%. Our data shows that newer classes 
of  ACE inhibitors were infrequently reached for, espe-
cially those that could be administered once a day. Beyond 
doubt, both ramipril and enalapril have been studied in hy-
pertensive children; however, ramipril was the agent stud-
ied in pediatric patients with chronic kidney disease that 
demonstrated good efficacy in lowering blood pressure 
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clusion that being focused on systolic pressure, diastolic 
blood pressure seems to be overlooked. There are 2 hy-
potheses on the presence of isolated diastolic hyperten-
sion in dialyzed population. First of all, this may be re-
lated to improper measurement when DBP seems to be 
overestimated by the traditional techniques of measur-
ing.28 However, in dialyzed patients isolated abnormal 
DBP should not be neglected, as it may be related to 
a significant fluid overload and sympathetic overactivity. 
Recent but scarce data suggests that in dialyzed patients 
strict fluid management during renal replacement the- 
rapy can significantly reduce DBP within the following 
months of treatment.29,30 Such a fact may indicate that in 
a population of dialyzed patients isolated DBP can be in-
direct evidence for fluid overload that, in the state of pre-
served diuresis, could actually require an assignment of 
diuretics.31 Nevertheless, this group of drugs should be 
supported with some of the cardioprotective agents.

New scopes for better  
blood pressure control

Our analysis highlights 2 major problems. First and 
foremost, it is essential to identify all hypertensive pa-
tients. In the present study, 13% of patients were underdia- 
gnosed and subsequently their elevated blood pressure 
was not treated at all. Secondly, appropriate antihyper-
tensive therapy should rely on evidence-based treatment 
as well as on pathophysiology of hypertension. As elevat-
ed blood pressure in dialyzed patients depends on renin-
angiotensin system overactivity (due to increased levels 
of angiotensin II, renin and renal ischemia), it seems that 
in antihypertensive therapy ACE inhibitors application 
should be prioritized. ACE inhibitors reduce left ven-
tricular mass and decrease the mean arterial blood pres-
sure.32,33 In  hypertensive pediatric dialyzed population, 
renal artery stenosis is not frequent, and other contra-
indications, such as pregnancy and breast-feeding, can 
be neglected. Thus, this group of drugs both with ARB 
seems to be the safest. Our study showed that ACE in-
hibitors were used in monotherapy only in 15.38%. 

In  hypertensive children not on dialysis, good blood 
pressure control may be achieved by long-acting ARBs; 
however, none of them was in use in the analyzed group 
of patients.19 As there is an increased level of angiotensin II 
that provokes sympathetic activity, beta-blockers can play 
an important role in better hypertension control as long 
as their dialyzability rate is taken into account. In hyper-
volemic dialyzed patients with preserved diuresis blood 
pressure target might be achieved by the administration 
of loop diuretics.33 Long-acting dihydropyridine calcium 
channel blockers are as safe as ACEI inhibitors, contrary 
to non-dihydropiridine that can amplify the effect of si-
multaneously administered beta-blockers. Recent stud-
ies on pediatric population showed that when adminis-
tered in monotherapy, the effectiveness of long-acting  

General comments

Ineffective antihypertensive therapy might be attrib-
uted to dialysis-related removal of certain drugs. When 
choosing a proper antihypertensive therapy, it is impor-
tant to take into consideration the potential removal 
of  these agents from the circulation by hemodialysis, 
as well as by peritoneal dialysis. Whilst doses of antibiot-
ics are adjusted to intermittent renal replacement ther-
apy procedures, the dialyzability of blood pressure low-
ering agents is usually disrespected. It is worth pointing 
out that among ACE inhibitors captopril, enalapril and 
among beta-blockers acebutolol, atenolol and metoprolol 
are removed by hemodialysis.20 Our study showed that 
29% hypertensive patients underwent hemodialysis and 
49% underwent peritoneal dialysis. Peritoneal dialysis, 
except for certain antibiotics, provides minor drug re-
moval. The level of dialyzability in this type of RRT de-
pends on the low volume of distribution and high pro-
tein bound. The volume of distribution of enalapril is 1.7 
L/kg and plasma protein binding is 60%, thereby being 
eliminated by peritoneal dialysis.21–25 By contrast, the 
protein binding of captopril is about 30% and the volume 
of distribution of ramipril totals over 90 L/kg.21–25 In this 
way, neither ramipril nor losartan, carvedilol, doxazo-
sin and furosemide are partially eliminated by standard, 
low-flux or peritoneal renal replacement therapy. Both 
enalapril and captopril are particularly recommended 
to be administered post-HD. Our analysis showed that 
among the categories of assigned antihypertensive drugs 
that undergo dialysis: ACE inhibitors comprised 61.9% 
(enalapril and captopril) and beta-blockers – 65% (ace-
butolol, atenolol and metoprolol).21–25 Thirty-one per-
cent of patients that underwent peritoneal dialysis were 
treated with enalapril. Incidentally, it is worth pointing 
out that recent studies showed the association between 
dialysis-related removal of beta-blockers and a  higher 
risk of  death in elderly hemodialyzed patients.26 In  our 
study, 11.8% of hemodialyzed hypertensive patients re-
ceived in  monotherapy beta-blocker that is eliminated 
by this type of RRT. 

Ineffective antihypertensive therapy might also be at-
tributed to low compliance that depends not only on the 
number of tablets taken per day, but also on the taste 
of the drugs. As most of antihypertensive agents do not 
exist in pediatric formulations, proper adjustment of the 
pediatric dose of the drug to the patient requires dividing 
it or smashing it to smaller particles. The taste of broken 
tablets is not accepted by children, except for hydrochlo-
rothiazide, lercanidipine and candesartan, which are 
tasteless.27 With respect to pediatric population, the in-
fluence of the taste of tablets on the level of compliance 
should be, in our opinion, further investigated.

Finally, in the group of ineffectively treated hyperten-
sive subjects 32.5% presented an isolated abnormal dia-
stolic blood pressure (DBP), which might lead to a con-
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dihydropyridine calcium channel blockers in reducing 
systolic as well as diastolic blood pressure is weak. On the 
other hand, this was the most willingly chosen group 
of drugs in monotherapy (38.46%), which was pointed out 
in our analysis.

Is there a place for other groups of drugs?

Startling as it may seem, lately it has been noted that 
the application of spironolactone in dialyzed patients has 
considerably decreased an all-cause cardiovascular mor-
tality rate. The  study embraced adult population; how- 
ever, the application of spironolactone as diuretic and 
cardioprotective agent in part of pediatric population 
with myocardial hypertrophy is still worth poring over. 
There was no higher incidence of hyperkaliemia in this 
dialyzed patients treated with spironolactone and its ef-
fect as antihypertensive agent was weak.34 

Conclusions

Despite good accessibility of novel formulas in portfo-
lio of antihypertensive drugs, the treatment of hyperten-
sion in 2013 has not changed much, as compared to the 
data collected in 2003/2004. Long-acting ACE inhibitors 
and ARB, being safe and effective, should play a pivotal 
role in antihypertensive treatment of dialyzed children 
and other agents should be used as adjunct therapy.  
Owing to multiple cardiovascular complications, greater 
effort should be put into early identification of hyperten-
sive pediatric patients on dialysis.
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Abstract
Background. Obsessive-compulsive disorder (OCD) is a major psychiatric disorder identified mostly by 
obsessions and compulsions. Molecular genetic and gene-expression studies focused on familial and twin 
cases have shown a wide variety of variant genes related to OCD. 

Objectives. The aim of the study was to investigate DNA repair genes as potential molecular markers in 
OCD by evaluating the distribution of polymorphisms of DNA repair genes in OCD patients.

Material and methods. The study included 100 case subjects with OCD and 122 unrelated healthy con-
trols. Genotyping of XRCC1, XRCC3, XPD, XPG, APE1 and HOGG1 was performed by polymerase chain reaction-
restriction fragment length polymorphism.

Results. Significant differences were found for XPD and genotype frequencies. Likewise, the frequency 
of the XPD Lys+ genotype was significantly increased in the patients as compared to the controls, and car-
riers of the Lys+ genotype had an increased risk for OCD (p = 0.027). The XPD Lys/Lys genotype frequency 
was also increased in the patients in comparison to the controls (p < 0.001). XPD Gln+ frequencies were 
higher in the controls than in the patients, and carriers of  the Gln+ genotype showed decreased levels 
of OCD risk (p < 0.001). XPD Lys/Lys genotype frequency and XPD Gln+ frequency are also significantly 
associated even after Bonferroni correction (p < 0.008).

Conclusions. The  findings suggest that XPD Lys/Lys might play a  facilitating role in the development  
of OCD.

Key words: polymorphism, obsessive-compulsive disorder, DNA repair, XPD
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Obsessive-compulsive disorder (OCD) is a major psy-
chiatric disorder characterized by obsessive thoughts 
of an intrusive and disturbing nature, and compulsions 
– repetitive stereotypic behaviors usually associated with 
anxiety or dread.1–3

There is considerable evidence suggesting that OCD 
may have a biological basis. OCD shares similar features 
with some neurological diseases, such as Huntington’s 
chorea, encephalitis lethargica (von Economo’s encepha-
litis), Parkinson’s disease, Tourette syndrome, schizo-
phrenia, Sydenham’s chorea, certain epilepsy types and 
organic brain disorders such as those caused by trauma, 
ischemia and tumors.4–7 

Numerous family studies, segregation analyses, twin 
and linkage studies have been conducted to understand 
the genetic and molecular mechanisms of  OCD.8–11 
These studies have led to a better understanding of the 
genetic and environmental factors leading to the develop-
ment of OCD. However, the impact of DNA repair genes 
on OCD development has not been investigated. DNA 
damage resulting from alkylation, deamination and oxi-
dative stress is mainly reversed by the base excision repair 
(BER) pathway to ensure genome integrity. The  human 
oxoguanine glycosylase 1 (HOGG1), AP endonuclease 1 
(APE1) and X-ray repair cross-complementing 1 (XRCC1) 
genes are involved in the BER pathway. HOGG1 is a BER 
enzyme that recognizes and excises 8-hydroxydeoxygua-
nine (8-oxo-dG), whereas APE1 is the rate-limiting en-
zyme in the BER pathway.12–15 It cleaves 50 DNA abasic 
sugar residues generated from ionizing radiation and 
environmental carcinogens.16–18 The  XRCC genes are 
involved in different DNA repair processes contribut-
ing to genetic stability.19,20 XRCC1 acts as a  scaffold for 
other BER enzymes, while XRCC3 encodes RAD-51-like 
proteins, and is necessary for homologous recombination 
DNA repair.21 

The  authors hypothesized that genetic alterations in 
the components of the DNA repair system could be used 
as a molecular marker for OCD prognosis. This study was 
aimed at evaluating the distribution of  polymorphisms 
of  the DNA repair genes XRCC1, XRCC3, XPD, XPG, 
APE1 and HOGG1 in OCD patients.

Material and methods

The study population

OCD subjects were diagnosed according to the criteria 
in the 1994 American Psychiatric Association Diagnos-
tic and Statistical Manual of Mental Disorders (DSM IV) 
and were recruited at the Psychiatric Department of Is-
tanbul Erenkoy Psychiatric and Neurological Disorders 
Hospital (Turkey), which has an inpatient ward for acute 
psychiatric patients. All the patients’ medical histories 
were taken upon their first admission. Assessments for 

the diagnosis of OCD were performed by 2 psychiatrists 
using cross-sectional interviews and case records. All the 
patients had active symptoms at the time of  the study. 
Patients with a history of neurological or medical disor-
ders that would affect neuropsychological function (i.e., 
seizures, head trauma, stroke, brain tumor, meningitis) 
or with a recent history of alcohol or psychoactive drug 
abuse were excluded. A total of 100 OCD patients were 
included in the study. 

Normal control participants were recruited from 
a  large medical outpatient clinic. Their demographic 
data, medical and psychiatric history were investigated, 
and subjects with a  diagnosis of  any DSM-IV axis I  or 
axis  II disorders were excluded. None of  the control 
subjects had a  history of  medical illness, head injury, 
neurological disorder, psychiatric disorder or alcohol or 
substance abuse, and none had a  family history of  any 
psychiatric disorder. A  total of  122 unrelated healthy 
controls were included the study.

Measurements, protocol and procedure

All the subjects were examined using a  standardized 
interview. Assessments were done on a semi-structured 
socio-demographic form that required patient informa-
tion regarding the demographic and personal details 
of the patients and informants, the patients’ complaints, 
the history of  the present illness, details of  medical or 
surgical interventions, past history, family history, pre-
morbid personality, physical examination details, a men-
tal status examination, and a  diagnostic formulation. 
The  potential cases were interviewed by a  psychiatrist, 
and their medical records were reviewed whenever rel-
evant. Secondly, a consultant psychiatrist audited the 1st 
phase results, and confirmed or rejected the diagnosis. 

To minimize the effect of  ethnic differences in gene 
frequencies, the study participants were chosen from the 
Turkish population living in the western region of Turkey. 
The study was approved by the Medical Ethics Commit-
tee of Istanbul Medical Faculty, and all the participants 
gave written informed consent. 

Polymorphism analysis

Blood samples from all the study participants were 
collected in EDTA-containing tubes. Genomic DNA 
was extracted from peripheral whole blood using a com-
mercially available kit according to the manufacturer’s 
instructions (PureLink Genomic DNA Mini Kit, Ther-
mo Fisher Scientific Inc., Waltham, USA). Polymerase 
chain reaction (PCR)/restriction fragment length poly-
morphism (RFLP) analysis was performed to detect 
variations in DNA repair genes APE1, HOGG1, XRCC1, 
XRCC3, XPD and XPG. Appropriate primers were used 
to amplify the subjects’ corresponding gene by PCR, and 
the reaction products were digested using the appropriate 
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enzyme at 37°C. The digested products were analyzed on 
2% agarose gel stained with ethidium bromide, and ex-
amined under transillumination. Two observers, blind to 
the subjects’ diagnoses, read each gel. In case of any con-
flict, the experiments were repeated.

Statistical analysis

The  statistical analyses were performed using SPSS 
software (v. 11.5, SPSS Inc., Chicago, USA). Differences 
in the distribution of DNA repair genotypes or alleles be-
tween the patient group and the control group were test-
ed using the χ2 test; the data was expressed as means ± 

standard deviation (SD). Demographic 
data was compared using Student’s t-
test and the χ2 test, as required. Relative 
risk with 95% confidence intervals (CI) 
was calculated as the odds ratio (OR). 
An OR > 1 is associated with higher 
odds of the outcome; an OR < 1 is asso-
ciated with lower odds of the outcome; 
and an OR = 1 does not affect the odds 
of the outcome.22

In addition to this, minor allele frequency and Hardy-
Weinberg equilibrium were calculated by Haploview 4.2 
software (The Broad Institute, Cambridge, USA). Linkage 
disequilibrium among DNA repair gene polymophisms 
was assessed using D’ and r2 values obtained through the 
Haploview program. Multiple comparisons were con-
trolled using the Bonferroni correction. P-values < 0.05 
were considered statistically significant.

Results

Table 1 shows the characteristics of  the patient and 
control groups. The controls and patients were adjusted 
for age, sex, smoking habit, and alcohol use (p < 0.05).

The distribution of APE1, XRCC1, XRCC3, XPD, XPG 
and HOGG1 genotype frequencies in the OCD patients 
and controls is shown in Table 2. Significant differenc-
es were found only for the XPD Lys751Gln and XRCC3 
Thr241Met (p < 0.05) genotype frequencies. As compared 
to the controls, the OCD patients had statistically higher 
frequencies of the XRCC3 Thr+ genotype (88% vs 77.1%, 
p = 0.03, χ2: 4.46, OR: 2.18, 95% CI: 1.04–4.56) and XRCC3 
Thr/Met genotype (83% vs 64.8%, p = 0.002, χ2: 9.27, OR: 
2.65, 95% CI: 1.40–5.04). Likewise, XPD Lys+ genotype 
frequency was significantly higher in the patients (95%) 
than in the controls (86%); and carriers of the Lys+ geno- 
type (p = 0.027, χ2: 4.91, OR: 3.07, 95% CI: 1.09–8.66) had 
a 3 times higher risk of OCD. Also, Lys/Lys genotype fre-
quency (p = 0.000, χ2:14.72, OR: 2.85, 95% CI: 1.65–4.93) 
was higher in the patients (60%) than in the controls 
(34.4%). Although the OCD patients showed trends to-
ward displaying higher frequencies of  XRCC1 Gln+ as 
compared to the controls (17% vs 9%), this difference did 
not reach statistical significance.

XPD Gln+ frequency (p = 0.075, χ2: 3.17, OR: 2.06, 95% 
CI: 0.91–4.64) was increased in the controls (65.6%) com-
pared with the patients (40%); and carriers of  the Gln+ 
genotype (p < 0.001, χ2: 14.47, OR: 0.35, 95% CI: 0.20–
0.60) had a 2.8-fold lower risk of OCD. Gln/Gln genotype 
frequency (p = 0.027, χ2: 7.91, OR: 0.32, 95% CI: 0.11–0.91) 
was higher in the controls (13.9%) than in the patients 
(5%). Moreover, Lys/Gln genotype frequency (p = 0.013, 
χ2: 6.17, OR: 0.32, 95% CI: 0.29–0.86) was significant-
ly higher in the controls (51.6%) than in the patients 
(35%). There were no statistically significant differences  

Table 1. Characteristics of the OCD patients and controls

Control
n = 122

Patients
n = 100 p-value χ2 OR 95% CI

Age 44.08 ±11.2 41.09 ±12.1 0.058

Sex (female/male) 74/48 71/29 0.107 2.59 0.63 0.35–1.10

Smoking (%) (yes/no) 72.0/28.0 64.0/36.0 0.327 0.96 1.44 0.69–3.03

Alcohol use (%) (yes/no) 96.0/4.0 97.0/3.0 0.748 0.10 0.74 0.12–4.59

Table 2. The distribution of the APE1, XRCC1, XRCC3, XPD, XPG and HOGG1 
genotype frequencies in the OCD patient group and the control group

Polymorphism
Controls OCD patients

p-value
n % n %

APE Asp148Glu rs3136820

Asp/Asp 58 47.5 47 47.0

Glu/Glu 18 14.8 10 10.0

Asp/Glu 46 37.7 43 43.0 0.503

XRCC1 Arg399Gln rs25487

Arg/Arg 111 91.0 83 83.0

Gln/Gln 0 0 0 0

Arg/Gln 11 9.0 17 17.0 0.075

XRCC3 Thr241Met rs861539

Thr/Thr 15 12.3 5 5.0

Met/Met 28 23.0 12 12.0

Thr/Met 79 64.8 83 83.0 0.009

XPD Lys751Gln rs1052559

Lys/Lys 42 34.4 60 60.0

Gln/Gln 17 13.9 5 5.0

Lys/Gln 63 51.6 35 35.0 0.000

XPG Asp1104His rs17655

Asp/Asp 69 56.6 45 45.0

His/His 13 10.7 17 17.0

Asp/His 40 32.8 38 38.0 0.175

HOGG1 Ser326Cys rs1052133

Ser/Ser 74 60.7 56 56.0

Cys/Cys 3 2.5 0 0

Ser/Cys 45 36.9 44 44.0 0.187
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between the OCD patients and the controls with regard 
to XPG Asp1104His and HOGG1 Ser326Cys genotype 
frequencies (p > 0.05) (Table 2). Nevertheless, the XPD 
genotype and the distribution of XPD Lys/Lys genotype 
frequency and XPD Gln+ frequency are significantly as-
sociated due to the Bonferroni correction. XRCC3 is not 
included in the statistical results because it was not in ac-
cordance with Hardy-Weinberg equilibrium. 

The distribution of APE1, XRCC1, XRCC3, XPD, XPG 
and HOGG1 allele frequencies in the OCD patients and 
the control group is shown in Table 3. XPG His and XPD 
Lys allele frequencies were significantly higher in the pa-
tients than in the controls. 

Minor allele frequency (MAF) values are also given in 
Table 3. With the exception of  the XRCC3 Thr241Met 
genotype, the distribution of all allele and genotype fre-
quencies among the patients and the controls was in ac-
cordance with Hardy-Weinberg equilibrium. 

When the results were analyzed in terms of haplotype 
frequencies, the only significant difference between the 
controls and the patients was found in the haplotype with 
XRCC1 Arg: XPG Asp (Table 4). There was a weak link-
age disequilibrium between the XRCC1 and XPG poly-
morphisms (D’: 0.198, logarithm of odds (LOD): 0.33, r2: 
0.006).

Discussion 

OCD is a widespread psychiatric disorder that is char-
acterized by disabling obsessions and/or compulsions.24 
Originally thought to be rare, OCD is now known to 
have a lifetime prevalence around 1–3% worldwide, mak-

ing it one of  the most common and seri-
ous mental conditions.25–27 Although the 
exact causes of  OCD are unknown, data 
from family studies suggests the presence 
of a heritable factor, and implies that ge-
netic factors might account for around 
50% of  OCD symptoms. Moreover, poly-
morphisms of  certain genes have been 
associated with OCD.15,23,28 The  present 
study attempted to unravel potential as-

sociation between DNA repair genes and OCD. To the 
authors’ knowledge, this is the first study focused on the 
potential contribution of  XRCC1, XRCC3, XPD, XPG, 
APE1 and HOGG1 genotypes to OCD pathogenesis.

The study found that certain XPD gene polymorphisms 
might have a  facilitating or protective role in OCD  
development. These results not only suggest that DNA 
repair mechanisms somehow influence the neuronal 
pathways controlling behaviors, but also lend further 
support to a biological basis of OCD. 

Exposure to certain chemicals such as hydrocarbons, 
aryl amines and nitrosamines might result in the for-
mation of reactive oxygen species as by-products, which 
might ultimately affect DNA functions. DNA repair 
mechanisms are thus of paramount importance in revers-
ing alterations to DNA and providing unmutated DNA 
during the replication process. More than a  hundred 
genes are known to participate in DNA repair mecha-
nisms.29–31 Biological models of OCD propose anomalies 
in the dopamine and serotonin pathways of the brain.32 
At least in some patients, OCD might plausibly be the 
end result of  mesocortical pathway dysfunction caused 
by a  variety of  factors such as trauma, infections and 
autoimmunity. Increased generation of  reactive oxygen 
species as a result of impaired DNA repair mechanisms 
might be rendering the dopaminergic mesocortical path-
way more susceptible to these environmental factors. 
Recent findings on the association between DNA repair 
gene polymorphisms and Parkinson’s disease, which is 
also related to dopaminergic pathways, support this hy-
pothesis.33 It  is also possible that XPD genes have some 
yet unknown function in dopamine and/or serotonin me-
tabolism. 

Table 3. Minor allele frequencies and the distribution of APE1, XRCC1, XRCC3, XPD, XPG and HOGG1 allele frequencies in the OCD patients and the controls

SNP Rs number HW p-value MAF Associated 
alleles

Case,  
control ratios χ2 p-value

Ape Asp148Glu rs1130409 0.231 0.327 Asp 0.685, 0.664 0.222 0.6377

XRCC1 Arg399Gln rs25487 0.806 0.063 Gln 0.085, 0.045 2.964 0.0851

XRCC3 Thr241Met rs861539 <0.001 0.455 Thr 0.465, 0.447 0.148 0.7004

XPD Lys751Gln rs1052559 0.981 0.32 Lys 0.775, 0.602 15.042 <0.001

XPG Asp1104His rs17655 0.011 0.311 His 0.360, 0.270 4.111 0.0426

HOGG1 Ser326Cys rs1052133 0.004 0.214 Cys 0.220, 0.209 0.079 0.7789

MAF – minor allele frequency; HW – Hardy-Weinberg equilibrium.

Table 4. The frequencies of haplotypes of DNA repair genes in the patients and the controls

Number of haplotype
Frequency

overall patients control χ2 p-value

XRCC1 Arg: XPG Asp 0.654 0.598 0.701 5.138 0.023

XRCC1 Arg: XPG His 0.283 0.317 0.254 2.145 0.143

XRCC1 Gln: XPG Asp 0.035 0.042 0.029 0.579 0.447

XRCC1 Gln: XPG His 0.028 0.043 0.016 2.839 0.092
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According to human brain tissue studies, DNA dam-
age has been found at increasingly high levels in nervous 
system disorders, adding to the importance of the present 
study to research investigating OCD mechanisms.34–38 
It is possible to say that there might be an important re-
lationship between the DNA repair system and neuro-
degeneration. This area should be investigated further 
in large-scale studies to focus specifically on identifying 
which repair system is related to the disease mechanism. 

Conclusions 

The findings of the current study suggest that certain 
XPD genotypes are associated with the development 
of OCD. Further studies with larger sample groups are ne- 
cessary to clarify the significance of these gene variants. 
Moreover, the mechanisms by which these genes contri- 
bute to OCD pathogenesis need to be clarified. 
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Abstract
Background. Gliomas are the most common primary brain tumor in adults. Many studies have revealed 
associations between the rs4295627 polymorphism in the coiled-coil domain containing 26 (CCDC26) gene 
and the risk of glioma. However, the conclusions are still unclear because some studies have reported in-
consistent results. 

Objectives. The aim of the present meta-analysis was to determine the relationship and quantitatively 
evaluate the effect of the rs4295627 polymorphism on the risk of glioma.

Material and methods. Data was extracted from PubMed, EMBASE and Google Scholar, with the most 
recent search up to December, 2015. Odds ratios (OR) and their 95% CIs were used to evaluate the effect 
of CCDC26 rs4295627 polymorphisms on glioma. A test of heterogeneity and an assessment of publication 
bias were also performed.

Results. A total of 11 studies (8292 cases and 12,419 controls) were selected for this meta-analysis. Sig-
nificant associations were observed in all genetic analysis models (G vs T: OR = 1.26, 95% CI = 1.12–1.43;  
GG vs TT: OR = 1.72, 95% CI = 1.24–2.39; GT vs TT: OR = 1.33, 95% CI = 1.24–1.42; GG + GT vs TT: 
OR = 1.36, 95% CI = 1.20–1.53; GG vs GT + TT: OR = 1.65, 95% CI = 1.18–2.29, respectively).

Conclusions. The results of the present study clearly show that the G allele of the rs4295627 polymor-
phism significantly increases the risk of glioma. Nevertheless, well-designed large-scale studies are needed 
to further evaluate the effect of the rs4295627 polymorphism on different types or degrees of glioma in dif-
ferent ethnic groups as well as to measure the combined effects on glioma risk.

Key words: meta-analysis, glioma, rs4295627, CCDC26.
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Gliomas are the most common primary brain tumors 
that occur mainly in adults. They include astrocytic, oli-
godendroglial, oligoastrocytic, ependymal and choroid 
plexus, and other neuroepithelial tumors.1–3 Gliomas 
account for about 80% of  all primary malignant brain 
tumors, with an incidence of 5–10 cases per 100,000.3,4 
Despite advances in  neurosurgery and chemotherapy, 
the prognosis for most glioma patients remains dismal.5,6 
Prevention of  glioma progression has therefore become 
an important strategy for fighting against the disease. 

The etiology of gliomas is still not well understood. Pre-
vious studies have reported that some genetic loci, such 
as 5p15.33 (rs2736100, TERT) and 8q24.21 (rs4295627, 
CCDC26) , may be associated with the risk of glioma.7,8

The coiled-coil domain containing 26 (CCDC26) gene 
encodes a retinoic acid modulator of cell differentiation 
and death.9 Retinoid acid induces caspase-8 transcrip-
tion through phosphorylation of  cAMP response ele-
ment-binding, and increases apoptosis induced by death 
stimuli in  neuroblastoma cells and in  glioblastoma 
cells by  downregulation of  telomerase activity.10,11 Ge-
netic variants of CCDC26 are associated with a number 
of common tumors, including glioma.7,8,12,13

The SNP rs4295627 maps to intron 3 of the CCDC26 
gene. Several studies have been published exploring the re-
lationship between the  rs4295627 polymorphism and 
the risk of glioma.7,8 However, the results of those stud-
ies are inconsistent.14–16 Therefore, the aim of the present 
study was to investigate the effect of CCDC26 rs4295627 
polymorphism on  the  risk of  glioma by  summarizing 
it quantitatively, using a meta-analysis approach.

Material and methods

Data sources

A comprehensive search was performed for available ar-
ticles published in English, using the databases of PubMed, 
EMBASE and Google Scholar up to December 2015, and 
by hand-searching the reference lists of the computer-re-
trieved articles. The literature search was conducted using 
the following terms: “glioma”, “gliomas” or “glioblastoma”; 
“rs4295627”, “CCDC26” or  “coiled-coil domain contain-
ing 26”; and “polymorphism”, “genotype” or  “mutation”. 
The search was limited to human studies and references 
from the retrieved publications were checked to  find ad-
ditional articles on the topic.

Inclusion and exclusion criteria

All relevant studies reporting the association between 
the  rs4295627 polymorphism and glioma risk were 
considered for inclusion. The  inclusion criteria were 
as follows: (1) use of  a  case-control or  cohort design;  
(2) the exposure of interest was rs4295627 polymorphism; 

(3) the outcome of interest was glioma; (4) sufficient raw 
data for evaluating odds ratios (OR) and their 95% confi-
dence interval (CI); or, if the raw data was not available, 
the OR and 95% CI for specific genetic models were in-
cluded. The  following exclusion criteria were also used: 
(1) articles only having an abstract, review articles and 
comments; (2) studies overlapping with other studies.

Data extraction 

Two authors independently reviewed all the  articles 
and extracted data in separate databases. Conflicts were 
resolved by  discussion and consensus. The  following 
information was extracted from each study: the  name 
of  the  1st author, the  year of  publication, ethnicity, 
the number of cases and controls, the sources of the con-
trols, the  genotyping method, and either the  raw data 
on genotype frequency or ORs with corresponding 95% 
CIs for specific genetic models.

Statistical analysis

Comprehensive meta-analysis software (v. 2; Biostat Inc., 
Englewood, USA) was used for all the statistical analyses.17 

The pooled odds ratios (ORs) and 95% confidence intervals 
(CIs) were taken to  calculate the  effects of  the  CCDC26 
rs4295627 polymorphism on the risk of glioma. Heteroge-
neity between studies was estimated by the I2 test and hete- 
rogeneity Q statistic test. P-value < 0.10 and I2 > 50% were 
considered the  level of  statistical significance. The  ran-
dom-effects model was used for pooled effects; otherwise, 
the fixed-effects model was chosen for analysis since hete- 
rogeneity was not obvious. The  genetic models assessed 
for the  pooled ORs  of  the  polymorphism were the  addi-
tive model (G vs T), dominant model (GG + GT vs TT), 
recessive model (GG vs GT + TT), homozygote compari-
son (GG vs TT) and heterozygote comparison (GT vs TT). 
Subgroup analyses by  ethnicity (American Caucasians, 
European Caucasians and Asian Han) were also conduct-
ed to  further explore the  details of  CCDC26 rs4295627 
polymorphisms and the  risk of glioma. In addition, pos-
sible publication biases were investigated using the  fun-
nel plot and Begg’s linear regression test. For Egger’s tests,  
p-values < 0.1 suggest significant publication bias.17

Results

Study characteristics

A total of 99 articles were identified using the search 
strategies from the  3 electronic libraries. Following de-
duplication and screening of  the  titles and abstracts,  
43 out of  the  99 records were excluded for showing no 
information related to  rs4295627 polymorphisms and 
glioma risk. Another 46 articles were then removed  
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owing to  insufficient data after reviewing the  full text. 
Out of  the  10  candidate studies,7,8,14–16,18–22 4 arti-
cles16,18–20 and part of the data in 1 article21 were rejected 
because of  repeated or overlapping data. Finally, 6 arti-
cles7,8,14,15,21,22 with 15 studies about rs4295627 polymor-
phisms and glioma risk, involving 8292 glioma cases and 
12,419 controls, were used in this meta-analysis. 

The main information from the 15 studies is summa-
rized in Table 1. Six of the selected studies were carried 
out in Europe, 7 in the USA and 2 in China. The num-
ber of  cases in  these studies varied substantially (rang-
ing from 18 to 1374 individuals). Twelve of the 15 stud-
ies provided detailed raw genotype data for calculating 
the ORs and 95% CIs (Table 2), the other 3 studies pro-
vided the ORs and 95% CIs for specific genetic models.

Quantitative synthesis

The  results of  this meta-analysis are presented 
in  Fig.  1–3. Significant associations were observed in  all 
the pooled analyses of the 5 genetic models. Overall ORs 
were all greater than 1, varying from 1.26 to 1.72 (G vs T: 
OR = 1.26, 95% CI = 1.12–1.43, Fig. 1; GG vs TT: OR = 1.72, 
95% CI = 1.24–2.39, Fig. 2 left; GT vs TT: OR = 1.33, 95% 
CI = 1.24–1.42, Fig. 2 right; GG + GT vs TT: OR = 1.36, 95% 
CI = 1.20–1.53, Fig. 3 left; GG vs GT + TT: OR = 1.65, 95% 
CI = 1.18–2.29, Fig. 3 right). Between-study heterogeneity 
was found in most of  the 5 genetic models. Accordingly, 
the  fixed-effects model was used only in  heterozygote 

Table 1. Characteristics of the studies included in the meta-analysis

First authors Years Countries Ethnicity Case 
number

Control 
number

Shete 1a 2009 England Caucasian 631 1434

Shete 2b 2009 USA Caucasian 1246 2235

Shete 3c 2009 France Caucasian 1374 1579

Shete 4d 2009 Sweden Caucasian 643 775

Shete 5e 2009 Germany Caucasian 498 571

Schoemaker 1f 2010 Denmark Caucasian 123 147

Schoemaker 2g 2010 Finland Caucasian 97 95

Chen 2011 China Asian 976 1057

Egan 2011 USA Caucasian 639 649

Li 2012 China Asian 226 254

Safaeian 1h 2013 USA Caucasian 322 385

Safaeian 2i 2013 USA Caucasian 300 538

Safaeian 3j 2013 USA Caucasian 133 855

Safaeian 4k 2013 USA Caucasian 37 1270

Safaeian 5l 2013 USA Caucasian 18 35

a – UK population; b – US population; c – French population; d – Swedish 
population; e – German population; f – Danish population; g –Finnish 
population; h – National Cancer Institute glioma case-control study; 
i – National Institute of Occupational Safety and Health glioma case-
control study; j – glioma cases and controls identified from the Prostate, 
Lung, Colorectal and Ovarian Cancer Screening Trial; k – glioma cases 
and controls identified from the Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention Study; l – glioma cases and controls identified from 
the Agricultural Health Study.

Table 2. Genotype distribution among glioma patients and controls

First authors
Cases Controls

GG GT TT G T GG GT TT G T

Shete 1a 29 216 386 274 988 48 410 976 506 2362

Shete 2b 60 451 735 571 1921 72 667 1496 811 3659

Shete 3c 71 418 885 560 2188 25 421 1133 471 2687

Shete 4d 27 223 393 277 1009 36 247 492 319 1231

Shete 5e 30 185 283 245 751 13 144 414 170 972

Schoemaker 1f 7 40 76 54 192 3 46 98 52 242

Schoemaker 2g 16 34 47 66 128 6 31 58 43 147

Chen – – – – – – – – – –

Egan – – – – – – – – – –

Li – – – – – – – – – –

Safaeian 1h 17 123 182 157 487 11 107 267 129 641

Safaeian 2i 14 107 179 135 465 23 158 357 204 872

Safaeian 3j 10 40 83 60 206 23 248 584 294 1416

Safaeian 4k 2 13 22 17 57 66 410 794 542 1998

Safaeian 5l 0 1 17 1 35 0 12 23 12 58

The 3 studies by Chen, Egan and Li provided ORs and 95% CIs instead of raw data; a – UK population; b – US population; c – French population;  
d – Swedish population; e – German population; f – 3 adjusted genome wide association studies (GWAS) – (1) San Francisco Adult Glioma Study (AGS), 
(2) Cancer Genome Atlas (TCGA), (3) Illumina iControl DB (iControls); g – Danish population; h –Finnish population; i – National Cancer Institute glioma  
case-control study;  j – National Institute of Occupational Safety and Health glioma case-control study; k – glioma cases and controls identified from 
the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; l – glioma cases and controls identified from the Alpha-Tocopherol, Beta-Carotene  
Cancer Prevention Study; m – glioma cases and controls identified from the Agricultural Health Study.
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comparison (GT vs TT). For the  other genetic models, 
the random-effects model was utilized in the meta-analy-
sis, since heterogeneity was significant.

Fig. 1. Forest plots of meta-analyses for additive model (G vs T)

Fig. 2. Forest plots of meta-analyses for homozygote comparison (GG vs TT) and heterozygote comparison (GT vs TT)

Fig. 3. Forest plots of meta-analyses for dominant model (GG + GT vs TT) and recessive model (GG vs GT + TT)

The  results of  the  subgroup analyses are presented 
in Table 3. Racial differences were found among the sub-
groups of ethnicity. A significant association was discov-
ered between the rs4295627 polymorphisms and the risk 
of glioma in the American Caucasians, and between-study 
heterogeneity was no longer significant in  this group. 
The  Han Chinese population showed no significant as-
sociation between the  rs4295627 polymorphisms and 
the risk of glioma; however, the small number of studies 
included for analysis may lack sufficient power to  draw 
accurate conclusions. European Caucasians showed 
the highest effect size compared with the other samples.

Publication bias

The  funnel plots (Fig. 4) of  all 5 genetic models were 
roughly symmetric and suggested no publication bias. 
Egger’s test also showed no significant evidence of pub-
lication bias (p = 0.74 for G vs T; p = 0.97 for GG vs TT; 
p = 0.23 for GT vs TT; p = 0.30 for GG + GT vs TT; and 
p =  0.87 for GG vs GT + TT).
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Fig. 4. Funnel plots of the publication bias

A – additive model (G vs T); B – homozygote comparison (GG vs TT); C – heterozygote comparison (GT vs TT); D – dominant model (GG + GT vs TT);  
E – recessive model (GG vs GT + TT).

Table 3. Summary of subgroup analyses for the CCDC26 rs4295627 polymorphism and the risk of glioma

Genetic 
model Ethnicity No. 

of study
Pooled effect size  Heterogeneity

OR 95% CI p-value I2 p-value

G vs T

all 15 1.26 1.12–1.43 <0.01 75.87 <0.01

Caucasians (USA) 7 1.32 1.21–1.44 <0.01 30.55 0.2

Caucasians (Eur.) 6 1.41 1.19–1.67 <0.01 72.2 <0.01

Han (Asian) 2 0.91 0.80–1.04 0.16  <0.01 0.36

GG vs TT

all 13 1.72 1.24–2.39 <0.01 68.89 <0.01

Caucasians (USA) 6 1.63 1.28–2.09 <0.01 17.01 0.3

Caucasians (Eur.) 6 2.23 1.32–3.77 <0.01 74.19 <0.01

Han (Asian) 1 0.5 0.24–1.05 0.06 – –

GT vs TT

all 14 1.33 1.24–1.42 <0.01 29.99 0.14

Caucasians (USA) 7 1.35 1.22–1.50 <0.01 27.41 0.22

Caucasians (Eur.) 6 1.32 1.20–1.46 <0.01 46.02 0.1

Han (Asian) 1 1.12 0.79–1.58 0.78 – –

GG + GT vs TT

all 13 1.36 1.20–1.53 <0.01 56.49 <0.01

Caucasians (USA) 6 1.41 1.26–1.57 <0.01 36.53 0.16

Caucasians (Eur.) 6 1.41 1.20–1.68 <0.01 61.15 0.03

Han (Asian) 1 0.86 0.60–1.23 0.41 – –

GG vs GT + TT

all 12 1.65 1.18–2.29 <0.01 67.37 <0.01

Caucasians (USA) 5 1.59 1.22–2.07 <0.01 5.08 0.38

Caucasians (Eur.) 6 2.02 1.22–3.35 <0.01 72.61 <0.01

Han (Asian) 1 0.52 0.25–1.05 0.07 – –
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Discussion

The  present meta-analysis used the  data from 15 case-
control studies (with a  total of  over 20,000 participants) 
to  evaluate the  effect of  the CCDC26 rs4295627 polymor-
phisms on the risk of glioma. The pooled results for differ-
ent genetic models were all significant, which indicated that 
a  person who carries the  G allele of  rs4295627 polymor-
phisms has an increased likelihood of  glioma. Individuals 
with the homozygous variant have the highest risk of glio-
ma (OR = 1.72), and the effect size of  the recessive genetic 
model is higher than that of the dominant model (OR = 1.65 
vs OR = 1.36, adjusted for heterogeneity). Different ethnici-
ties have different frequencies of alleles; therefore, subgroup 
analyses according to ethnicity were performed to decrease 
biases. The  subgroup analyses showed that the rs4295627 
polymorphism in  the  CCDC26 gene increased the  risk 
of  glioma in  Caucasians, but similar associations are not 
observed in  Han Chinese individuals. However, since only  
2 studies involved Asian samples, the results may have insuf-
ficient power to reveal a reliable association. More studies are 
needed to confirm the results for the Chinese population. 

Gliomas are the most common adults tumors of the cen-
tral brain, and have high mortality and morbidity.3 A bet-
ter understanding of the mechanism of gliomas will con-
tribute to  finding better ways to  prevent, diagnose and 
treat them. Confirmation of  genetic biomarkers could 
help in  making early diagnosis, predicting patient out-
comes or  carrying out personalized therapy. However, 
previously published articles have found that many gene 
variations may be associated with the risk of glioma, such 
as CCDC26 gene mutations. The  CCDC26 gene plays 
an important role in  cell differentiation and apoptosis. 
CCDC26 gene mutations are present in most glioma sam-
ples, but are absent in normal brain tissues. Theoretically, 
CCDC26 gene mutations may change the  intrinsic regu-
latory mechanism in organisms and thus increase the oc-
currence of  glioma. This study showed that mutations 
of  the  G allele of  the  rs4295627 polymorphism, located 
in intron 3 of the CCDC26 gene, increases the risk of gli-
oma, which is consistent with the theoretical assumption. 

Between-study heterogeneity is common in meta-analy- 
ses, and exploring potential sources of  heterogeneity is 
an essential component of  any meta-analysis.23 Evidence 
of heterogeneity was observed in most of the genetic mod-
els for this meta-analysis. In  fact, the  effect size of  the 
rs2736100 polymorphism on  glioma risk varied greatly 
in  the 15 studies included. Although most of  the studies 
found that mutations of the rs2736100 polymorphism may 
increase the risk of glioma, some studies reported incon-
sistent results. The  between-study heterogeneity found 
in  the  meta-analysis may have several potential causes. 
The  most likely sources of  heterogeneity are the  lack 
of  a  standardized classification for the  different types 
or  severity of  glioma. Rs4295627 polymorphism has 
been proved to be strongly associated with oligodendro- 

glial tumor risk, but not glioblastoma risk.24 Differences 
in  the  participants’ characteristics, including differences 
in age and ethnicity, are another potential source of hetero-
geneity. Other possible sources of the observed heteroge-
neity, such as false-positive or false-negative associations, 
may result from survival bias and recall errors involved 
in cross-sectional studies.25,26 The present study included 
subgroup analyses by  ethnicity and found that ethnicity 
may be one of the sources of heterogeneity. However, since 
most of  the  15 studies lacked data for other factors (re-
search design, interventions and outcome measures), this 
hypothesis is still speculative and needs further testing.

The present study has some limitations that should be 
acknowledged. First, precise information about the type 
of glioma and the participants’ details were absent from 
most of  the  15 studies included. No relevant published 
or  unpublished studies with null results was identified, 
which may bias the results of the present meta-analysis. 
Ideally, to  avoid bias, the  effect size should be adjusted 
for all factors known to contribute to glioma. However, 
because some of  the  studies used in  the  current meta-
analysis did not include all the  relevant data, the crude 
effect size was calculated using only tabular data. Sec-
ond, although a  meta-analysis is a  good method of  ob-
taining a  large sample size and increasing statistical 
power, the heterogeneity bias may bring in some “noise”. 
A  random-effects model may minimize the  influence 
of heterogeneity by assuming that different studies show 
substantial diversity and assessing both within-study 
sampling error and between-study variance. However, 
the  influence of  heterogeneity in  the  present analysis 
should be noted.

Despite these limitations, this study has a large sample 
size and sufficient statistical power to estimate the effect 
of  the rs2736100 polymorphism on  the  risk of  glioma. 
In contrast, a small sample size (<100 cases and controls) 
can overestimate a  true association due to  deficiencies 
in  statistical power. In  addition, although the  number 
of  studies included in  this meta-analysis was small, no 
evidence of publication bias was found.

In  conclusion, this meta-analysis confirms that the 
CCDC26 rs4295627 polymorphism contributes to  indi-
vidual susceptibility to glioma, and provides a more accu-
rate estimate of the effect of the rs4295627 polymorphism 
on the risk of glioma. Because of the previously mentioned 
limitations of this meta-analysis, further studies are nec-
essary to resolve the existing controversies over the effect 
of the rs4295627 polymorphism on the risk of glioma.
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Abstract
Sclerostin is a glycoprotein involved in the regulation of bone metabolism, exclusively secreted by osteocytes. 
It affects the activity of bone morphogenetic proteins (BMPs) and is an inhibitor of the Wnt/β-catenin met-
abolic pathway in bone cells. Osteocytes reduce the release of sclerostin in response to mechanical stimuli 
acting on bone, and thus promote the activation of osteogenic pathway Wnt/β-catenin in osteoblasts. This 
signaling pathway plays a key role in osteogenesis and bone turnover. Loss of sclerostin gene function is 
related to 3 different craniotubular hyperostosis processes: sclerosteosis, craniodiaphyseal dysplasia, and 
van Buchem disease. Additionally, experimental and clinical studies suggest that sclerostin may promote 
vascular calcification. Antibodies directed against sclerostin stimulate bone formation and represent a new 
therapeutic option in the treatment of diseases with increased bone resorption, such as osteoporosis and 
inflammatory diseases where there is generalized bone loss, periarticular osteoporosis, and cartilage dam-
age, such as rheumatoid arthritis (RA), ankylosing spondylitis (AS), and glucocorticoid-induced osteoporo-
sis (GIO). Antibody use has the potential to offer new therapeutic approaches in the therapy of mineral and 
bone disorders resulting from chronic kidney disease (CKD-MBD) and vascular calcifications.

Key words: osteoporosis, bone mineral density, vascular damage, sclerostin, Wnt/β-catenin pathway
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Introduction

Bone cells include osteocytes, osteoblasts, and os-
teoclasts with each having a different and specific roles 
in bone remodeling, and are essential to the maintenance 
of biomechanical functions of the skeleton. Physiological 
bone remodeling involves the continuous process of bone 
destruction, resorption, and formation, resulting in  the 
production of  osteoid (early phase) and its mineraliza-
tion (late phase). A key role in  this process is played by 
the basic multicellular unit (BMUs), which is a temporary 
anatomic structure. The opposing processes of bone re-
modeling are separated by a rest phase, when the surface 
of newly formed bone is covered by osteocytes. Apoptosis 
of osteocytes characterize the transition from the resting 
phase to the resorption phase of the bone turnover. 

Osteocytes buried in the bone matrix act as mechano-
sensors, specializing in  the receiving and transmission 
of signals related to mechanical stress, microtrauma, and 
microfractures, which play a primary role in the stimula-
tion process of bone formation.1 Sclerostin plays an im-
portant role in osteocyte-osteoblast signaling.

The role of sclerostin in the 
regulation of bone turnover

Osteocytes are the bone cells with the longest longevity; 
they constitute 90–95% of all cells in human bone.2 Their 
role in bone formation is related to recruitment of pre-os-
teoblast precursors derived from mesenchymal stem cells by 
stimulation of the sclerostin-Wnt (Wingless-type signaling) 
signaling pathway.3 Mature osteoblasts regulate the bone 
remodeling processes through the production of  receptor 
activator for nuclear factor κB ligand (RANKL), regulated by 
17β-estradiol and parathyroid hormone (PTH) though re-
ceptors which include parathyroid hormone receptor type 1 
(PTHR1) and estrogen receptor β (ERβ).

Osteoblasts produce osteoid, bone matrix, and osteo-
calcin, which is a  specific marker of osteoblast activity. 
When embedded in the bone matrix, osteoblasts undergo 
transformation into osteocytes, and then increase the ex-
pression of such particles such as denin matrix protein-1 
(DMP1) and sclerostin.4 Sclerostin  is formed by osteo-
cytes and transferred by cytoplasmic extensions to osteo-
blasts, which are located on the surface of bone trabecu-
lae.5 In response to mechanical loads, osteocytes secrete 
sclerostin  through the modulation of  the transforming 
growth factor-β (TGF-β) dependent pathway.6

Sclerostin is a key molecule that inhibits osteoblast acti- 
vity (Fig. 1). It binds mostly to low-density lipoprotein re-
ceptor-related protein 5/6 (LPR5/6) and facilitates intracel-
lular actions.6,7 Activation of the Wnt/β-catenin pathway 
promotes osteoblastogenesis by stimulating osteoblast 
differentiation and inhibiting osteoclastogenesis by the 
RANK/ RANKL signaling pathway.8 According to a new 

concept, mechanical loads not only directly stimulate 
osteoblasts but mainly decrease the synthesis of  SMAD, 
a group of cytoplasmic signaling proteins in osteocytes that 
are necessary for the upregulation of SOST gene expression.

As a consequence, sclerostin production is decreased, 
which indirectly stimulates osteogenesis.9 Sclerostin can 
antagonize BMP signaling directly by inhibiting BMP7 
secretion. Sclerostin interacts with both the BMP7 pro- 
and mature domains, and leads to intracellular retention 
and proteasomal degradation of BMP7. Sclerostin exerts 
its potent catabolic effects on bone by antagonizing Wnt 
signaling in a paracrine and autocrine manner, as well as 
antagonizing BMP signaling selectively in the osteocytes 
that simultaneously synthesize both sclerostin and BMP7 
proteins. Wnt proteins are a family of glycoproteins that 
assist in triggering many signal pathways, which are im-
portant for the differentiation and regeneration of tissue.10 
Sclerostin is a Wnt-dependent protein that has a potent 
inhibitory effect on the Wnt/β-catenin  pathway, stimu-
lating osteogenesis by promoting the differentiation and 
proliferation of  osteoblasts, inhibition of  apoptosis and 
enhancement of  osteoid mineralization.11 The  signals 
conduction on the Wnt pathway represents a  critical 
point for bone metabolism.12 

Wnt/β-catenin  signaling is fundamental for osteoblast 
differentiation, by stimulating (RUNX2, DLX5, MSX2, 
OSX) or inhibiting (C / EBP-β / δ, C / EBP-α, PPAR-γ) the 
respective genes and related proteins; blocking development 
and differentiation of mesenchymal stromal cells of the adi-
pogenesis and chondrogenesis pathway.13 The control of the 
Wnt/β-catenin pathway is regulated by transcription factor 
Osterix (OSX), which is highly specific for osteoblasts.13

OSX factor is a target for sclerostin, which activates the 
promoter SOST and encodes sclerostin, which in turn in-
hibits Wnt signaling.11 Sclerostin  facilitates osteoblastic 
cell apoptosis through the activation of  caspases. Wnt 
proteins are a family of ligand-receptor Frizzled (Fzd) and 
are used to initiate the conduction of intracellular signal-
ing pathways, resulting in the stabilization of β-catenin, 
the main transducer in the Wnt signaling pathway.14 

β-catenin increases synthesis of osteoprotegerin (OPG), 
and the ratio of RANKL to OPG, inhibits osteoclastogen-
esis.15 Serum proteins, sclerostin and Dickkopf-1 (Dkk-1), 
act as soluble inhibitors of  the canonical Wnt signaling 
pathway, which has recently been identified as the signal-
ing pathway in PTH transduction.16

The canonical Wnt signaling path includes the forma-
tion of complexes of Wnt with frizzled receptors, as well 
as with co-receptor LRP5/6, resulting in  the accumula-
tion of  cytoplasmic β-catenin  and its translocation to 
the nucleus.17 The interaction of inhibitors (e.g., scleros-
tin) on the frizzled-glomerulus receptor and co-receptor 
LRP5/6, which binds to the Wnt protein signal, determines 
whether intracellular concentration of β-catenin will be 
high enough in the cell nucleus to cause a biological effect 
(stimulation of osteogenesis).15 
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Dkk-1 inhibits Wnt signaling by forming a  com-
plex with LRP5/6 and silicon, resulting in  the removal 
of LRP5/6 from the cell membrane. Antagonistic activity 
of the sclerostin-Wnt pathway requires silicon as a cofac-
tor, which in  turn antagonizes Dkk-1. This is a  subject 
of research.17 Also, as sclerostin increases mRNA expres-
sion of RANKL, this in turn activates nuclear factor κB, 
which further activates genes required for osteoclast dif-
ferentiation.18 In  the RANK/Osteoprotegerin/RANKL 
system, sclerostin decreases mRNA for OPG, which pro-
motes osteoclastogenesis and bone resorption.19 

As previously described, intracellular signal transduc-
tion is responsible for the control of  osteoblast develop-
ment, proliferation, differentiation, migration, and apop-
tosis.20 In  healthy bone, osteocytes maintain  a  balance 
between osteolysis and osteogenesis through the control 
of sclerostin secretion. The effect of mechanical forces and 
microtrauma of bone inhibit the secretion of sclerostin by 
osteocytes, intensifying the process of bone formation.21

Diseases related to genetic 
disorders of sclerostin

In  humans, sclerostin  is encoded by the SOST gene 
located on chromosome 17q12–q21. Loss of  scleros-
tin function was shown as the cause of massive amounts 
of  normal bone formation throughout life, due to the 
absence of  an efficient mechanism for the fine-tuning 
of BMP activity and bone formation.22,23 

There are 3 different craniotubular hyperostoses relat-
ed to the loss of SOST function. The first is sclerosteosis, 
which is a  homozygous SOST mutation (MIM 269500). 
The second, craniodiaphyseal dysplasia (CDD), is caused 
by a heterozygous SOST mutation (MIM 122860). Finally, 
van Buchem disease is caused by a 52-kb deletion approx. 
35 kb downstream of SOST that removes a SOST-specific 
regulatory element (MIM 239100). 

The concept of genotype-phenotype correlation in this 
group of disorders is tenable. Sclerosteosis 1 and van Bu-
chem disease are clinically and radiographically similar 
disorders.22 These disorders include osteosclerosis, no-
table osteopetrosis, which is characterized by increased 
bone density, with no bone overgrowth, and little or no 
disturbance of bones contours. Radiographic findings in-
clude widening (hyperostosis) of the calvarium, the base 
of the skull, and the shafts of tubular bones. SOST is the 
only gene known to be associated with sclerosteosis and 
van Buchem disease. CDD is characterized by abnormal 
modeling of  the skeleton and moderate sclerosis of  the 
calvarium and base of  the skull. The  manifestations 
of  van Buchem disease are generally milder than those 
of sclerosteosis and syndactyly is absent. The spectrum 
of SOST-related sclerotizing bone dysplasias includes an 
autosomal dominant form of  CDD.24 In  contrast, van 
Buchem disease is an autosomal recessive bone dyspla-

sia characterized by a symmetrically increased thickness 
of bones, most frequently found as an enlarged jawbone, 
but also as an enlargement of  the skull, ribs, diaphysis 
of long bones, as well as tubular bones of hands and feet, 
resulting in increased cortical bone density. The clinical 
consequences of the increased thickness of the skull in-
clude facial nerve palsy resulting in hearing loss, visual 
problems, neurologic pain, and very rarely, blindness re-
sulting from optic atrophy. Bone anomalies appear in the 
first decade of life and progress with age.25 

Sclerosteosis 1 is an uncommon, autosomal recessive, 
progressive sclerosing bone dysplasia characterized by 
generalized osteosclerosis and hyperostosis of  the skele-
ton, primarily affecting the skull, mandible, and diaphyse-
al regions of the long bones. In most patients, skull changes 
cause facial paralysis and hearing loss. Other features are 
gigantism and hand abnormalities. Carriers (heterozy-
gotes) of pathogenic SOST variants are not affected by any 
clinical symptoms of  sclerosteosis, but they undergo the 
process of bone turnover and exhibit bone mineral density 
at a level that is at an intermediate level between normal 
and affected individuals, demonstrating the body’s exqui-
site sensitivity to absolute levels of  sclerostin.26 In  CDD, 
the main phenotypic features are progressive overgrowth 
of  the craniofacial bones with deafness, facial palsy, 
and visual disturbance as a  result of  nerve entrapment.  
Radiologically, the cranial and facial bones are hyperos-
totic, while the diaphyses of the limb bones are expanded 
with thin cortices.24 Heterozygous SOST mutations have 
been documented also in CDD affected individuals in Po-
land.27 Apart from sclerosteosis 1, van Buchem disease, 
and CDD, no other simple genetic disorders are known 
to be associated with mutations in SOST. However, phe-
notypically similar sclerosteosis 2 may be caused by a mu-
tation of  LRP4 (low density lipoprotein  receptor-related 
protein  4) that is involved in  sclerostin  signal transduc-
tion (MIM 614305). Additionally, common non-coding 
polymorphisms in SOST were found to moderately affect 
bone mineral density in  the elderly, suggesting a role for 
varied SOST expression in  osteoporosis.28 As is the case 
with parathyroid hormone having anabolic properties, and 
hence excessive sclerostin-induced activation of the actu-
ating mechanism of cell proliferation by Wnt, it may also 
initiate the process of  tumorigenesis, which involves the 
risk of osteogenic sarcoma (osteosarcoma).29

Circulating sclerostin levels in 
relation to age, gender, menopausal 
status, bone mineral density, and 
postmenopausal osteoporosis

As was already mentioned, sclerostin  antagonizes ca-
nonical Wnt signaling by binding to Wnt co-receptors, 
LPR4, LPR5 and LPR5/6. The ineffective inhibition of Wnt  
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sclerostin levels, vitamin D should be mentioned. It was 
shown that a supraphysiological concentration of 1,25-di-
hydroxy vitamin D, following a loading dose of vitamin D, 
increases sclerostin and may inhibit Wnt signaling. This 
may have unexpectedly detrimental effects on the bone.34  
Increased sclerostin  levels and reduced bone mineral 
density have been documented in  adult patients with 
diabetes, predominantly in  those with type 2 diabetes 
(T2D). Circulating biochemical markers of bone forma-
tion, including P1NP, osteocalcin, and bone-specific al-
kaline phosphatase, have been found to be decreased 
in T2D and may be predictive for fractures independently 
of bone mineral density (BMD). Serum sclerostin  levels 
have been found to be increased in  T2D and appear to 
predict fracture risk independent of BMD.35 

Sclerostin levels and changes in bone metabolism have 
also been studied after bariatric surgery. Muschitz et al. 
described an increase in serum sclerostin that was posi-
tively correlated with CTX and P1NP increases but in-
versely correlated with BMD loss. Elevations of sclerostin, 
CTX, P1NP, but not DKK-1 and iPTH, were significant 
discriminating factors for BMD loss post procedure.36

Osteoporosis is a  systemic skeletal disease. This dis-
ease is characterized by low bone mineral density and 
microarchitecture weakening of  the bone tissue, and 
in consequence an increase in bone fragility and suscep-
tibility to low-trauma fractures. Post-menopausal women 
are predisposed to osteoporosis development due to es-
trogen deficiency affecting bone remodeling. Deficiency 
of vitamin D and calcium leads to impaired bone depo-
sition and increases bone resorption through increased 
secretion of parathyroid hormone (PTH) by parathyroid 
glands that react to low calcium levels.37 

In  postmenopausal osteoporosis estrogens deficiency 
enhance bone resorption. Osteocytes are not only the 
major source of  sclerostin, bone formation inhibitor, 
but also the source of receptor activator of NF-kB ligand 
(RANKL), an essential cytokine responsible for osteo-
clast activation and bone resorption in postmenopausal 
osteoporosis. In addition, there is some evidence for the 
role of abnormal sclerostin signaling in postmenopausal 
women. Recently increased methylation of SOST promot-
er was found in bone biopsies of postmenopausal women. 
It is considered as a compensatory, counteracting mecha-
nism, which lowers sclerostin production and reduces in-
hibition of Wnt signaling in an attempt to promote bone 
formation.38 However, serum sclerostin is unaffected by 
menopausal status or increase in age, perhaps due to kid-
ney aging accompanied by deterioration of their excreto-
ry and biodegradation functions. It is generally accepted 
that sclerostin  in  postmenopausal women reflects bone 
mineral density.39–41 

Morales-Santana et al. showed the association between 
circulating levels of  sclerostin and estradiol with an in-
adequate clinical outcome to bisphosphonate therapy 
in postmenopausal women with osteoporosis. Sclerostin 

signaling may be caused by decreased production of scleros-
tin (sclerosteosis 1, CDD, van Buchem disease) or defective 
sclerostin  binding to LPR4 (sclerosteosis 2). Aside from 
the group of rare genetic diseases, the observable variabi- 
lity of serum sclerostin levels affects BMD of both cortical 
and cancellous bone in  the general population. The mo-
lecular effect of sclerostin levels and BMD were studied by 
Reppe et al.30 They showed that the genetic and epigenetic 
changes in SOST influence its mRNA expression in bone 
and serum sclerostin  levels in  postmenopausal women. 
Serum sclerostin and bone SOST mRNA expression corre-
lated positively with age-adjusted and BMI-adjusted total 
hip BMD (r  =  0.47) and inversely to serum bone turnover 
markers. The  observations suggest that increased SOST 
promoter methylation, seen in osteoporosis, is a compen-
satory, counteracting, mechanism which lowers the pro-
duction of sclerostin  and reduces the inhibition of  Wnt 
signaling in an attempt to promote bone formation.30

Mödder et al. measured serum sclerostin levels in a popu- 
lation-based sample of  362 women: 123 premenopausal, 
152 postmenopausal not on estrogen treatment (ET), and 
87 postmenopausal on ET; and 318 men, aged 21–97 years. 
Sclerostin  levels were significantly higher in  men than 
in women, and increased markedly with age. When com-
pared to younger subjects, elderly individuals had higher 
serum sclerostin levels for a given amount of bone mass. 
It  has been suggested that circulating sclerostin  levels 
might reflect total-body skeletal mass, the larger skele- 
tal mass in  men may simply produce and release more 
sclerostin  into circulation. They also found that among 
postmenopausal women, serum sclerostin levels were sig-
nificantly lower in women on ET compared with untreated 
women. Sclerostin levels were significantly associated with 
age in  the combined group of  pre- and postmenopausal 
women not on ET (r = 0.52) and in men (r = 0.64).31

Estrogen signaling in  osteoblasts negatively regulates 
SOST expression in an indirect manner through interac-
tion with BMP2 signaling. This regulation involves the 
Wnt/ERα and β-catenin  pathways.32 Mirza et al. com-
pared serum sclerostin  levels in  premenopausal (mean 
age 26.8 years) and postmenopausal (mean age 56.8 
years) women and evaluated its relationship to estrogen, 
PTH, bone turnover, and bone mass. Postmenopausal 
women had lower values of  estradiol and free estrogen 
index (FEI), and significantly lower bone mineral density 
at all sites compared to premenopausal women; with no 
significant differences in  PTH, 25-hydroxy or 1,25-di-
hydroxy vitamin  D levels. Postmenopausal women had 
significantly higher serum sclerostin levels (1.16 ±0.38 vs 
0.48 ±0.15 ng/mL). There were significant negative cor-
relations between sclerostin  and FEI and PTH in  this 
group. Using multiple regression analysis, both FEI and 
PTH were found to be independent predictors of scleros-
tin levels in postmenopausal women. These findings sug-
gest that serum sclerostin  levels are regulated by both 
estrogens and PTH.33 Among other factors affecting 
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cause of disease are observed. In the pathogenesis of GIO, 
the main feature is the suppression of bone formation, de-
creasing the replication of  cells of  the osteoblastic line, 
as well as their differentiation and maturation. GIOP 
disrupts the normal function of osteoblasts by interfer-
ing with the signal Wnt/β-catenin pathway, which is the 
most important element of  regulating the life of  osteo-
blasts. This pathway is inhibited by Wnt-antagonists 
sclerostin  and Dkk-1. Animal and in  vitro studies have 
shown an over-expression of these antagonists with glu-
cocorticoid therapy. In  humans contradictory results 
have been shown, although most point to an increase 
in sclerostin serum levels, probably due to the dose and 
duration of  treatment.49 Bone loss and increased rate 
of fractures occur early after the initiation of corticoste-
roid therapy, and are then related to dosage and treatment 
duration. Bone fragility in GIOP is characterized by the 
rapidity of bone loss at the introduction of GCs, and the 
discrepancy between bone mineral density (BMD) and 
risk of fractures. The increase of fracture risk is not fully 
assessable by bone mineral density measurements, as it 
is also related to the alteration of  bone quality and in-
creased risk of falls.50

Circulating sclerostin levels  
and calcifications

There is a  hypothesis that sclerostin  might also play 
a  role in  the development of  aortic valve and vascular 
calcifications. Koos et al. evaluated serum sclerostin  lev-
els in  patients with different degrees of  aortic valve cal-
cification (AVC) compared to healthy controls and inves-
tigated local sclerostin  expression in  explanted calcified 
and non-calcified aortic valves. Patients with AVC showed 
increased sclerostin serum levels and revealed that the se-
verity of  AVC is proportional to sclerostin  serum levels. 
Moreover, the increased sclerostin expression was parallel 
to prototypic markers of  osteogenic transdifferentiation, 
indicating the role of sclerostin in the valvular calcification 
process.51 A study conducted by Hampson et al. confirms 
this hypothesis. They investigated the association between 
circulating concentrations of  Wnt inhibitors, Dkk-1 and 
sclerostin with bone mineral density, abdominal aortic cal-
cification (AAC), and arterial stiffness in post-menopausal 
women. A  significant positive correlation was observed 
between sclerostin and BMD at the femoral neck (r = 0.17) 
and total hip (r = 0.16). In adjusted linear regression analy-
sis, sclerostin was positively associated with AAC. Addi-
tionally, they showed that subjects with aortic pulse wave 
velocity (PWV) >  9 m/s had significantly higher serum 
sclerostin levels than those with PWV < 9 m/s (23.8 vs 29.7 
pmol/L).52 Recently, Kuipers et al. showed that increases by 
1 standard deviation of sclerostin levels are associated with 
a 1.61-times (95% CI 1.02–2.53) greater risk of having coro-
nary artery calcification.53

and estradiol levels were associated with the response to 
bisphosphonate therapy in women with postmenopausal 
osteoporosis. Also, sclerostin concentrations were asso-
ciated with the index of resistance to compression (IRC) 
in  the fractal analysis of  the distal radius, a  parameter 
of bone microstructure.42

Inflammatory diseases related  
to disorders of sclerostin

Rheumatoid arthritis (RA) and ankylosing spondylitis 
(AS) are 2 inflammatory joint diseases characterized by 
bone complications including osteoporosis. Bone loss, 
bone erosion, and systemic osteoporosis with an  in-
creased risk of  fractures are observed periarticularly 
in RA. Determinants of  fractures are underlying condi-
tions, severity of the disease, use of glucocorticoids and 
reduced physical activity. Prospective data showed that 
the optimal control of  inflammation in  RA is associat-
ed with a decrease in structural damage and bone loss.  
RA illustrates the role of inflammation on bone resorp-
tion. In AS, osteoporosis is an early event, related to in-
flammation and glucocorticoids use, increasing the risk 
for vertebral fractures. AS is characterized by progressive 
stiffness and ankylosis of  the spine and illustrates also 
the potential role of inflammation on local bone forma-
tion.43 Osteoclastogenesis is under the control of RANK-
ligand, which is produced by osteocytes in normal bone 
remodeling, but also by lymphocytes and fibroblasts 
in inflammation.44 Osteoclastogenesis can be stimulated 
by a  number of  cytokines, the main  pathway by Th  17 
cells subpopulation interleukin  (IL) IL-6 and IL-23.45 

A  major role in  bone remodeling process is played by 
autoimmunity, as antibodies against citrullinated pro-
teins (ACPAs) can increase osteoclast numbers and their 
activity through citrullinated vimentin  located at the 
surface of  precursors and cells (through a  TNF-α local  
effect).46 Tumor necrosis factor α (TNF-α) transgenic 
mice are models of osteoporosis with a dramatic decrease 
in bone mass and impairment of bone microarchitecture. 
Overexpression of  sclerostin  with inflammation-related 
decrease in bone formation has been observed in animal 
models. Therefore, sclerostin inhibition is considered as 
a potential, powerful tool to enhance bone repair in in-
flammatory arthritis.47 In a research study on an experi-
mental model in mice, Yao et al. showed that treatment 
with monoclonal antibody against sclerostin  (Scl-Ab) 
prevented glucocorticoid (GC)-induced reduction in both 
trabecular and cortical bone mass and strength, and ap-
peared to maintain osteoblast activity through autopha-
gy.48 Glucocorticoids increase the expression of Wnt sig-
naling antagonists (sclerostin and Dkk-1) in experimental 
studies on rodents. In humans, especially in young gluco-
corticoid-induced osteoporosis (GIO), the most common 
form of  secondary osteoporosis and the first iatrogenic 
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Sclerostin in chronic kidney 
disease

Of the multiple disorders developing in  patients with  
chronic kidney disease (CKD), of particular interest here 
are mineral and bone disorders coexisting with vascular 
calcification, called CKD-MBD (chronic kidney disease 
– mineral and bone disorders). This disorder enhances 
with a decrease in glomerular filtration, phosphate reten-
tion, and insufficient renal hydroxylation of  25-OH-D3, 
which results in reduced absorption of calcium from the 
gastrointestinal tract, increased secretion of  PTH (sec-
ondary hyperparathyroidism) and fibroblast growth fac-
tor 23 (FGF23).54 One of the components of CKD-MBD 
is  vascular calcification, in  particular on the middle 
membrane of muscular arteries (Moenckeberg type) that 
increase arterial stiffness. This type of  calcification re-
sults in the increase in systolic and decrease in diastolic 
blood pressure, followed by an increase in the afterload 
and hypertrophy of  the left ventricle and the reduc-
tion of  coronary blood flow in  diastole.55 These chang-
es are associated with increased cardiovascular risk.56 
The main factor stimulating transformation of vascular 
smooth muscle cells (VSMC) to osteoblast-like cells is 
hyperphosphatemia. Experimental studies have shown 
that hyperphosphatemia in VSMC increases methylation 
of the DNA sequence of the promoter and hence inhib-
its expression of  the gene transgeline (SM22α), a  pro-
tein  specific to muscle cells, and increase expression 
of  the transcription factor RUNX2 (runt-related tran-
scription factor 2).57 The increased expression and activa-
tion of RUNX2 (resulting in phosphorylation-dependent 
mitogen-activated protein  kinase (MAPK) initiates the 
transformation VSMC to osteoblasts-like cells.58 The fac-
tors intensifying the process of  vascular calcification 
probably include sclerostin  and FGF-23. Experimental 
studies show increased expression of sclerostin in VSMC 
during calcification.59 In the case of FGF23, we have only 
indirect evidence in the form of increased cardiovascular 
mortality in  CKD patients, including those on dialysis, 
with higher concentrations of FGF23 in the circulation.60 
It  would, therefore, be expected that higher concentra-
tions of sclerostin, like those of FGF-23, should increase 
cardiovascular risk, but there is conflicting evidence.61 
Some studies show no association between sclerostin and 
mortality.62

The  decrease in  GFR and concomitant reduction 
of sclerostin biodegradation is potentially the main cause 
of the increased concentrations of this protein in circula-
tion, despite increases in the fraction excreted into urine 
with the progression of CKD.63,64 As with subjects having 
normal renal function, higher concentrations of scleros-
tin  occurs in  men, which can be explained by  a  higher 
bone mass and indirectly a  greater number of  osteo-
cytes.65 The  relationship between the concentration 
of  phosphorus and sclerostin  (independent from GFR) 

indicates its potential contribution to the regulation of its 
secretion by osteocytes.66 Ishimura et al. showed that se-
rum sclerostin was significantly and independently asso-
ciated with BMD. The BMD in the distal 1/3 of the radius 
and in the ultradistal radius both correlated significantly 
and positively with serum sclerostin  levels (r  =  0.45). 
In multiple regression analysis, serum sclerostin was as-
sociated significantly and independently with BMD, after 
adjustment for age, hemodialysis duration, and bone me-
tabolism markers.67 Delanaye et al. confirmed the pres-
ence of higher concentrations of sclerostin  in hemodia-
lyzed patients (HD), a positive association with age and 
a negative association with PTH.62 

Logically, the accumulation of  sclerostin  in  circula-
tion should lead to a stronger inhibition of osteoblasts 
and lower level of bone formation. However, lower bone 
turnover and increased bone resorption was observed. 
It was demonstrated that CKD-MBD is associated with 
a  higher risk of  cardiovascular disease, increased vas-
cular calcification, and circulating levels of  α-klotho 
protein, FGF23, and sclerostin. Even in the early stages 
of CKD, a reduction in α-klotho protein content in ves-
sels was shown to stimulate osteoblast transition in the 
arterial wall, secretion of  proteins by osteocytes, and 
to inhibit bone remodeling.68 Contrary to sclerostin, 
the concentration of  DKK-1, an inhibitor of  Wnt sig-
naling pathway, and PTH signal transduction, was not 
increased in dialysis patients with end-stage renal fail-
ure (stage 5 CKD). Additionally, an inverse correlation 
between concentrations of  iPTH and sclerostin, and 
between sclerostin and histomorphometric parameters 
of  bone turnover, even after adjusting for age, gender, 
hemodialysis vintage, presence of  diabetes, and vita-
min D treatment was shown. The observed correlation 
between sclerostin and cancellous bone volume was lost 
in multiple regression analysis.17 Contrary serum Dkk-1 
levels did not correlate with iPTH or with any histomor-
phometric parameter of bone turnover.17 According to 
the study of Pelletier et al., serum sclerostin variability 
in CKD patients was explained by GFR, sex, and serum 
phosphate activity in  multiple regression analysis.16 
These results suggest that serum phosphate may stimu-
late sclerostin synthesis by osteocytes, but does not un-
cover the potential mechanism hiding beneath and does 
not explain  previously observed inverse relation with 
iPTH.16,17 

Antisclerostin antibodies  
in established and potential 
therapies

Inhibition of sclerostin, a glycoprotein secreted by os-
teocytes, offers a new therapeutic paradigm for treatment 
of osteoporosis. Blosozumab treatment resulted in statis-
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tically significant dose-related increases in spine, femoral 
neck, and total hip BMD compared with placebo. In the 
highest dose group, BMD increases from baseline reached 
17.7% at the spine, and 6.2% at the total hip. Biochemi-
cal markers of bone formation increased rapidly during 
blosozumab treatment and trended toward pretreatment 
levels by the end of the study. These results support fur-
ther study of blosozumab as a potential anabolic therapy 
for osteoporosis.69

For the prevention of  fractures, antiresorptive drugs 
(bisphosphonates and denosumab) that decrease high 
bone resorption and, secondarily, also bone formation, 
are the mainstream of therapy. Osteoanabolic drugs, such 
as teriparatide, increase bone formation more than bone 

resorption and are used in severe osteoporosis, including 
patients treated with antiresorptive drugs in  those who 
still lose bone and have recurrent fractures. New potential 
drugs for fracture prevention that uncouple bone resorp-
tion from bone formation include odanacatib, a specific in-
hibitor of cathepsin-K, the enzyme that degrades bone col-
lagen type I, inhibits bone resorption and temporarily bone 
formation, and monoclonal antibodies against scleros-
tin (romosozumab, blosozumab), that stimulate bone for-
mation and decrease bone resorption.70 Regardless of the 
uncertain  role of  sclerostin  in  the pathogenesis of  post-
menopausal osteoporosis, its neutralization is an interest-
ing target for treatment of  bone disease. McClung et al. 
showed that neutralization of  sclerostin  with a  human-
ized monoclonal antibody (romosozumab) significantly 
improved bone mineral density in osteoporotic women.71 
The  treatment of  postmenopausal women with an anti-
body targeted against sclerostin resulted in substantial in-
creases in spine and hip BMD. These results are supported 
by study of  blosozumab as a  potential anabolic therapy 
for osteoporosis. A randomized, double-blinded, phase 2 
clinical trial of blosozumab, a sclerostin antibody, in post-
menopausal women with low bone mineral density.69 

It has not been established how antisclerostin antibod-
ies affect vascular calcifications. In  CKD patients, os-
teoporosis and CKD-MBD often occur simultaneously. 
Blosozumab may potentially be considered as a therapeu-
tic approach in CKD-MBD; however, the antibody dos-
ing, efficacy, or safety in patients with CKD has yet to be 
determined.
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Abstract
Pediatric patients suffering from valve bladder syndrome (VBS) are at risk of developing chronic kidney dis-
ease (CKD) and renal failure in later life. Therefore, it is of vital importance to determine the risk factors and 
the best possible strategies for diagnosis and treatment in patients with VBS that would minimize the risk 
of developing CKD. In this review we have presented the current knowledge of CKD risk factors in patients 
with posterior urethal value (PUV). We have also discussed possible recommendations for prenatal diag-
nostics procedures to be undertaken in patients with PUV, postnatal monitoring and therapeutic strategies 
that could reduce the risk of developing CKD in this population. Although in most cases there are no clear 
guidelines for appropriate clinical actions that can be undertaken in patients with PUV to minimize the risk 
of kidney failure, we have tried to present concise and accurate advice for physicians taking care of patients 
with PUV.
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Introduction

In children, congenital obstructive uropathies are the 
cause of  30–60% of  chronic kidney disease (CKD) cas-
es. Among these, posterior urethral valve (PUV) in boys 
is the most prevalent. Obstructions in the urinary tract 
lead to its functional and anatomical changes, and then 
to the development of CKD.1,2

Fetal development of  the urinary tract is a very com-
plex process, involving a number of genes.3 The process 
of nephrogenesis begins between the 3rd and the 4th week 
of  gestation, and according to Hennus et al., the onset 
of histological changes that lead to PUV formation can be 
observed already in the 4th week of the fetal life.4 Around 
95% cases of PUVs result from abnormal insertion of the 
mesonephric ducts into the cloaca, followed by formation 
of anomalous ridges or folds.5 PUV increases the residual 
urine volume after bladder voiding. In 1919, Young dis-
tinguished 3 types of PUV: type I (folds which originate 
from the distal edge of  the colliculus) – most often ob-
served, type II (folds, originating from the proximal edge 
of the colliculus), and type III – with the worst progno-
sis (a membrane with a central hole, not linked with the 
colliculus).6 Modern therapeutic procedure involve en-
doscopic valve ablation (through urethra) shortly after 
the birth, but in some cases, especially in prenatal babies 
with too small urethras, temporary vesicostomy may be 
necessary.7,8 Even early surgical intervention is usually in-
sufficient, and patients with PUV develop valve bladder 
syndrome (VBS); in  25–45% CKD will develop eventu-
ally.7 Obstruction of the urine flow resulting from PUV 
leads to various, sometimes life-threatening consequenc-
es (Fig. 1).

Valve bladder syndrome (VBS) was described by 
Mitchell (1982) as a  complication of  PUV, resulting 
in a combination of persistent upper urinary tract dila-
tation, hypertrophy of  the bladder walls, vesicoureteral 
reflux, and hydronephrosis. All these changes may lead 
to various kidney injuries and compromise urinary blad-
der functions.1 Patients with VBS demonstrate con-
siderably reduced contractility of  detrusors, increased 
bladder compliance and a  higher post-voiding residual 
(PVR). These parameters are described as the risk factors  
of dilatation of  the upper urinary tract. Phases of valve 
bladder development can be described as follows: ini-
tially, in  infants, the bladder is  growing in  mass, has 
small capacity and increased contractility. It  is  usually 
almost empty, and the voiding pressure is high.9 In  the 
next 3 years from valve ablation, in compensated stage, 
volume of  the bladder increases, and the pressures are 
maintained above the control level, because of abnormal-
ity in smooth muscles, contractility gradually decreases 
leading to a bladder instability.9 In the last phase, decom-
pensation of  bladder functioning is  clinically apparent; 
the bladder capacity progressively increases, but bladder 
compliance, contractility and emptying are decreased  
(so called myogenic bladder insufficiency).10

Another serious complication of PUV exerting adverse 
effects on fetal development is  oligohydramnios, which 
can cause the death of the fetus.

In almost two-thirds of  the children with PUV, CKD 
will develop, and 11–51% of this population will progress 
to ESRD around the age of puberty.11

Optimal diagnostic and therapeutic procedures that 
will reduce the complications of PUV are of vital impor-
tance. For example, Bhadoo D. et al. proposed the “step 
ladder” of PUV treatment: 

• valve ablation/vesicostomy,
• USPCN: Ultrasound guided percutaneous nephros-

tomy,
• ureterostomy.
In the analyzed cases, the primary endoscopic valve ab-

lation was the most common initial procedure. Chronic 
renal failure was seen in 42.7% of  the patients. In  their 
study, the high prognostic significance of  initial serum 
creatinine, PRA levels and GFR for developing CKD 
in patients with PUV was confirmed.12

CKD risk factors

Many prognostic factors for future renal function 
in patients with PUV have been proposed.1,2,8 A system-
atic monitoring of  these indicators is  necessary for the 
appropriate selection of treatment methods and the time  
of  their implementation, optimal for delaying the on-
set of  CKD or slowing its progression. Most important  
of  those prognostic factors include: the age at the time  
of  diagnosis, the serum creatinine level, considerable 

Fig. 1. Consequences of the obstruction of the urine flow
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vesicoureteral reflux, renal dysplasia, and the presence or 
lack of the bladder dysfunction (Table 1). 

A  separate problem concerns renal prognosis  for 
patients diagnosed in  utero with PUV. Some authors 
suggest the important role of  fetal urine analysis.  
According to Lipitz et al., sodium, calcium, and beta 
2-microglobulin  in  fetal urine were the best predic-
tors for fetal survival.13 Muller et al. have assessed 
that the  prediction of  postnatal renal function can be 
based on the fetal urinary concentration of beta 2-mi-
croglobulin  as it was both specific and sensitive test, 
whereas other parameters lacked either specificity (so-
dium, chloride, and urea levels) or sensitivity (fetal uri-
nary glucose, phosphorus, calcium, ammonium, and 
total proteins).14 Another investigated parameter is  fe-
tal serum beta 2-microglobulin, whose concentration 
might be independent from gestational age.15 Neverthe-
less, there is  still no consensus over the value of  fetal 
urine assessment in CKD prognosis. For example, Mor-
ris et al. in their systematic review defined calcium and 
sodium levels as the most accurate predictors, and at the 
same time stated that current research is insufficient to 
determine the optimal, biochemical prognostic markers 
of postnatal renal function in PUV patients.16

Age at the time of diagnosis 

The diagnosis of PUV at an early age is associated with 
a poor prognosis of  further renal function and high in-
cidence of CKD development. It  is possible that this as-
sociation is due to the fact that early diagnosis  is often 
a result of more severe anatomical anomalies.7,9,17,18 

Nadir serum creatinine concentration

It is accepted that the nadir serum creatinine concen-
tration equal to or higher than 1 mg/dL in  the 1st year 
of  life demonstrates a  strong association with a  higher 
probability of developing CKD and worse prognosis of its 
progression to ESRD.7,9,17–19 Some researchers postulate 
the importance of high serum creatinine concentration 
on the diagnosis of PUV as a negative prognostic factor 
of developing CKD or nadir serum creatinine concentra-
tion after valve ablation.20,21

Glomerular filtration rate

Also, the decline in eGFR in the 1st year of life is wide-
ly reported as a  negative prognostic factor of  developing 

Table 1. The risk factors of developing chronic renal disease (patients before and after PUV ablation)

Laboratory findings Kidney ultrasound 
image Patient’s history Co-existing anomalies 

of urinary tract Surgical procedures Urodynamic tests

nadir serum creatinine 
≥ 1.0 mg/dL

kidney dysplasia (small 
renal volume  

(<3 percentile)

age at presentation 
before 1 year

bilateral vesicoureteral 
reflux, hydronephrosis

late surgical 
intervention

excessive bladder 
contraction and low 

bladder capacity 
in infants

reduced eGFR  
at 1 year of age  

< 90 mL/min/1.73 m2
kidney scarring

urinary incontinence at 
the age >5 years

bladder dysfunction 
– low susceptibility, 

detrusor overactivity, 
urinary retention

increase in bladder 
capacity, resolution 

of excessive 
contraction, unstable 
bladder function over 
3 years from the valve 

ablation

creatinine  
> 1.0 mg/dL  

at 
diagnosis of posterior 

urethral valves

small RPA (renal 
parenchymal area) – 

RPA’s growth of  
1 cm2 correlated with 
a decrease in the risk 
of ESRD), the cut-off 
point in the study 

assumed at the size 
of 12.4 cm2 (boys with 

RPA < 12.4 cm2 showed 
progression to ESRD  
10 times more likely 

than those with  
RPA ≥ 12.4 cm2)

growth impairment
progression with age 
to a large myogenic 
insufficient bladder

high concentration 
of urea nitrogen 
in blood serum

increased echogenicity
over 3 episodes 

of febrile UTI

proteinuria
abnormal distribution 
of core / kidney cortex 

ratio
hypertension

metabolic acidosis
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diagnostic indicators of PUV in prenatal US imaging are:  
the increased thickness of the bladder wall and the dila-
tation of the bladder. Another US measurement is longi-
tudinal bladder dimension (associated with a poor renal 
prognosis when it exceeds 15 mm).11,26

Assessment of fetal renal function 

Fetal urine analysis is being currently investigated as an 
excellent diagnostic tool for predicting the future renal 
function in patients with PUV. One of the laboratory values 
used as a predictor is  the urinary sodium concentration, 
which helps to determine the function of  renal tubules. 
The normal value for fetal urinary sodium concentration 
is below 90 mmol/L between the 20th and the 30th week 
of  gestation. Sodium levels in  urine above 100  mmol/L 
have been found to indicate a condition threatening fetal 
life (usually either renal or pulmonary failure).13,27 

Beta 2-microglobulin is freely filtered by the normal fe-
tal glomeruli and nearly in 100% reabsorbed in the proxi-
mal tubules, thus it can be useful as an indicator of fetal 
glomerular filtration rate (GFR). It also has a predictive 
value as to postnatal GFR. Beta 2-microglobulin detect-
ed in the urine suggests an impairment in renal tubules 
function.13,20,27 Other prognostic factors in  fetal urine 
analysis, such as its specific gravity, osmolality, and the 
excreted volume have been defined by Glick et al.28

Tests assessing the beta 2-microglobulin in fetal urine 
and N-acetyl-beta-D-glucosaminidase (NAG) concentra-
tion in serum have been recently used to evaluate the de-
gree of damage of renal parenchyma (their concentration 
is proportional to the extent of damage). The concentra-
tion of beta 2-microglobulin above 4 mg/L and cystatin C 
levels above 1 mg/L, and the NAG levels above 6 mg/dL 
are thought to be poor prognostic factors for postnatal 
renal function.13,20,27,29,30

Postnatal monitoring

Voiding cystourethrography 

In male newborns with prenatally diagnosed hydrone-
phrosis and a “keyhole” image in US examination, asso-
ciated with a high PUV probability, a prompt, extended 
diagnostics of the urinary system is recommended. Cys-
tography has been established as a  diagnostic “golden 
standard” (Fig. 2). For example, performing voiding 
cystourethrography (VCUG) in  these cases (prenatally 
diagnosed hydronephrosis with high probability of vesi-
coureteral reflux or lower urinary tract pathologies) has 
been recommended by the Society for Fetal Urology and 
Canadian Urological association.31 VCUG can be per-
formed without anesthesia. It reveals residual urine and 
vesicoureteral reflux, and is also useful in the assessment 
of detrusor and bladder neck activity.7,32

CKD.22,23 In 2003, Osama demonstrated that when the 
clearance of creatinine was lower than 60 mL/min/1.73 m2, 
the prognosis  for renal failure in  the future would be at 
approximately 50%, while for creatinine clearance above  
90 mL/min/1.73 m2, the incidence of renal failure would 
decrease to 27%.17

Some other factors are also considered in assessing the 
risk of developing CKD in  the future or its progression 
to ESRD. The most often mentioned amongst them are:  
the existence of  renal dysplasia, vesicoureteral reflux, 
various bladder dysfunctions (reduced contractility of de-
trusors, decreased bladder compliance, etc.), proteinuria 
and hypertension, more than 3 episodes of urinary tract 
infections (UTI) and late surgical intervention.1,7,9,17–20

Prenatal diagnostic strategies

Choosing an appropriate diagnostic path is of extreme 
importance in patients with PUV. Early diagnosis is nec-
essary for implementing therapeutic procedures that will 
minimize CKD development in  those patients, and re-
duce the rate of progression to ESRD.

Ultrasound 

Ultrasound (US) imaging is used to visualize anatomi-
cal anomalies of fetal bladder in the 1st trimester of preg-
nancy and dilatation in the urinary tract from 18th–20th 
week of  gestation. Such findings usually provide an in-
sight into potential pathologies within the urinary tract, 
and can also be a marker of karyotype abnormalities.24

PUV patients present a  certain  set of  characteristic 
ultrasound features, mainly a dilatation of the posterior 
urethra, thickening of the urinary bladder wall (so-called 
“keyhole” sign) and dilatation within  the upper urinary 
tract. When those features coexist with renal parenchy-
ma pathology, oligohydramnios and pulmonary hypo-
plasia, identified before the 24th week of pregnancy, they 
may constitute the reason for in utero surgical therapy. 
Unfortunately, US imaging is still an imperfect method, 
with significant limitations. For example, in the prenatal 
cases suspected of PUV analyzed by Hutton, the anomaly 
was confirmed after birth in only 42% of the newborns.10 
The keyhole sign in US imaging is not predictive of clas-
sic posterior urethral valves and the diagnosis of “PUV” 
is  sometimes made without positively identifying valve 
tissue. Type I PUV cannot be differentiated from other 
forms of obstruction (such as urethral diaphragm, atre-
sia, etc.) by traditional ultrasonography.18,25 Some ultra-
sound specialists recognize that the resolution of today’s 
ultrasonography is insufficient to provide a more precise 
anatomical diagnosis. Following a  series of  observa-
tions in 2009, Bernardes LS et al. found that the classi-
cal prenatal ultrasound, used to diagnose PUV, showed 
high sensitivity but low specificity.25 Currently, the best  
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tion), that PVR and maximum bladder capacity (MBC) 
increase with age after the procedure. Multiple bladder 
dysfunctions can be diagnosed accurately using urody-
namics.19

Management strategies 

An early diagnosis of PUV with its complications, in-
cluding VBS, and the application of the right treatment at 
the right time is of key importance for the prognosis, and 
may prevent or delay CKD in the future. 

Unfortunately, even after successful valve ablation 
some degree of bladder dysfunction will develop in most 
of  the patients. This  is  true even for PUV patients who 
have been surgically treated at a  very early stage of  the 
disease.7,19 Therefore, patients with PUV require constant 
monitoring, also after surgical procedure, in order to de-
tect symptoms of VBS early enough to undertake possible 
preventive methods.

Multi-center observations estimate the incidence 
of CKD in the population of boys with PUV at 10–30.4% 
(in  the age group from the 1st month of  life 
up  to  18  years).18,35 Early diagnosis  due to prenatal ex-
aminations (diagnostics imaging, laboratory assays, etc.) 
together with timely surgical interventions in utero have 
led to a significant decrease of mortality, and improved 
overall health in this group of patients.20,29 Nevertheless, 
we still lack the clear guidelines for the best type of surgi-
cal procedure, and each case needs individual assessment 
of possible risks and gains. 

Strategies of limiting the risk of developing CKD in pa-
tients with VBS include diagnostic imaging, laboratory 
tests and therapeutic procedures. The latter are not only 
surgical interventions (including in utero), but also phar-
macotherapy and other procedures, which mainly aim 
at reducing the residual urine in the bladder. 

Treatment possibilities

Modern surgical techniques allow for PUV ablation 
performed in  utero. In  that case the procedure car-
ries a  significant risk of  complications, such as fetal 
injury or even fetal or maternal death. For example, 
Sananes N. et al. reported 2-year outcomes after thera- 
peutic fetal cystoscopy with ablation of  PUV, where 
only 57% of infants survived.36 This is why intrauterine 
surgeries are reserved for exceptional cases (Fig. 4, 5). 
There is  still a  lack of  consensus as to the advantages 
of  intrauterine intervention over surgery after birth.29 
Intrauterine treatment currently is  limited to cases 
of  fetuses with oligohydramnios and diagnosed before 
the 2nd trimester.10,19 There are 3 possible treatments: 
amnio-bladder valve, vesicostomy and fetal endoscopic 
valve ablation, and none of them has definite advantage 
supported by evidence.8

Urodynamic studies

Pathophysiological changes leading to urinary blad-
der dysfunction and deterioration in upper urinary tract 
functions in patients with PUV seem to occur even de-
spite an early diagnosis and valve ablation.

Urodynamic tests in children are employed as an effec-
tive way to establish the urodynamic pattern of the blad-
der, and implement appropriate treatment. In their study 
involving patients with PUV, Capitanucci et al. compared 
the usefulness of  noninvasive urodynamic evaluation  
vs invasive urodynamics in  detecting lower urinary 
tract dysfunction and preventing CKD development. 
They have found similar effectiveness and safety of both 
approaches. Some patients experience strong discomfort 
during invasive urodynamic studies, and many decline 
further procedures. This gives the noninvasive approach 
an advantage. There are no clear guidelines regarding 
the frequency of performing urodynamic studies. How-
ever, it seems to be reasonable to perform them with each 
change in employed therapeutic method.33

Late diagnosis of PUV

Most of  the children with PUV are diagnosed before 
birth, during a prenatal ultrasound. Sometimes, however, 
there are no symptoms at this stage, so the disease can 
go undiagnosed into childhood. Zornoza et al. described  
8 cases of  late diagnosed PUV in  children between  
1 and 14 years of age. Five patients had symptoms related 
to voiding dysfunction, and the other 3 were diagnosed 
incidentally during cystoscopy performed for another 
reason. All patients were operated, and after a 20-month 
follow-up no stenosis were diagnosed. Voiding cystoure-
throgram (VCUG) is  a  much more specific method for 
diagnosing PUV than an ultrasound. Diagnosis can also 
be made by cystoscopy, where a small camera is inserted 
into the urethra for direct visualization of the posteriorly 
positioned valve, and this  method is  recommended by 
Zornoza et al. in any case of urinary retention.34

An urodynamic investigation of  valve bladder syn-
drome is very important. Wen et al. reported in an urody-
namic study, performed in 2 groups of patients (less than 
1 year and more than 1 year after urethral valve fulgura-

Fig. 2. Golden diagnostic standard for patients with prenatal suspicion of PUV
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• clean, intermittent catheterization (CIC) that allows 
for effective emptying of the bladder, also preventing 
urinary blockage and reducing risk of recurrent uri-
nary tract infections;9,10,18,22,39,40

• as recurring urinary tract infections (UTI) are one 
of  risk factors for CKD development in VBS patients, 
some authors concentrated on assessing various pre-
ventative methods. The clear rules of antibiotic preven-
tive therapy has not been established, some recommend 
trimethoprim 1–2 mg nightly dose until vesicoureteral 
reflux recedes or age of  4–5 years.10,37 Interestingly, 
many authors quote arguments of  the positive effects 
of  circumcision in  UTI prevention in  children with 
PUV;11,37 

• some other methods for reducing urinary retention 
in  the bladder include pelvic floor muscles exercise 
and Valsalva maneuver.10,18

When all of  the methods mentioned above are insuf-
ficient in reducing urine retention and improving bladder 
voiding, surgical procedures are performed:

• bladder augmentation, traditionally enterocystoplasty, 
but recently more popular ureterocystoplasty, which 
retains histological structure of the urinary tract;9,10

• high ureter diversion (various versions: vesicostomy, 
percutaneous ureterostomy, pyelostomy, nephros-
tomy, etc.) is controversial due to the lack of strong 
evidence that it can prevent CKD;9

• Mitrofanoff appendicovesicostomy is  one of  the 
treatments of the valve bladder syndrome that allows 
patients clean intermittent catheterization and over-
night drainage when catheterization is  impossible. 
King et al. reported that this  way of  treatment can 
achieve significant improvements in  decreasing hy-
dronephrosis and urodynamic parameters of bladder 
dysfunction. However, it does not prevent renal dete-
rioration and progression to CKD.1,10,21

All treatment possibilities listed above are illustrated 
in Fig. 3.

Performing the valve ablation alone, without urody-
namic follow-up, is  inappropriate. Urinary diversion 
is still a very popular procedure, but recent studies sug-
gest that in most cases in which diversion is considered, 

Fig. 3. Management of urine incontinence in VBS

Fig. 4. Steps to take before choosing the intrauterine intervention

Fig. 5. Biochemical markers of good prognosis

A  proper understanding of  the molecular pathways, 
which are activated in damaged cells of the bladder wall, 
allows for appropriate pharmacological intervention 
in order to improve its function.4,22 Modern pharmaco-
therapy in VBS uses drugs like:

• cholinolytics (e.g., oxybutynin  – 0.2 mg/kg/24 h), 
which decrease hyper-contractility of  the bladder; 
therapy should be started right after valve ablation, 
even when urine incontinence is not presented; their 
use in the long term leads to a myogenic bladder fail-
ure – then it is recommended to use the CIC (clean, 
intermittent catheterization), but sometimes, after 
discontinuation of cholinolytic, the bladder function 
normalizes on its own;9,18,19,37,38

• alpha-blockers (e.g., terazosin  – 0.25–2 mg), which 
help in bladder voiding; their use is particularly ad-
visable when obstruction in bladder neck is suspect-
ed cause of ineffective voiding.10

Other drugs that are being tested in patients with VBS 
are aimed at reversing histological changes in the bladder 
(mainly ACEI and various growth factors inhibitors).39

Non-pharmacological procedures used in  VBS man-
agement include:

• timed bladder voiding, double or even triple bladder 
voiding;10,18,38,39
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those same patients can be treated with proactive uro-
dynamics and anticholinergic therapy achieving simi-
lar results. It  is  still unclear if growth factor inhibitors 
or angiotensin converting enzyme inhibitors have a role 
in preventing or reversing the histological changes of the 
valve bladder.39

Summary 

PUV is  a  congenital, obstructive uropathy leading 
to  the valve bladder syndrome, which in  turn results 
in the development of CKD. Active urodynamic monitor-
ing of the PUV patients plays a significant role in the pre-
vention of bladder dysfunction, CKD development and its 
progression to ESRD.

Early diagnosis  is currently possible even before birth 
(thanks to ultrasound, fetal urine analysis and some bio-
chemical tests of fetal blood). At later stages cystography 
and urodynamic tests are essential to monitor the PUV 
patients, and determine the risk of developing CKD. 

The therapeutic methods for preventing or minimizing 
VBS vary from surgical approach (which can be imple-
mented in  utero) through some mechanical procedures 
(such as timed bladder voiding and CIC) to pharmaco-
logical management. 

Due to the fact that cytological changes in the urinary 
tract, observed in  children with PUV, are irreversible, 
medical intervention ought to be carried out with due 
haste after the diagnosis, but prenatal procedures, carry-
ing a high risk of complications, are still reserved for the 
minority of cases.
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Abstract
Some degree of congenital or acquired asymmetry is normal and universal. Significant facial asymmetry, 
however, causes both aesthetic, as well as functional problems. The comprehensive management of  fa-
cial symmetry is scarcely addressed.1–5 Differing etiologies, heterogeneous material, and different ages 
of patients tend to produce fragmentary reports, the more so as evidence-based evaluation of outcomes 
is almost impossible. Therefore, a presentation of the general rules of treatment, illustrated by our own 
material collected from the Hospital and Clinic of Plastic Surgery in Polanica-Zdrój and from private surgi-
cal and orthodontic practice, could be regarded as useful and justified. Special attention has been given 
to both functional and cosmetic problems encountered in severe congenital and acquired asymmetries. 
The management of selected craniofacial malformations in so-called rare clefts, cleft lip and palate, and 
craniofacial microsomia (CFM), as well as large hemangiomas and neurofibromas, have been discussed.  
Additionally, the treatment of extensive and asymmetrical post-traumatic deformities and defects is dis-
cussed with particular attention given to problems related to ankylosis of the temporomandibular joints. Nu-
merous examples of one-stage procedures, as well as combined, multidisciplinary treatments are presented.

Key words: trauma, congenital malformations, facial asymmetry, surgical and orthodontic treatment, 
tumors
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Introduction

Symmetry is one of the key elements, which affects the 
sense of esthetics and identifies the standards of beauty. 
In  architecture and the arts, it usually evokes a  feeling 
of  order, proportion, and elegance. The  classical Greek 
Parthenon or the Vitruvian Man are invariably associ-
ated with perfection and beauty, although, paradoxically,  
it is still pleasant to look at the asymmetric Sagrada Famí-
lia or Picasso’s Self-Portrait.

In the animal world, good proportions and symmetry 
indirectly demonstrate health, strength, and the chances 
of favourable reproduction. In humans, it has an impact 
on relationships, better quality of life, and higher social 
status. Thus, deer with impressive antlers are not only the 
source of jokes and a symbol of infidelity, but also an al-
legory of strength, attractiveness, and beauty.

Perfection may be a pattern, but should not be consid-
ered the norm, because finding yourself below a certain 
threshold would be depressing and difficult to imagine. 
Moreover, it is worth remembering that the length of the 
upper limbs of the famous statue of David are not equal, 
and that the halves of the Mona Lisa’s face are not bal-
anced. Despite this, both masterpieces are considered 
to be beautiful, which proves that certain disorders and 
imperfections in symmetry are acceptable and even 
beneficial. Therefore, the problem is in their structure 
and intensity. Acceptance of this assumption alleviates 
the perception of asymmetry. However, it only slightly  
affects the feelings of the affected persons, which results 
from both social reactions and a  level of personal ac-
ceptance. Apart from an actual or simulated perception  
of imperfect beauty, it happens that even small deviations 
from the standard appearance grow into difficult-to-
solve problems. The  effectiveness of the most sophisti-
cated therapies and psychotherapeutic programmes usu-
ally ends where contact with a society devoid of empathy 
begins.

In  some cases, facial asymmetry is accompanied by 
more or less severe malfunctions, such as impairment 
of feeding or respiratory disorders, which create addi-
tional problems and require multidisciplinary treatment.  
Regardless of etiology, problems associated with the res-
toration of the proper functioning and appearance of the 
face are often extremely difficult due to the frequent co-
existence of abnormalities in the bone, dental and soft 
tissues.1–5

The effectiveness of treatment depends on many fac-
tors, such as a deficiency or excess of tissues, a disorder, 
or a lack of reference to normal anatomical structures, 
and the inability to completely correct multiple irregu-
larities. Significant factors also tend to be associated 
with the patients’ age and health problems, which arise 
from the coexistence of multiple disorders or injuries, 
as well as from (often inevitable) multi-staged and long-
lasting treatment. Additional factors can be related to 

financial problems and a limited number of centres per-
forming highly specialised and sometimes risky opera-
tions.

Principles of treatment

The pursuit of simultaneous and compound correction 
is obvious indeed, but it is not always possible. In most 
occlusal asymmetries – related mostly to the lower part 
of the face and maxillary retrusion – there is a need for 
preoperative orthodontic treatment which, in patients 
treated with distraction osteogenesis, must be long-last-
ing and conducted in stages.6–8,11 The latter involves the 
selection of the proper sequence of treatment and pre-
ferred correction of the skeleton before or at the same 
time as the repair of soft tissues. Due to various forms 
of asymmetry, particular attention is paid to the proper 
and individual selection of methods used in craniofacial, 
maxillofacial, or reconstructive plastic surgery (Fig. 1).

In  patients with coexisting soft tissue deficiency, the 
restoration and modelling of facial contours can be 
achieved with the use of autologous fat transfer, dermal 
grafts, local flaps, and free flap transplantation. Despite 
an increased trend to replace soft tissue volume by au-
tologous fat transfer, the lipofilling can only satisfy the 
requirements of minor asymmetries. The main problem 
lies in the unpredictability of fat resorption and the need 
for revisionary procedures.12,13 As an alternative, the use 
of dermal grafts is more highly recommended, and the 
outcomes are seemingly more predictable.

The utility of local flaps is rather moderate due to their 
limited size and secondary deformities, although in some 
cases the use of tongue flaps for lip repair or galea flaps 
for the restoration of moderate hemifacial progressive at-
rophy can be taken into consideration.

In severe cases, for more than 30 years, the preferred 
method of soft tissue restoration has been microsurgical 
tissue transplantation.14,15 Buried skin and musculocuta-
neous flaps are considered to be the most effective and 
reliable material, applied separately or in combination 
with other methods.16–19

Nowadays, the planning of surgical procedures is great-
ly simplified due to precise radiological measurements 
and the use of computer simulation. This is particularly 
important in complex deformities, including both the 
neuro- and the viscerocranium, where finding corre-
sponding normal anatomical structures happens to  be 
very difficult. For the correction of occlusal disorders, the 
classic cephalometry and analysis of dental models still 
play an essential role in planning.20,21

The age of patients is of great importance in the treat-
ment of premature cranial synostosis and clefts. Asym-
metry resulting from unilateral coronal and lambdoid 
synostosis also applies to the opposite, healthy side of the 
skull. These deformations are of a compensatory nature, 
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caused by the brain growing in the directions of least re-
sistance. Thus, contrary to the definition, shape disorders 
are not one-sided only and, due to their complexity, they 
are difficult to correct.22–24

In young children after resection of synostosed cranial 
sutures and modelling of the forehead and orbital roofs, 
the released, expanding brain enhances the cranial vault 
shaping. After a few years the cranium and upper third 
of the face look normal, as a rule (Fig. 2).

After a slowdown in the growth process and a reduc-
tion in brain growth potential, the phenomenon of self-
correction is less evident. Accordingly, in older patients, 
despite the need for a much more extensive surgery, the 
results of treatment are usually worse.

In other craniostenoses, the asymmetry is less severe 
and, if observed, it concerns the obliteration of multiple 
cranial sutures and cases with concomitant hydrocepha-
lus or rare clefts.25,26

Fig. 1. Facial asymmetry before (A) and after multiple osteotomy followed 
by dermal grafting (B)

A A

B

B

Fig. 2. A 3-month-old child with plagiocephaly. Cranial deformation with 
orbital dystopia before (A) and after operation (B)

From: Kobus K. Atlas chirurgii plastycznej. Warszawa: Medsportpress; 2004 
and  Kobus K. Chirurgia i estetyka twarzy. Wrocław: ArsMedica; 2014.

From: Kobus K. Atlas chirurgii plastycznej. Warszawa: Medsportpress; 2004 
and  Kobus K. Chirurgia i estetyka twarzy. Wrocław: ArsMedica; 2014.
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Fig. 3. Unilateral cleft lip and palate before (A) and early result  
of treatment – note the nose deviation (B); final outcome after  
bony platform restoration and rhinoplasty (C)

A

B C

Unlike craniostenosis, the optimal age for repair 
of cleft lip and cleft palate is not explicitly defined, and 
raises a lot of controversy. According to a rather common 
belief, early operations are beneficial for speech develop-
ment, but are less favourable for midface development. 
Moreover, with the passage of time, an impaired growth 
potential has a tendency towards aggravation.27–29

Symmetry disorders do not affect only unilateral clefts 
because in bilateral forms an unequal severity of defects 
is often encountered. In total clefts, the most significant 
issues are the malposition of maxillary segments and the 
lack of so-called bone platform, which induce septum and 
nose deviation. So, after a complete cleft lip repair, which 
is usually performed at the age of 3–6 months, some 
gradual deterioration of appearance is usually noted, par-
ticularly if unsatisfactory maxillary development occurs.

An almost routine procedure performed in the period 
of mixed dentition, between the ages of 7 and 11 years, 
is alveolar bone grafting with subsequent orthodontic 
treatment, and the use of fixed appliances. According 
to our own observations and other reports, restoration 
of continuity and alveolar arch formation should always 
precede possible jaw osteotomy and final lip and nose 
corrections (Fig. 3).27,30

In  contrast to the above-mentioned malformations, 
correction of asymmetry in Parry-Romberg syndrome 
is performed much later, after the cessation or slow-
ing down of tissue atrophy, which usually occurs after 
puberty (Fig. 4). Soft tissue corrections are usually car-
ried out with the use of musculocutaneous free flaps, al-
though previous bone repair is more logical. Due to the 

From: Kobus K. Atlas chirurgii plastycznej. Warszawa: Medsportpress; 2004 and  Kobus K. Chirurgia i estetyka twarzy. Wrocław: ArsMedica; 2014.
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poor quality of tissues, classic bi-jaw osteotomy is rather 
risky; therefore, a safer distraction osteogenesis accord-
ing to the McCarthy and Ortiz-Monasterio and Molina 
methods seems to be more recommendable.5,8,10,14

The treatment of facial asymmetries caused by prolif-
erative lesions, such as haemangiomas, neurofibromas, 
and fibrous bone dysplasia, should possibly be performed 
in  their early stages. Correction of advanced forms 
of above mentioned lesions is very difficult, and in partic-
ular it applies to deforming, life-threatening hemangio-
mas, whose resection is extremely difficult and risky.31–33 

In most severe cases, despite superselective embolisation 
followed by immediate resection, complete eradication 
turns out to be incomplete. Postoperative mutilations, 
such as total or partial facial nerve paralysis or large de-
fects and deformities, can be very distressing.

In neurofibromas, there are significant problems con-
nected with maxillary disorders, orbital wall destruction 
and optic nerve infiltration, while in fibrous dysplasia, 
correction of jaw deformities and the oft-encountered 
malposition and reduction of the orbital volume is a real 
challenge. Since the eradication of pathological lesions 
in such cases is rarely possible, surgical intervention is of-
ten of a palliative and temporary nature (Fig. 5).

The  severity of congenital asymmetries caused by tis-
sue deficiency varies greatly. Although evident in complete 
clefts and Parry-Romberg syndrome, a more striking defi-
cit, especially of bone, is referred to as hemifacial microso-
mia (HFM). This condition, also known as craniofacial mi-
crosomia (CFM), is characterised by unilateral or – in 10% 
of cases – bilateral deficiency of bone and soft tissues.34

Fig. 4. Aggravation of bone and soft tissue hypoplasia in Parry-Romberg 
syndrome (photos taken at the ages of 6, 9 and 15 years)

A

B C
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Fig. 5. Neurofibroma (A) and 3D TK before treatment (B); patient’s appearance after 3 operations (C, D)

C

A

D

B

From: Kobus K. Atlas chirurgii plastycznej. Warszawa: Medsportpress; 2004 and  Kobus K. Chirurgia i estetyka twarzy. Wrocław: ArsMedica; 2014.



Adv Clin Exp Med. 2017;26(8):1301–1311 1307

Hypoplasia of the mandibular ramus and temporo-
mandibular joint (TMJ), which is the basis of its clas-
sification, define the treatment possibilities depending 
mostly on bone stock deficiency.35,36

In  Type I  and partially in Type II of Kaban’s classifi-
cation, distraction osteogenesis – introduced in 1992 by 
McCarthy et al. – is the treatment of choice. Elongation 
of the mandibular ramus and assisted orthodontic align-
ment of the occlusal plane is so effective that an existing 
soft tissue deficiency is usually less perceptible.8,36

In  moderate cases, there is often a  need for bone 
augmentation, while in severe forms reconstruction 
of  the zygomatic arch, TMJ, and mandibular ramus are 
unavoidable.14,37,38 Due to narrowing of the affected side 
of the face, in some patients the osteochondral rib grafts 
must be located behind the hypoplastic ear. In such cases, 
despite reconstruction of the mandibular arch and a sat-
isfactory occlusal plane setting, a  symmetrical skeleton 
is rather impossible to obtain. However, as a significant 
hypoplasia of the soft tissues makes repeated dermal 
grafting or free flap transplantation necessary, some 
camouflage of the bone imperfections is as well achieved. 

With time, the reconstructed mandibular parts grow 
thicker, and in some cases they get become too long, lead-
ing to contralateral recurrence of asymmetry, which re-
sembles laterogenia, and requires reduction osteotomies 
(Fig. 6).37

Fig. 6. Severe hemifacial microsomia before (A) and after mandibular ramus 
reconstruction with costochondral rib graft (B); X-ray taken after shortening 
of the newly created overgrowing ramus due to its excessive elongation (C)

B

C

A

E
Fig. 5. (cont.)
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Much more difficult problems are related to the treat-
ment of asymmetry caused by temporomandibular joint 
ankylosis (TMJA), and especially to deformities that occur 
in early childhood as a result of trauma and perinatal in-
fections.14,38 Immobilisation of the mandible and destruc-
tion of its growth centres contribute to severe mandibular 
hypoplasia with well-known respiratory problems, malnu-
trition, and a predisposition to life-threatening infections.

Deformity and facial asymmetry applies not only 
to unilateral forms, but also occurs in bilateral ankylosis, 
in which distortions are often asymmetrical.

TMJA treatment consists of 2 parts. The most impor-
tant is a complete resection of ankylosis, which, in severe 
forms involving the base of the skull, is very difficult and 
dangerous. After gap arthroplasty, an even greater short-
ening of the mandibular ramus arises, which calls for spac-
ers to also act as separators. Although the use of silicone 
blocks or other materials can improve facial symmetry 

E

D

Fig. 7. Unilateral temporomandibular joint ankylosis (TMJA) before 
treatment (A); schematic representation of mandibular deformity,  
post-excision defect, and normal mandible restoration (B). The result  
of treatment with the use of costochodral graft and application  
of external distractor, according to our own method (C)

B

C

A

Fig. 6. Severe hemifacial microsomia before (A) and after mandibular 
ramus reconstruction with costochondral rib graft (B); X-ray taken after 
shortening of the newly created overgrowing ramus due to its excessive 
elongation (C) (cont.)

From: Kobus K. Atlas chirurgii plastycznej. Warszawa: Medsportpress; 2004 
and  Kobus K. Chirurgia i estetyka twarzy. Wrocław: ArsMedica; 2014.
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Fig. 8. An example of treatment for cosmetic reasons (without functional disorders); facial scoliosis before (A, B) and after bi-jaw osteotomy, rhinoplasty  
and chin advancement, without correction of moderate orbit dystopia (C, D)

C

A

D

B

From: Kobus K. Atlas chirurgii plastycznej. Warszawa: Medsportpress; 2004 and  Kobus K. Chirurgia i estetyka twarzy. Wrocław: ArsMedica; 2014.
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and prevent re-ankylosis, reconstruction of the missing 
part or mandibular distraction are considered more ef-
ficient.38,39 

According to common belief, the use of costochondral 
grafts is a rather cumbersome procedure, because their 
healing require many weeks of immobilisation, which 
promotes the recurrence of ankylosis. In order to avoid 
these problems, the use of external distractors has been 
adopted (KK) to keep the jaw in the correct position, and 
to prevent the graft being crushed.14 Moreover, the full 
range of motion in one plane is secured, which, as dem-
onstrated in our own material, does not affect the process 
of graft healing (Fig. 7).

Another, less cumbersome method is the use of procedure 
known as transport distraction.39 The  operation is based 
on the upper-side portion of the mandibular ramus corti-
cotomy, which after a period of latency is moved gradually 
upward until it makes contact with the articular fossa.

Reconstruction with the use of condylar or total TMJ 
prostheses is regarded to be a last resort for the treatment 
of the severest and recurrent ankyloses. Very rarely in-
deed, there can also be a need for downward transposi-
tion of the maxilla. In such cases, the above-mentioned 
TMJ reconstruction is combined with maxilla osteotomy 
or internal distraction, which makes operations much 
more difficult.40

In ankyloses, which are long-lasting despite TMJ recon-
struction, complete facial symmetry is rarely achieved, 
and some imperfections can be noted. In children, res-
toration of mandibular mobility and functional stress 
impact makes self-correction of the involved anatomical 
structures possible, while in adults, modelling and refine-
ment procedures are needed, such as a chin osteotomy or 
dermal grafts.

In all of the above deformities, an essential part of suc-
cess depends on orthodontic treatment with the use 
of fixed appliances, because the formation of proper den-
tal arches and the restoration of normal occlusion are 
of  prime importance indeed. As the efficiency of con-
temporary orthodontics is impressive indeed, the only 
problem applies to the admittedly rare tendency toward 
excessive correction in patients with moderate maxillary 
hypoplasia and slanting position, which should probably 
be referred to surgical treatment.

Final considerations

Judging from the fragmentary review described above, 
facial asymmetries are characterised by a wide diversity. 
Some of them are primary in nature, and their manage-
ment applies to the well-known rules established for the 
treatment of congenital malformations. Others occur as 
a result of diseases and a single or composed trauma such 
as, e.g., neoplastic eventerations with devastating orbital 
area irradiation. 

The  possibility and methods of treatment are deter-
mined by the location of affected tissues, the functional 
impairments, the duration of pathology, and its sever-
ity. A  limitation in or poor quality of local tissues such 
as impaired blood supply, scarring, or bone sclerosis call 
for substitute distant flap transplantation, which a priori 
makes restitutio ad integrum impossible. Therefore, in 
severe asymmetries, fully satisfactory outcomes are un-
common.

The  grounds for comprehensive and costly treatment 
are justified and accepted as a  rule, but in less afflu-
ent countries some financial restrictions are not un-
common.41 It  mostly applies to patients with debatable 
functional disorders, seeking a  better appearance even 
if it demands extensive surgery (Fig. 8). As social security 
systems are discouraged due to the high costs of compre-
hensive treatment, the reluctance of hospital managers 
comes not only from underestimation of the costs, but 
is also related to expensive specialised equipment (such 
as surgical navigation) and, despite a  lack of clear pro-
tocols, increasing formal requirements. Those surgeons 
who are willing and able to deal with these problems have 
only a sense of satisfaction mixed with a fear of the threat 
of consequences for failures and complications, even ones 
that were not committed. As their prevalence is imma-
nently associated with complex surgical procedures, the 
“no excuse” rule, which is often applied by the authorities 
and mass media, discourages the treatment of wrongly 
classified quasi-cosmetic patients.
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