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Abstract
Background. Burns are common traumas that cause systemic symptoms by increasing vascular permeability.

Objectives. To investigate the role of miRNA-451 and to clarify the underlying mechanism of the burn 
process.

Material and methods. We established a heat-induced third-degree burn with acute lung injury (ALI) 
model in rats. Hematoxylin and eosin (H&E) staining and in situ hybridization were performed. Overexpressed 
miRNA-451 in human umbilical vascular endothelial cells (HUVEC) were carried out. The migration and 
proliferation of HUVEC cells were examined.

Results. The H&E staining showed that the burn injury caused by heat went through the dermis and 
damaged deep tissues. Meanwhile, the heat also induced acute lung injury, characterized by inflammatory 
exudation in the alveoli and significant enlargement of the alveolar septum. In situ hybridization showed that 
the expression of miRNA-451 increased in the lung endothelial cells. We overexpressed miRNA-451 in human 
umbilical vascular endothelial cells (HUVEC) and the results showed that miRNA-451 inhibited the migration 
and proliferation of HUVEC cells, increased HUVEC cell permeability, inhibited cell adhesion, and induced cell 
apoptosis. Furthermore, the expression of occludin and ZO-1, 2 key protein molecules in forming tight junction 
between cells, decreased, and the proteins dispersed in the cytoplasm of HUVEC cells.

Conclusions. MiRNA-451 was upregulated in the lung endothelial cells of the rat model, and contributed 
to increase lung endothelial cell permeability. It suppresses angiogenesis of lung endothelial cells, indicating 
their potential as a target in the treatment of burn injuries.
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Introduction

A burn is a type of injury caused by heat, cold, elec-
tricity, chemicals, or radiation to the skin or other tis-
sues.1 According to the severity of damage to the skin 
and tissues, burns are divided into 4 types: first-, second-, 
third-, and fourth-degree burns. One of the physiologi-
cal characteristics of burns is increased vascular perme-
ability associated with massive release of inflammatory 
mediators, resulting in immediate and continuous loss 
of substances ranging from water to macromolecules.2 
This leads to the reduction of blood volume and insuf-
ficient blood supply to important organs, such as heart, 
brain and kidneys. Severe burn is always accompanied 
by infection, shock and inhalation injury, which may be 
associated with acute lung injury (ALI). The severe stage 
of ALI, known as acute respiratory distress syndrome 
(ARDS), has a high fatality rate. It is important to inves-
tigate related molecular mechanisms of vascular hyper-
permeability in burn injury in order to develop effective 
therapeutics.

MicroRNAs (miRNAs) are a group of small non-coding 
RNA molecules that function in post-transcriptional reg-
ulation of gene expression.3 Recently, the role of miRNAs 
in regulating the function of endothelial cells has attract-
ed great interests. Son et al. found that murine-specific 
miRNA-712 is a flow-sensitive microRNA, which is up-
regulated by disturbed flow in arterial endothelium both 
in vitro and in vivo. This miRNA activated matrix metal-
loproteinases (MMP2 and MMP9) and induced endotheli-
al cell inflammation and hyperpermeability.4 MiRNA-663 
is an oscillatory shear (OS)-sensitive miRNA in human 
umbilical vein endothelial cells (HUVECs), and is involved 
in OS-induced cellular inflammation by mediating the ex-
pression of inflammatory genes. Oscillatory shear-induced 
monocyte adhesion was blocked by treating HUVECs with 
miRNA-663 inhibitor.5 Thus, miRNAs are potential tar-
gets for the treatment of vascular dysfunctions during 
the burn process.

In this study, we established a heat-induced third-de-
gree burn model in  rats and detected the  expression 
of miRNA-451 in lung endothelial cells. In order to dis-
cover the effects of miRNA-451 on the permeability and 
angiogenesis of vascular endothelial cells, we upregulat-
ed and downregulated miRNA-451 through transfect-
ing miRNA-451 mimic or inhibitor into HUVECs. Phe-
notypic change of cells, including cell proliferation, cell 
adhesion, cell migration, and cell apoptosis, in different 
groups of HUVECs cultured with or without serum from 
rats in different burn groups were examined. Moreover, 
we evaluated the change of expression of ZO-1 and oc-
cludin, which are very common tight junction associated 
proteins. Damaged tight junctions will cause increased 
permeability.6

Material and methods

Animals and groupings

The  animal experiments were conducted according 
to the protocols approved by the Animal Experimental Eth-
ics Committee of the Second Affiliated Hospital of Sooch-
ow University, China. Healthy male adult Sprague–Dawley 
(SD) rats were purchased from Shanghai SLCA Labora-
tory Animal Ltd. (Shanghai, China). The weight of rats 
ranged from 300 g to 350 g. Eighteen rats were randomly 
separated into 3 groups: burn group, sham burn group 
and control group, with 6 rats in each group. The back 
hair of the rats in the burn group and sham burn group 
were shaved under anesthesia (urethane, 5 mg/kg body 
weight). Then, the nude skin of the burn group was scald-
ed with 95°C hot water for 18 s, which caused a third-de-
gree burn consisting nearly 30% of total body surface area 
(TBSA), while the nude skin of sham burn group was ex-
posed to 37°C water for the same time. After that, the rats 
from the burn group were injected with physiological sa-
line solution following the Parkland formula (4 mL/kg/1% 
TBSA). All the rats were kept in individual cages and al-
lowed free access to food and water.

Hematoxylin and eosin staining

Skin and lung samples were collected 12 h after burn and 
fixed with 4% neutral-buffered formalin for 24 h. After de-
hydration and embedding, the samples were cut into sec-
tions of 3 μm in thickness. The sections were stained with 
hematoxylin and eosin (H&E).

Colloid osmotic pressure measurements

The plasma samples from each group were collected 
at different time points: 60 min before burn, and 0 min, 
30 min, 60 min, 90 min, 120 min, and 180 min after burn. 
Colloid osmotic pressure was analyzed using a micro-col-
loid osmometer (Wescor 4420; Wescor, Logan, USA) with 
a semipermeable membrane, which had a rejection char-
acteristic of 30 kDa. One to 1.5 μL plasma was applied 
to the semipermeable membrane in each measurement. All 
the measurements were performed at room temperature.

Cell culture and grouping

The HUVECs were purchased from American Type Cul-
ture Collection (ATCC; Manassas, USA) and cultured in the 
EGM02 medium (CC03162; Lonza, Cologne, Germany). 
MiRNA-451 mimic and inhibitor (GenePharma, Shanghai, 
China) were transfected into the cells using Lipofectamine 
2000 (11668027; Thermo Fisher Scientific, Waltham, USA). 
Then, the HUVECs were divided into 7 groups:

− group 1: cells cultured with medium supplemented 
with 10% FCS (Gibco, Rockville, USA);
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− group 2: cells cultured with medium supplemented 
with 10% rat serum from burn group;

− group 3: cells cultured with medium supplemented 
with 10% rat serum from control group;

− group 4: cells transfected with miRNA-451 mimic and 
cultured with medium supplemented with 10% rat serum 
from burn group;

− group 5: cells transfected with scramble control for 
miRNA-451 mimic and cultured with medium supple-
mented with 10% rat serum from burn group;

− group 6: cells transfected with miRNA-451 inhibitor 
and cultured with medium supplemented with 10% rat se-
rum from burn group;

− group 7: cells transfected with scramble control for 
miRNA-451 inhibitor and cultured with medium supple-
mented with 10% rat serum from burn group.

Real-time PCR

The expression of miRNA-451 in the HUVECs after 
transfection was examined using real-time polymerase 
chain reaction (RT-PCR). The total RNA of cells was isolat-
ed by lysing the cells with Trizol (15596018; Thermo Fisher  
Scientific) and reversed transcribed into cDNA. Real-
time PCR was carried out using 2 × SYBR Premix Ex Taq 
(RR820A; Takara Bio, Shiga, Japan) according to the man-
ufacturer’s protocol. Primers were purchased from Sangon 
Biotech (Shanghai, China) as follow: forward: 5’-ACACTC-
CAGCTGGGAAACCGTTACCATTAC, reverse: 5’-TG-
GTGTCGTGGAGTCG. The relative gene expression was 
analyzed using the 2−ΔΔCT method.

Cell proliferation

Cell counting kit-8 assay (CCK-8; Dojindo, Kumamo-
to, Japan) was used to detect the proliferation of the HU-
VECs from each group. According to the manufacturer’s 
protocol, 5 × 103 cells/well were seeded into 24-well plate 
and culture for 72 h. After culturing, CCK8 solution was 
added into each well and the light absorbance of each well 
was measured at 450 nm using a microplate reader (Mul-
tiskan FC; Thermo Fisher Scientific).

Cell apoptosis

Annexin V/PI stain and flow cytometer were used for 
detecting cell apoptosis. In  brief, HUVECs from each 
group were suspended in binding buffer at a concentra-
tion of 3 × 105 and incubated with Annexin V and PI for 
15 min at room temperature in the dark. Then the cells 
were examined with a flow cytometer (LSRFortessa; Bec-
ton Dickinson, Franklin Lakes, USA) and the results were 
analyzed with FlowJo software v. 7.6.1 (www.flowjo.com). 
The annexin V+/PI− cells and annexin V−/PI+ cells were 
used to identify apoptotic cells and necrotic cells, respec-
tively. The procedure was repeated 3 times for each sample.

Scratch assay

The HUVECs from each group were culture in six-well 
plates and wounds were made using a 200 μL tip when 
cell monolayers were formed. After cell debris was re-
moved, the cells were cultured with serum-free medium, 
and the wounds were observed and captured at 24 h and 
48 h using an inverted light microscope (Olympus BX43; 
Olympus, Tokyo, Japan). Three independent experiments 
were performed in each group.

Cell permeability 

In vitro cell permeability assay was performed as pre-
viously described.7 In brief, HUVECs from each group 
were seeded into type I collagen-coated upper chambers 
(0.4 μm pores; Becton Dickinson) and were grown to con-
fluence. Fifteen microliters of fluorescein isothiocyanate 
(FITC)-dextran (Sigma-Aldrich, St. Louis, USA) was added 
to the upper chamber and incubated at 37°C for 30 min. 
Then, fluorescence intensity in the lower chambers, which 
diffused from upper chambers, was measured.

Western blotting analysis

The HUVECs from each group were lysed with radioim-
munoprecipitation assay buffer (RIPA). The total proteins 
were loaded to SDS-PAGE gel and separated with electro-
phoresis. Then, the proteins were transferred to the polyvi-
nylidene fluoride (PVDF) membrane, followed by blocking 
with 5% non-fat milk. After that, the membrane was blot-
ted with the primary antibodies, including occludin (sc-
133256; Santa Cruz Biotechnology, Santa Cruz, USA) and 
ZO-1 (#5406; Cell Signaling Technology, Danvers, USA), 
and secondary antibodies. Chemiluminescence was used 
to detect the specific bands.

Statistical analyses

All the quantitative data of each experiment were ex-
pressed as the mean ±standard deviation (SD) and the vari-
ables were analyzed using one-way analysis of variance 
(ANOVA); the Tukey’s method was used for the following 
multiple comparison tests. Apoptosis ratio data was eval-
uated with the χ2 test. SPSS software v. 20.0 (IBM Corp., 
Armonk, USA) was used for all the statistical analyses. A val-
ue of p < 0.05 was considered to be statistically significant.

Results

Establishment of a burn model in rat

Under a microscope, the epidermis showed nuclear con-
densation, and necrotic hair follicles and sebaceous glands 
were observed in the dermis of rats in the burn group. 
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The lesions were in line with the characteristics of third-
degree burn damage. There were no significant abnormal 
changes in the dermis and epidermis of rats in the sham 
group and the control group (Fig. 1A).

It was known that local burns could lead to acute injury 
to the lung by inducing the release of pro-inflammatory 
cytokines.7 We collected the lung tissues from rats in each 
group and performed H&E staining. It was noted that 

the alveolar septum was significantly widened and there 
was a large number of neutrophils infiltration in the lung 
tissue of burned rats. There was also markedly inflam-
matory exudation in the alveoli, leading to the decrease 
of alveolar space in the burn group compared to the sham 
group and the control group. There was no significant 
abnormal change in the lung tissue of the sham group and 
the control group, as shown in Fig. 1B.

control group

sham group

burn group

burn groupsham groupcontrol group

×100

×200

×200

burn groupsham groupcontrol group

14
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8
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CO
P 

[m
m

 H
g]

A

B

C

Fig. 1. Burn model of rat. A. H&E staining of rat skin 
in burn group, sham group and control group (×100 
and ×200 magnification). B. H&E staining of rat lung 
tissues in burn group, sham group and control group 
(×200 magnification). C. Colloid osmotic pressure 
in burn group, sham group and control group 
at different time points after the establishment 
of burn injury model
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We also collected the plasma from each group at different 
time points to examine the variation of colloidal osmotic 
pressure. The results showed that colloidal osmotic pres-
sure was continuously decreased from 12.8 ±0.2 mm Hg 
to 9.4 ±0.3 mm Hg in the burn group after the burn inju-
ry was established. However, no significant changes were 
found in  the  sham burn group and the  control group 
(around 12.4 mm Hg) (Fig. 1C).

Increased expression of miRNA-451 
in the lung microvascular endothelial cells 
after burn

It was reported that miRNA-451 was upregulated in de-
natured dermis of severely burned patients.8 In order to un-
derstand the potential role of miRNA-451 in the burn 
process, we used in situ hybridization to examine its ex-
pression of miRNA-451 in the microvascular endotheli-
al cells from each group. It was found that the expression 
of miRNA-451 was significantly upregulated in the burn 
group compared with the sham burn group and control 
group (Fig. 2), indicating that miRNA-451 played a role 
in regulating the phenotypic and functional changes of en-
dothelial cells during the burn process.

MiRNA-451 promoted apoptosis, and 
inhibited proliferation and migration 
of endothelial cells

Because miRNA-451 was upregulated in the microvas-
cular endothelial cells in vivo, we altered the expression 
of miRNA-451 in HUVECs by transfecting its mimic or in-
hibitor, and treating the cells with serum separated from 
the rats of the burn group in order to further clarify its ef-
fect on endothelial cells. The RT-PCR results showed that 
the expression of miRNA-451 increased in the group trans-
fected with mimic (2.86 ±0.27) and decreased in the group 
transfected with inhibitor (0.26 ±0.06) (Fig. 3A).

We further used CCK8 assay to detect cell proliferation. 
The results showed that HUVECs treated with the serum 
from the rats of the burn groups displayed a significant 

decrease in cell growth when compared to the same cells 
treated with the serum separated from the control group, 
which was 1.353  ±0.09 and 1.564  ±0.12, respectively. 
Importantly, miRNA-451 mimics could work in concert 
with the serum separated from the rats of the burn group 
to inhibit the cell proliferation; the result of optical density 
(OD) 450 nm was 0.576 ±0.07. Furthermore, miRNA-451 
inhibitor induced the cell growth in HUVECs (2.011 ±0.11), 
indicating that miRNA-451 inhibited cell proliferation 
in burn process (Fig. 3B).

Fluorescence-activated cell sorting (FACS) and scratch 
assay were used to detect cell apoptosis and cell migration 
in each group. PI/Annexin V double staining showed that 
more apoptotic cells were readily seen in the HUVECs 
transfected with miRNA-451 mimics and treated with 
the serum separated from the rats of burn group, indicat-
ing that miRNA-451 could induce apoptosis in the burn 
process (Fig. 3C). Meanwhile, miRNA-451 also displayed 
its ability to  inhibit cell migration. The apoptosis rate 
of group 4 (cells transfected with miRNA-451 mimic and 
cultured with medium supplemented with 10% rat serum 
from burn group) was dramatically higher than in group 6 
(cells transfected with miRNA-451 inhibitor and cultured 
with medium supplemented with 10% rat serum from 
the burn group) (21.35 ±0.93 and 2.37 ±0.38) (Fig. 3D).

MiRNA-451 increased the permeability 
of HUVEC cells

Hyperpermeability occurs in vascular endothelial cells 
during the burn process. Cell permeability was evaluated 
in HUVECs under different conditions. The results showed 
that upregulation of miRNA-451 in HUVECs displayed 
an increase in permeability, since the intensity of FITC-
dextran increased in the bottom cell culture chamber, 
which was 55.4 ±6.3%. The opposite effects were found 
in the HUVECs with the downregulation of miRNA-451 
cells (10.35 ±2.43%) (Fig. 4A).

The results of western blot analysis showed that the se-
rum separated from the rats of the burn group downreg-
ulated the expression of occludin and ZO-1; the effects 

Fig. 2. MiRNA-451 upregulated in the lung microvascular endothelial cells after the establishment of burn injury. In situ hybridization on the expression 
of miRNA-451 in lung endothelial cell in burn group, sham group and control group (×200 magnification)

burn groupsham groupcontrol group
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Fig. 3. MiRNA-451 regulated the proliferation, apoptosis and migration of HUVECs. A. RT-PCR on the expression of miRNA-451 expression in HUVECs 
in different groups after transfection. B. CCK8 assay on the cell proliferation in various groups. C. FACS on the cell apoptosis in various groups. D. Scratch 
assay on the cell migration in various groups

Compared with control group, * p < 0.05. Compared with sham burn group, # p < 0.05.
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were more obvious in  the  HUVECs transfected with 
miRNA-451 mimics. The miRNA-451 inhibitor antag-
onized the effects caused by the serum separated from 
the rats of burn group, since the expression of occludin 
and ZO-1 was not downregulated (Fig. 4B).

Discussion

Vascular hyperpermeability is a critical issue in the burn 
process, since it results in the release of a number of pro-in-
flammatory cytokines, including interleukin 1 beta (IL-1β), 
tumor necrosis factor α (TNF-α) and other inflamma-
tory factors,9 leading to systemic symptoms. However, 
the mechanisms of vascular hyperpermeability in burn 
injury are not completely understood. Recently, the role 
of miRNAs in regulating the functions of endothelial cells 
has attracted great interests.10 In the present study, a third-
degree burn model in rats was established. The H&E stain-
ing showed that the burn injury went through the der-
mis and affected deep tissues. Furthermore, the burns 
on the back skin of rats resulted in ALI, indicating the re-
lease of pro-inflammatory factors and the injury of func-
tions of endothelial cells.

In situ hybridization (ISH) is a mature methodology for 
assessing miRNA expression.11–13 It could detect specific 
nucleic acid sequences in cellular level in tissue samples. 
The ISH technology could provide more information about 
the cellular origin of expression and on expression levels 
in different tissue compartments and cell populations, aid-
ing in the detection of individual miRNAs and mRNAs.12

The  results of  ISH showed the  overexpression 
of miRNA-451 in the endothelial cells of burn group, indi-
cating that miRNA-451 played a role in regulating the phe-
notypic and functional changes of endothelial cells dur-
ing the burn process. Moreover, this result is consistent 
with the previous report that miRNA-451 was upregulated 
in denatured dermis of severely burned patients,8 demon-
strating that miRNA-451 is a factor regulating the perme-
ability of endothelial cells in the burn process.

Cell–cell junctions that provide structural integrity 
are essential elements in maintaining homeostasis in en-
dothelial cells.14 In  particular, tight junctions control 
the permeability in endothelial cells.15 Occludin, a trans-
membrane protein, is one of the key components of tight 
junctions which regulates actin assembly.16 ZO-1 is a pro-
tein which plays a role in anchoring occludin to the ac-
tin assembly.17 Thus, occludin along with ZO-1 main-
tains the integrity and barrier functions of endothelia. 
However, burns damage the inter-endothelial junctions18 
and lead to the leakage of substances ranging from water 
to macromolecules. In our study, we found that the se-
rum from the rats of the burn group decreased the expres-
sion of ZO-1 and occludin, and the effects were simulated 
by miRNA-451 mimics in HUVECs, leading to micro-
vascular hyperpermeability. On the other hand, down-
regulation of miRNA-451 antagonizes the effects caused 
by the serum from the burn group.

Angiogenesis is a biological mechanism of new cap-
illary formation which supplies oxygen and nutrients 
to cells in the wound area and regenerates tissues.19 An-
giogenesis is critical in determining the wound-healing 
outcomes in third-degree burns.20 Recently, the correla-
tion between miRNAs and angiogenesis has been stud-
ied. Soufi-Zomorrod used bioinformatics algorithms 
to  identify that VEGFR2 and FGFR1 were the  targets 
of miRNA-129-1 and miRNA-133. The HUVECs trans-
fected with miRNA-129-1 and miRNA-133 mimics sup-
pressed the angiogenesis properties, including cell prolif-
eration, cell viability and migration.21 Liu reported that 
the  elevation of  miRNA-451 in  human hepatocellular 
carcinoma (HCC) cells mitigated the viability, migration 
and tube formation of HUVECs by targeting IL-6-STAT3-
VEGF signaling. Its overexpression also reduced angio-
genesis of HCC cells in vivo.22 In our study, we transfect-
ed HUVECs with miRNA-451 mimic and inhibitor, and 
the results showed that miRNA-451 mimics could sup-
press the cell proliferation and migration and induce apop-
tosis in HUVECs, and the effects were similar to those 
of the treatment with serum from rats with third-degree 
burns, indicating that miRNA-451 is a key regulator in-
hibiting angiogenesis in burn process. Li Q et al. study also 
shown that miRNA-451 had anti-angiogenic effect, and 
downregulation of miRNA-451 would promote the mi-
gration of HUVEC.23

In  summary, this study showed that miRNA-451 
was overexpressed in lung endothelial cells in rats with 

Fig. 4. MiRNA-451 increased the permeability of HUVECs. A. The HUVEC 
cell permeability in various groups. B. Western blot analysis 
on the expression of ZO-1 and occludin in HUVECs in various groups
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third-degree burns. In vitro experiments suggested that 
miRNA-451 may play a role in suppressing angiogene-
sis and increasing permeability of HUVECs. MiRNA-451 
could be a potential target for the treatment of burn injury.
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Abstract
Background. Tongue tumors, which are oropharyngeal tumors, are increasing in frequency. Pyrrolidine 
dithiocarbamate (PDTC) is a powerful antioxidant and antitumoral agent.

Objectives. To evaluate the protective and therapeutic effects of PDTC in a tongue cancer model induced 
with 4-nitroquinoline 1-oxide (4-NQO).

Material and methods. We included 40 rats in the trial and assigned them randomly to 5 groups. Group 1 
(cancer, n = 7): 4-NQO (0–12 weeks); group 2 (protection, n = 8): 4-NQO (0–12 weeks) + PDTC (300 mg/
kg/day, 0–12 weeks); group 3 (therapy-high dose, n = 10): 4-NQO (0–12 weeks) + PDTC (600 mg/kg/day, 
weeks 12–30); group 4 (therapy-low dose, n = 10): 4-NQO (0–12 weeks) + PDTC (300 mg/kg/day, weeks 
12–30); and group 5 (control). Cardiac blood samples were taken to analyze oxidative stress parameters 
(total antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSI)). Histopathological 
assessment was performed under a light microscope.

Results. The results of the histopathological assessment showed that the model we used in group 1 was 
successful, which was consistent with the literature. The PDTC dose administered in group 2 could not prevent 
tumor formation. Group 3 demonstrated that PDTC in high doses is effective as a therapeutic agent. Group 4 
indicated that PDTC in low doses has no therapeutic effect. The results of the biochemical assessment showed 
that in group 3, TOS and OSI values were significantly lower than in groups 1, 2 and 4. No significant difference 
was found in the TOS and OSI values between groups 5 and 3.

Conclusions. Our study demonstrated histopathologically that in an experimentally generated tongue 
cancer model, application of 600 mg/kg/day of PDTC led to a significant reduction in the size of the tumor. 
This was supported by the biochemical parameters.

Key words: antioxidant, tongue cancer, antitumoral, pyrrolidine dithiocarbamate, 4-nitroquinoline 1-oxide
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Introduction

Oral and parapharyngeal cancer represents less than 2% 
of all deaths from cancer and more than 2% of newly diag-
nosed cancer cases.1 The progression of oral cancer pro-
ceeds from hyperplastic epithelial lesions to dysplasia and 
invasive carcinoma.2 Remission and prognosis are linked 
to a more detailed understanding of the multi-stage pro-
cess causing the development of cancer.3 It  is therefore 
important to repress the carcinogenesis with chemopro-
tective agents. Many current studies are directed towards 
identifying currently available chemoprotective agents.4 
Some of these agents are foodstuffs such as vegetables and 
fruit, and it has been reported that they act as protective 
agents in carcinoma of the tongue.5 These chemoprotec-
tive agents have anti-proliferative, anti-inflammatory and 
antioxidant effects.

Pyrrolidine dithiocarbamate (PDTC) is a metal chelator 
and antioxidant as well as nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) inhibitor. It is a thiol 
compound of low molecular weight. It has a large number 
of biological activities, including changing the redox state,6 
chelating heavy metal ions7 and inhibiting enzymes.8 Prin-
cipally, PDTC is a powerful inhibitor of NF-κB.9 It shows 
an antioxidant effect, preventing the toxic effect of free 
radicals10 as well as blocking the pro-inflammatory effects 
of cytokines.11 In addition, it increases antioxidant activity 
by increasing the gene expression of superoxide dismutase 
(SOD)12 and glutathione peroxidase (GPX),13 2 endogenase 
antioxidant enzymes. In addition, PDTC affects oxidant-
related cell damage by reducing the build-up of malondial-
dehyde (MDA).14 Studies have shown that PDTC, particu-
larly through NF-κB inhibition, prevents the development, 
growth and angiogenesis of tumors.15,16 We also studied 
the effectiveness of PDTC in preventing and treating ex-
perimentally produced tongue cancer.

Material and methods

Animals, diets and chemicals

Our study was started after obtaining approval from 
the Ethics Committee for experimental research at Bezmi-
alem Vakif University (Istanbul, Turkey). We  included 
40 female Sprauge–Dawley rats (8 weeks old). All the ani-
mals were kept in cages in groups of 3 or 4, with drinking 
water and standard feed ad libitum. The day/night rhythm 
was set to 12/12 h, and the temperature was 23°C.

The animals were randomly assigned to 5 groups:
Group 1 (cancer, n = 7): 20 ppm of 4-nitroquinoline 1-ox-

ide (4-NQO) was added to the drinking water for the first 
12 weeks of the study.

Group 2 (protection, n = 8): 20 ppm of 4-NQO was add-
ed to the drinking water for the first 12 weeks of the study. 

In addition, a dose of 300 mg/kg/day of PDTC was admin-
istered by gavage for the same 12-week period.

Group 3 (high-dose therapy, n = 10): 20 ppm of 4-NQO 
was added to the drinking water for the first 12 weeks 
of  the  study. Subsequently, a  dose of  600  mg/kg/day 
of PDTC was given by gavage from week 13 until week 30.

Group 4 (low-dose therapy, n = 10): 20 ppm of 4-NQO 
was added to the drinking water for the first 12 weeks 
of  the  study. Subsequently, a  dose of  300  mg/kg/day 
of PDTC was given by gavage from week 13 until week 30.

Group 5 (control, n = 5): Physiological saline (1 cm3) was 
administered by gavage for 12 weeks.

Groups  1, 2 and 5 were sacrificed at  the  end of  the 
12th  week; groups  3 and 4 were sacrificed at  the  end 
of the 30th week. After sacrificing the rats, their tongues 
were excised. Macroscopic photographs were taken.

Histopathological analysis

Each tongue was cut in half longitudinally. Each tis-
sue specimen was fixed in 10% buffered formalin and em-
bedded in paraffin blocks. Each specimen was sliced into 
multiple transverse sections for histological processing. 
The histopathological evaluation was performed by light 
microscopy. The  tongue sections were graded as  nor-
mal, hyperplasia, carcinoma in situ, dysplasia, or carcino-
ma per animal, as modified from the method described 
by Ribeiro et al.17

Biochemical parameters

At the end of the study, before sacrificing the rats, cardiac 
blood samples (5 mL) were taken to analyze oxidative stress 
parameters: total antioxidant status (TAS), total oxidant 
status (TOS) and oxidative stress index (OSI). The hepa-
rinized blood was centrifuged (1500 × g for 10 min) and 
the serum that was obtained was saved at −80°C for TOS 
and TAS analysis using commercial kits (Rel Assay Diag-
nostics, Gaziantep, Turkey); the OSI was the TOS-to-TAS 
ratio (see below).

Measurement of total oxidant status

Plasma TOS was measured using an automated method 
developed by Erel.18 The oxidants present in a sample 
oxidize the ferrous ion in an o-dianisidine complex to 
ferric ion. Oxidation is enhanced using glycerol, which 
is abundant in the reaction medium, and the ferric ion 
forms a colored complex with xylenol orange under acidic 
conditions. The color intensity (which can be measured 
spectrophotometrically) is associated with the total level 
of oxidants present. Hydrogen peroxide is used to cali-
brate the assay, and the results are expressed in terms 
of micromoles of hydrogen peroxide equivalent per liter 
(mmol H2O2 equiv/L).
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Measurement of total antioxidant status

Plasma TAS was measured using another automated 
method developed by  Erel.19 This involves production 
of the hydroxyl radical, which is a potent biological reac-
tant. A ferrous ion solution (reagent 1) is mixed with hy-
drogen peroxide (reagent 2). Radicals produced by the hy-
droxyl radical, including the brown dianisidinyl radical 
cation, are also potent in biological terms. Thus, it is pos-
sible to measure the antioxidative capacity of a sample 
in terms of the inhibition of free radical reactions initi-
ated by the production of the hydroxyl radical. Variation 
in the assay data is very low (less than 3%), and results are 
expressed as mmol Trolox equiv/L.

Measurement of oxidative stress index

The OSI is the TOS-to-TAS ratio, but TAS values were 
changed to mmol/L. Each OSI was calculated as follows: 
OSI (arbitrary units) = TOS (mmol H2O2/l)/TAS (mmol 
Trolox/L).20

Statistical analysis

The statistical analysis was carried out using the Statis-
tical Package for the Social Sciences v. 13.0 for Windows 
(SPSS Inc., Chicago, USA). All quantitative variables were 
assessed using measures of central location (i.e., mean and 
median) and measures of dispersion (i.e., standard devi-
ation (SD)). Data normality was checked using the Kol-
mogorov–Smirnov test.

For inter-group comparisons, the  one-way analysis 
of  variance (ANOVA) was used. Tukey’s honestly sig-
nificant differences (HSD) post hoc test was used with 
the  Bonferroni correction applied was used to  estab-
lish between which groups a difference existed (p < 0.01 
was accepted as statistically significant). To assess qual-
itative data, the χ2 test was used; p < 0.05 was accepted 
as significant.

Results

The rats were weighed at the beginning of the study and 
before sacrificing the animals (Table 1).

Histopathological analysis

Group 1 (4-NQO 12 weeks): Of the 7 rats used, after 
12 weeks 4 had in situ squamous cell carcinomas (SCC), 
2 had high-grade dysplasia and 1 had middle-grade dysplasia 
(Fig. 1). Group 2 (4-NQO weeks 0–12 + PDTC 300 mg/kg/day 
weeks 0–12): Of the 8 rats used, after 12 weeks, 1 had superfi-
cial invasive SCC, 1 had in situ SCC, 1 had noninvasive SCC, 
4 had high-grade dysplasia, and 1 had low-grade dyspla-
sia (Fig. 2). Group 3 (4-NQO weeks 0–12 + PDTC 600 mg/
kg/day weeks 12–30): Of the 10 rats used, after 30 weeks, 
1 had middle-grade dysplasia, 1 high-grade dysplasia and 
5 had low-grade dysplasia, while 3 were healthy (Fig. 3). 
Group 4 (4-NQO weeks 0–12 + PDTC 300 mg/kg/day weeks 
12–30): Of the 10 rats used, after 30 weeks, 4 had invasive 
SCC, 2 had superficial invasive SCC and 4 had non-invasive 
SCC (Fig. 4). Group 5 (physiological saline 12 weeks): None 
of the rats developed tumors (Fig. 5).

Our study found no significant difference between 
groups 1 and 2 in terms of carcinogenesis (p > 0.05). Like-
wise, there was no significant difference between groups 3 
and 5 (p > 0.05). Significant differences in terms of carci-
nogenesis were found between groups 3 and 1 (p < 0.05) 
and between groups 3 and 4 (p < 0.05).

Table 1. Body mass of rats range before and after treatment

Group Before [g] After [g]

Group 1 (n = 7) cancer 219.7 ±24.9 165.2 ±17.3

Group 2 (n = 8) protection 228.5 ±23.9 201.8 ±10.9

Group 3 (n = 10) high-dose therapy 219. 1 ±27.5 195.3 ±14.7

Group 4 (n = 10) low-dose therapy 226.8 ±20.3 180.1 ±12.5

Group 5 (n = 5) control 216.3 ±25.8 247.4 ±32.8

Fig. 1. Macroscopic and histopathological view of group 1 (cancer)

Fig. 2. Macroscopic and histopathological view of group 2 (protection)
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Biochemical parameters

The TOS and OSI values in group 3 were significantly 
lower than in group 1 and group 4 (p < 0.01) (Table 2). 
There was no significant difference in the TOS and OSI 
values between groups 1, 2 and 4 (p > 0.05) (Table 1). 
The TAS values in group 3 were significantly higher than 
in all the other groups (p < 0.01) (Table 2).

Discussion

Oral cavity cancers account for about 3% of  all ma-
lignancies.21 Squamous cell carcinoma of  the  tongue 
is the 2nd most frequent oval cavity cancer.22 Smoking, 
alcohol use and chewing tobacco have been shown to be 
among the most common causes of tongue cancer.23 In 60–
70% of tumors in the oral cavity, diagnosis is made after 
the tumor has passed the locally advanced stage.24 It is thus 
very important to prevent the spread of the tumor by ear-
ly diagnosis. Despite advanced treatment methods, dur-
ing the last decades, the prognosis for patients with oral/
lingual SCC has not improved significantly.25

Today, surgery and chemotherapy (CT) are the treat-
ments most frequently used in cases of tongue cancer. 
However, even though these methods are now the principal 
modalities for treating tongue cancer, either of them can 
lead to a number of defective outcomes. For example, sur-
gical treatment creates a great physiological and psycholog-
ical burden for the patient and can lead to problems with 
swallowing and speaking, thereby severely reducing the pa-
tient’s quality of life. Chemotherapy, on the other hand, 
involves serious toxicity, which may lead to multi-system 
risks affecting the patient’s health. Radiotherapy (RT), even 

Fig. 5. Macroscopic and histopathological view of group 5 (control)

Fig. 4. Macroscopic and histopathological view of group 4 (low-dose 
therapy)

Fig. 3. Macroscopic and histopathological view of group 3 (high-dose therapy)

Table 2. Biochemical parameters (mean ± standard deviation (SD))

Groups TOS
[µmol H2O2Eqv/L]

TAS
[µmol TroloxEqv/L]

OSI
(TOS/TASX100)

Group 1 (cancer)
(4-NQO)

13.28 ±1.07b 1.62 ±0.67a 0.081 ±0.067a

Group 2 (protective)
(4-NQO+PDTC (300 mg/kg/day), 12 weeks)

11.93 ±1.76 1.48 ±0.53c 0.080 ±0.037

Group 3 (high-dose treatment)
(4-NQO+PDTC (600 mg/kg/day), 30 weeks)

7.21 ±0.54d 3.14 ±0.71d,e 0.022 ±0.012d

Group 4 (low-dose treatment)
(4-NQO+PDTC (300 mg/kg/day), 30 weeks)

12.57 ±1.19 1.38 ±0.25 0.091 ±0.024

Group 5 (control) (saline, 30 weeks)
One-way ANOVA¥ (between groups)

5.08 ±0.37
p = 0.0001

1.75 ±0.28
p = 0.0021

0.029 ± 0.023
p = 0.0001

TAS – total anti-oxidant status; TOS – total oxidant status; OSI – oxidative stress index; ¥ – one-way analysis of variance (ANOVA) test, p < 0.05 significance 
level obtained; a–e p < 0.01 significance level obtained (Tukey’s HSD post hoc test); a – group 1 compared to group 3; b – group 1 compared to group 4; 
c – group 2 compared to group 3; d – group 3 compared to group 4; e – group 3 compared to group 5.
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if advanced technology allows a reduction of the affect-
ed area, can cause a number of problems, given the close 
proximity of several structures in the oropharyngeal re-
gion. As a result of these treatment methods, several func-
tions (speaking, mastication, swallowing) can become dys-
functional or distorted.26

It is therefore important to repress the carcinogenesis 
with chemoprotective agents, and many current studies 
are directed towards identifying currently available ones.4,5 
Pyrrolidine dithiocarbamate is an NF-κB inhibitor and 
is known to be anti-viral, anti-inflammatory, antioxidant 
and metal-chelating.27 It has a strong anti-tumoral effect 
especially because of NF-κB inhibition. The NF-κB media-
tors produce an anti-apoptotic signal, inhibiting cell apop-
tosis; thus, the cell loses the normal apoptotic function and, 
consequently, a tumor can develop.28 It has been shown that 
PDTC induces apoptosis in smooth muscle cells and leu-
kemic cells through an apoptotic pathway.29 In addition, 
it has been shown that tumor cell growth and proliferation 
in gastrointestinal stromal (GIS) tumors is inhibited thanks 
to the anti-tumoral effect of PDTC.30 In mice, PDTC in-
hibits tumor formation and reduces tumor angiogenesis 
in lung cancer through NF-κB inhibition.28 Thus, we can 
expect the NF-κB inhibitor PDTC to be an effective tumor 
drug, but additional research in this area is required. For 
this purpose, our study assessed the protective and thera-
peutic effectiveness of PDTC in carcinoma of the tongue.

In  our study, we  gave group  1  4-NQO (20  ppm) for 
12 weeks. According to the literature, 4-NQO is used to gen-
erate experimental tongue cancer. Of the 7 rats in group 1, 
4 developed in situ carcinoma, 2 developed high-grade dys-
plasia and 1 developed middle-grade dysplasia (Fig. 1). These 
results are consistent with the literature31,32 and show that 
our cancer model was implemented successfully.

Our study also tested whether PDTC in a low dose was ef-
fective in preventing the development of cancer. Therefore, 
we gave group 2 4-NQO (20 ppm) over 12 weeks along with 
low-dose PDTC (300 mg/kg/day). After 12 weeks, it could 
be shown that PDTC inhibits the formation of cancer tis-
sue in rats (Fig. 2). At that time, no significant differences 
in tumor development could be found between groups 1 
and 2 (p > 0.05). We think that this was due to the low dose 
administered. Our intention in setting up this group was 
to assess whether PDTC has protective effects when ap-
plied in pre-malignant carcinomas of the tongue.

We planned group 3 to assess the therapeutic effective-
ness of PDTC. In this group, after 12 weeks of 4-NOQ ad-
ministration, we gave high-dose PDTC (600 mg/kg/day) for 
the following 18 weeks. At the end of 30 weeks, we found 
a significant reduction in cancer development in group 3 
(Fig. 3). The effectiveness of PDTC applied in high doses 
in the treatment of tongue tumors was shown macroscop-
ically and histopathologically (Fig. 3). We assume that 
PDTC produces this effect thanks to its NF-κB inhibi-
tion. In the literature, there are only a few studies showing 
PDTC to be effective in cancer treatment.28–30

In group 4, set up to assess the effectiveness of small 
doses (300 mg/kg/day) of PDTC in cancer treatment, after 
30 weeks all the rats had developed cancer (Fig. 4). There 
was a histological difference between groups 1 and 4, be-
cause group 1 was administered 4-NQO for 12 weeks and 
then was sacrificed, whereas group 4 received low-dose 
PDTC after 12 weeks of 4-NQO. However, this low dose 
of PDTC was not effective enough, and cancer develop-
ment continued.

It  is known that oxidative stress plays an  important 
role in carcinogenesis. Reactive oxygen radicals play roles 
in various places, damaging DNA, interacting with onco-
genes, affecting tumor suppressor genes, and affecting im-
munological mechanisms.33

In a study by Doğan et al., oxidative stress parameters 
were investigated in head and neck tumors. In malignant 
tumors, TOS values were significantly higher and TAS val-
ues lower than in benign tumors.34 Various studies have 
shown a strong antioxidant effect of PDTC.11,12 In order 
to assess oxidative stress, our study evaluated the TAS, 
TOS and OSI values in intracardiac serum samples taken 
from all the rats. In group 3, TOS and OSI values were sig-
nificantly lower than in groups 1 and 4 (Table 2). No signif-
icant difference in the TOS and OSI values was found be-
tween groups 3 and 5 (Table 2). The TAS values in group 3 
were significantly higher than in other groups (Table 2). 
These data led us to assume that PDTC is a strong anti-
oxidant that can help prevent tongue cancer.

Conclusions

Our study confirmed a number of general results: 1) that 
20 ppm of 4-NQO applied over 12 weeks creates experi-
mental tongue cancer in a rat model; 2) that PDTC applied 
at a dose of 300 mg/kg/day is not protective against tongue 
cancer; and 3) that 300 mg/kg/day of PDTC is not sufficient 
to stop the progress of tongue cancer. At the same time, 
our study showed that a dose of 600 mg/kg/day of PDTC 
can stop the progress of tongue cancer and lead to a signif-
icant reduction of lesions. Our results indicate that the ef-
fects of PDTC are achieved by reducing oxidative stress 
and inhibiting NF-κB.

The limitations of our study include its experimental na-
ture, the lack of comparisons with other non-surgical treat-
ment methods (CT, RT) and the lack of additional groups 
that would enable evaluation of tumor sizes and survival.

The primary strength of our study is that it investigates 
the effects of PDTC on tongue cancer for the first time 
in  the  literature, providing both histopathological and 
biochemical evaluation parameters, using different doses 
of PDTC and evaluating both preventative and therapeutic 
effects. We have demonstrated experimentally that PDTC 
can contribute to the prevention and treatment of tongue 
cancer. This study is the first in the literature on this subject, 
and additional experimental and clinical studies are needed.
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Abstract
Background. Cardiovascular diseases (CVD) are the leading cause of death worldwide. Many studies have 
reported an association between serum uric acid (sUA) and CVD, and its role as a risk marker for mortality.

Objectives. To assess the relationship between sUA levels and the long-term prognosis of patients with 
non-ST-elevation myocardial infarction (NSTEMI).

Material and methods. The study was conducted at the Clinical Hospital of Białystok (Poland). Based 
on medical records, 9328 patients were hospitalized between 2011 and 2013, of which 726 had NSTEMI. The ex-
clusion criteria were: any diagnosed neoplasms and estimated glomerular filtration rate (eGFR) <15 mL/min. 
The average observation time was 2324 days.

Results. A total of 549 patients were qualified for the analysis; men were in the majority (69.03%, n = 379), 
and the mean age was 68.42 years (standard deviation (SD) = 11.66). The sUA norm was exceeded in 137 
of the patients (24.95%). Hyperuricemia is more likely to occur in women (risk ratio (RR) = 1.52, 95% 
confidence interval (95% CI) = 1.016–2.288, p = 0.042), in patients with chronic kidney disease (CKD) 
(RR = 3.452, 95% CI = 2.432–4.854, p < 0.001) and in patients with higher body mass index (BMI)s 
(RR = 1.048, 95% CI = 1.008–1.090, p = 0.018). In the whole study group, during the study, 178 of the pa-
tients died (32.41.9%), more often those with hyperuricemia: (60/137 patients (43.8%)) compared to patients 
with normal sUA values (118/412 values (28.64%)); p < 0.001). There was a significant correlation between 
an increase in sUA levels and an increase in mortality (p < 0.001). Independent risk factors of death were 
age (RR = 1.086, 95% CI = 1.065–1.108, p < 0.001), sUA (RR = 1.245, 95% CI = 1.131–1.370, p = 0.041), 
ejection fraction (EF) (RR = 0.928, 95% CI = 0.910–0.946, p < 0.001) and hemoglobin concentration 
(RR = 0.685, 95% CI = 0.611–0.768, p < 0.001).

Conclusions. Serum UA concentration is an independent risk factor of long-term mortality in patients who 
have undergone NSTEMI, and is associated with higher in-hospital death rates. Secondary prevention after 
NSTEMI should entail management of the patients’ sUA levels.

Key words: uric acid, myocardial infarction, mortality, hyperuricemia, gout
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Introduction

Cardiovascular disease (CVD) is  the  leading cause 
of death worldwide.1 Among other conditions, this group 
of diseases includes acute coronary syndromes (ACS). 
Their occurrence depends on risk factors that can be di-
vided into modifiable (such as hypertension, diabetes, obe-
sity, dyslipidemia, lack of physical activity, current smok-
ing, moderate alcohol use) and non-modifiable (which 
include age, gender and family history).2 In order to pre-
vent the occurrence of ACS more effectively, it is impor-
tant to identify new modifiable risk factors as well as ways 
to control them.

The effects of excessive serum uric acid levels (sUA) were 
an intensely studied subject in recent decades. Although 
the  physiopathological mechanisms leading to  an  in-
creased risk of CVD are still a matter of debate, numerous 
studies have shown that uric acid (UA) is significantly as-
sociated with essential hypertension, ACS and chronic cor-
onary syndrome, and heart failure, as well as with stroke, 
chronic kidney disease (CKD) and type 2 diabetes melli-
tus (DM2). Many researchers indicate that sUA is an in-
dependent risk factor for these pathologies.3–5

The prognostic value of sUA levels after ACS has also 
been investigated in several studies in recent years, and 
high levels of sUA on admission were found to be indepen-
dently associated with in-hospital and long-term adverse 
outcomes across the whole spectrum of patients with ACS, 
including non-ST-segment elevation myocardial infarction 
(NSTEMI).6–13

Due to gradual increases in NSTEMI cases over STEMI 
and the limited number of studies focused on NSTEMI, 
we decided to investigate the relationship between sUA lev-
els and the long-term prognosis of patients with NSTEMI 
in the study population. In addition, our work is novel 
in presenting very accurate clinical, biochemical, echo-
cardiographic, and angiographic characteristics, which 
are not included in previous studies. The very long ob-
servation time, during which not only total mortality was 
assessed but also the type of revascularization treatment 
during the observation period, is also noteworthy.

The aim of the study was to assess the relationship be-
tween sUA levels and the long-term prognosis of patients 
with NSTEMI.

Material and methods

The  study was conducted at  the  Clinical Hospital 
of  the Medical University of Bialystok (Poland). Based 
on the medical records, 9328 patients were hospitalized 
(1594 with ACS) between 2011 and 2013, of which 726 
were NSTEMI cases.

From the group of patients with NSTEMI, our analy-
sis excluded 177 patients with diagnosed neoplasms, with 
estimated glomerular filtration rate (eGFR) <15, those lost 

in follow-up and those with missing data, leaving 549 pa-
tients in the final analysis.

The norm for UA concentration was defined as 6 mg/dL 
for women and 7 mg/dL for men, as is standard in most 
studies.13 The norm was exceeded by 52 women (30.6%) 
and 85 men (22.4%). The study population was divided 
into quartiles on the basis of their sUA levels, and for each 
of them, a comparative analysis and long-term observa-
tion was conducted.

Long-term observation

We  conducted a  two-stage follow-up examination. 
In the 1st stage, the general type of planned revascular-
ization treatment was evaluated, and in  the  2nd stage, 
we investigated total mortality. All-cause mortality was 
collected from the PESEL registry of the Polish Ministry 
of Digital Affairs on November 14, 2018.

The average time from inclusion in the study to death 
or the end of observation was 1866 days (standard deviation 
(SD) = 840); the median was 2092 days. In the group of liv-
ing patients, the average observation time was 2324 days 
(SD = 327); the median was 2335 days. In the whole study 
group, 178 people died (32.4%). In the group of deceased pa-
tients, the average follow-up time was 913 days (SD = 791); 
the median was 660 days.

Statistical analysis

In  the  statistical analysis, the  distribution of  vari-
ables was evaluated using the Kolmogorov–Smirnov test. 
The two-tailed T-test and analysis of variance (ANOVA) 
test were used for comparative analysis. Non-normally 
distributed data was compared using the Mann–Whitney 
test. The results obtained were presented as mean values 
with SD or as percentage values corresponding to rela-
tive frequency.

Pearson’s rank correlation test was applied for evaluating 
relationships among the biochemical parameters. A forward 
stepwise (Wald) logistic regression was used to determine 
mortality risk factors. The results were presented as risk ra-
tios (RR) from the 5th to the 95th. A two-sided p-value ≤0.05 
was considered significant. All analyses were performed 
using MS Excel v. 16.40 (Microsoft Corp., Redmond, USA) 
and SPSS IBM software v. 26 (IBM Corp., Armonk, USA).

The  study was approved by  the  Bioethics Commit-
tee of the Medical University of Bialystok (approval No. 
R-1-002/18/2019).

Results

A total of 549 patients were qualified for the analysis, 
with men in the majority (n = 379, 69.03%). The mean age 
of the entire group was 68.42 years (SD = 11.66). The ma-
jority of the patients (n = 422, 76.87%) were burdened with 
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arterial hypertension; 158 (28.78%) had CKD; 140 (25.5%) 
had DM2; 123 (22.4%) had a history of previous myocardial 
infarction; and 23 (4.19%) suffered from gout. All the pa-
tients had undergone invasive treatments. Nearly 1 in 3 pa-
tients had a narrowing of more than 1 coronary artery. 
The most common procedure they had undergone was 
a percutaneous coronary intervention (PCI) on the left an-
terior descending coronary artery (LAD; n = 156, 28.42%;). 
Coronary artery bypass surgery (CABG) had been per-
formed on 34 (6.19%) of the patients. During the follow-
up period, 168 (30.06%) of the patients had a PCI and 50 
(9.11%) underwent a CABG procedure (Table 1).

The mean concentration of sUA in the study group was 
5.78 mg/dL (SD = 1.89 mg/dL). The lowest observed value 
was 1.92 mg/dL. In 133 (25%) of the patients, the sUA concen-
tration was below 4.42 mg/dL, and in 149 (25%) of the group 
the level was above 6.69 mg/dL. The highest observed value 

was 14.12 mg/dL. The median sUA value was 5.42 mg/dL 
(interquartile range (IQR) = 2.27) (Table 2, Fig. 1).

Serum UA concentration correlates inversely with total 
serum cholesterol concentration (R = −0.10) and serum 
high-density-lipoprotein (HDL) cholesterol concentration 
(R = −0.26). However, there is a positive correlation between 
sUA and creatinine concentration (R = 0.50), and between 
sUA and triglyceride (R = 0.14) concentration (Table 3).

The group with elevated sUA values (over 6.69 mg/dL) 
was significantly older than the one with sUA values un-
der 4.42 mg/dL: 72.30 (SD = 10.38) compared to 67.13 
(SD = 11.78); p < 0.001. The elevated group also had a sig-
nificantly higher heart rate on admission (81.9 (SD = 18.09) 
compared to 75.93 (SD = 17.21)); p < 0.001) and a lower ejec-
tion fraction (EF) (41.11 (SD = 12.16) compared to 45.44 
(SD = 9.93); p < 0.001) than the group with sUA values un-
der 4.42 mg/dL. Additionally, gout was diagnosed more 

Table 1. Characteristics of the studied population

Parameter Studied population 
(n = 549)

Age [years], mean (SD) 68.42 (11.66)

Male, % (n) 69.03 (379)

BMI [kg/m2], mean (SD) 27.81 (4.92)

SBP on admission [mm Hg], mean (SD) 139.7 (23.46)

DBP on admission [mm Hg], mean (SD) 79.81 (13.71)

Heart rate on admission [mm Hg], mean (SD) 77.42 (17.61)

EF [%], mean (SD) 44.36 (10.68)

Gout, % (n) 4.19 (23)

Arterial hypertension, % (n) 76.87 (422)

DM2, % (n) 25.50 (140)

Previous myocardial infarction, % (n) 22.40 (123)

CKD, % (n) 28.78 (158)

sUA concentration [mg/dL], mean (SD) 5.78 (1.89)

Exceeded sUA norm, % (n) 24.95 (137)

Serum creatinine concentration [mg/dL], mean 
(SD)

1.00 (0.35)

eGFR [mL/min/1.73 m2], mean (SD) 75.67 (21.99)

Hemoglobin concentration [g/dL], mean (SD) 13.69 (1.79)

Platelet count [×103/mm3], mean (SD) 221.08 (88.25)

Leukocytes count [×106/mm3], mean (SD) 9.23 (5.08)

Total serum cholesterol concentration [mg/dL], 
mean (SD)

198.04 (51.79)

Serum LDL cholesterol concentration [mg/dL], 
mean (SD)

130.49 (47.65)

Serum HDL cholesterol concentration [mg/dL], 
mean (SD)

47.67 (12.53)

Serum triglyceride concentration [mg/dL], 
mean (SD)

120.32 (84.88)

Serum glucose concentration on admission 
[mg/dL], mean (SD)

128.71 (45.84)

Potassium concentration [mEq/L], mean (SD) 4.28 (0.43)

Sodium concentration [mEq/L], mean (SD) 138.92 (3.52)

Parameter Studied population 
(n = 549)

Fibrinogen concentration [mg/dL], mean (SD) 432.50 (107.86)

Patients with eGFR >90 mL/min/73 m2, % (n) 31.33 (172)

Patients with eGFR 60–90 mL/min/1.73 m2, 
% (n)

44.26 (243)

Patients with eGFR 45–60 mL/min/1.73 m2, 
% (n)

12.75 (70)

Patients with eGFR 30–45 mL/min/1.73 m2, 
% (n)

8.38 (46)

Patients with eGFR 15–30 mL/min/1.73 m2, 
% (n)

3.28 (18)

Multi vessel disease 37.83 (199)

PCI LM, % (n) 4.19 (23)

PCI LAD, % (n) 28.42 (156)

PCI RCA, % (n) 24.77 (136)

PCI Diag, % (n) 4.74 (26)

PCI Cx, % (n) 25.14 (138)

PCI IM, % (n) 2.01 (11)

PCI M, % (n) 11.11 (61)

CABG, % (n) 6.19 (34)

In-hospital mortality, % (n) 2.55 (14)

Conservative treatment during follow-up, % (n) 51.55 (283)

CABG during follow-up, % (n) 9.11 (50)

PCI during follow-up, % (n) 30.6 (168)

Deaths during follow-up, % (n) 32.42 (178)

BMI – body mass index; SBP – systolic blood pressure; sUA – serum 
uric acid; DBP – diastolic blood pressure; DM2 – diabetes mellitus 
type 2; CABG – coronary artery bypass grafting; Cx – circumflex artery; 
EF – ejection fraction; CKD – chronic kidney disease; eGFR – estimated 
glomerular filtration rate; HDL – high density lipoprotein; 
IM – intermediate; LDL – low density lipoprotein; LMCA – left main 
coronary artery; LAD – left anterior descending artery; M – marginal; 
PCI – percutaneous coronary intervention; PDA – posterior descending 
artery; RCA – right coronary artery; SD – standard deviation.
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frequently in this group (16 patients (11.67%) compared 
to 7 patients (1.70%); p < 0.001)), as well as CKD (84 patients 
(61.31%) compared to 74 patients (17.96%); p < 0.001), which 
was associated with differences in the frequency of differ-
ent ranges of eGFR values. We also observed that the group 
with elevated sUA values had a significantly higher average 

serum creatinine concentration (1.25 mg/dL (SD = 0.46) 
compared to 0.91 mg/dL (SD = 0.26); p < 0.001); a lower 
average eGFR (57.92 mL/min/1.73 m2 (SD = 22.65) com-
pared to 81.58 mL/min/1.73 m2 (SD = 18.31); p < 0.001); 
and a lower average serum HDL cholesterol concentra-
tion (43.68 mg/dL (SD = 13.43) compared to 48.98 mg/dL 
(SD = 11.95); p < 0.001). Additionally, patients with hy-
peruricemia died more often during the study (60/137 pa-
tients (43.8%)) compared to patients with normal sUA val-
ues (118/412 values (28.64%)); p = 0.01) and had a higher 
in-hospital death rate (8/137 patients (5.84%) compared 
to 6/412 patients (1.46%); p = 0.04) (Table 4, Fig. 2).

A multivariable regression analysis showed that hyper-
uricemia was more likely to occur in women (RR = 1.52, 
95% confidence interval (95% CI) = 1.016–2.288, p = 0.042) 
and in patients with CKD (RR = 3.452, 95% CI = 2.432–
4.854, p < 0.001). People with higher body mass index 
(BMI) (RR = 1.048, 95% CI = 1.008–1.090, p = 0.018) were 
more likely to have increased sUA levels, but this like-
lihood decreased with an  increase in  EF (RR  =  0.964, 
95% CI = 0.946–0.981, p < 0.001) or in HDL concentration 
(RR = 0.963, 95% CI = 0.946–0.980, p < 0.001) (Table 5).

The study population was divided into quartiles based 
on their sUA level. Patients in the 4th quartile (4Q) were 
the oldest (p < 0.001) and showed the lowest EF (p < 0.001). 
The 2nd quartile (2Q) was associated with the rarest occur-
rence of DM2 and hypertension (p < 0.001). With increasing 
concentrations of sUA, the occurrence of CKD and death 
increased (p < 0.001), especially in the 4Q (Table 6, Fig. 3).

The  patients who died during the  observation pe-
riod were statistically older than those who sur-
vived (74.76 years (SD = 9.86) compared to 65.37 years 
(SD = 11.23); p < 0.001); had higher heart rates on ad-
mission (82.53 bpm (SD = 18.61) compared to 74.97 bpm 
(SD = 16.59, p < 0.001); had lower EF (38.84% (SD = 12.21) 

Fig. 1. Histogram of sUA concentration

Fig. 2. Kaplan–Meier survival curve. Survival curves for normal serum uric 
acid values (continuous line) vs exceeded serum uric acid values (dashed 
line).

0

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00
2

re
la

tiv
e 

fr
eq

ue
nc

y

4
serum uric acid concentration [mg/mL]

6 8 10 12 14 16 18 20

0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
500 1000 1500

survival time [days]

su
rv

iv
al

 p
ro

ba
bi

lit
y

2000 2500 3000

Table 2. Serum uric acid concentration in the study population

Parameter UA [mg/dL]

Minimum 1.92

Maximum 14.12

Mean 5.78

SD 1.89

Median 5.42

1Q 4.42

3Q 6.69

IQR 2.27

Sum 549

UA – uric acid; IQR – interquartile range; SD – standard deviation; 1Q – 1st 
quartile; 3Q – 3rd quartile.

Table 3. Pearson’s correlations between biochemical parameters 
(significant results were underlined, p < 0.05)

Parameter R 

Creatinine concentration 0.50

Fibrinogen concentration 0.02

Hemoglobin concentration 0.02

Platelet count −0.08

Leukocytes 0.04

Total serum cholesterol concentration −0.10

Serum LDL cholesterol concentration −0.07

Serum HDL cholesterol concentration −0.26

Serum triglyceride concentration 0.14

Serum glucose concentration 0.09

Potassium concentration 0.10

Sodium concentration −0.07

LDL – low-density lipoprotein; HDL – high-density lipoprotein.
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Table 4. Comparison of patients with exceeded sUA value and normal

Parameter Exceeded value 
(n = 137) Normal value (n = 412) p-value

Age [years], mean (SD) 72.30 (10.38) 67.13 (11.78) <0.001

Male, % (n) 62.04 (85) 71.36 (294) 0.045

BMI [kg/m2], mean (SD) 28.68 (5.33) 27.52 (4.75) 0.03

SBP on admission [mm Hg], mean (SD) 137.56 (23.37) 140.42 (23.47) 0.22

DBP on admission [mm Hg], mean (SD) 78.86 (14.82) 80.13 (13.32) 0.37

Heart rate on admission [mm Hg], mean (SD) 81.9 (18.09) 75.93 (17.21) <0.001

EF [%], mean (SD) 41.11 (12.16) 45.44 (9.93) <0.001

Arterial hypertension, % (n) 81.02 (111) 75.49 (311) 0.16

DM2, % (n) 35.77 (49) 22.09 (91) 0.003

Gout, % (n) 11.67 (16) 1.7 (7) <0.001

Previous myocardial infarction, % (n) 32.12 (44) 19.17 (79) 0.004

CKD, % (n) 61.31 (84) 17.96 (74) <0.001

Patients with eGFR ≥90 mL/min/1.73 m2, % (n) 8.76 (12) 38.83 (160) <0.001

Patients with eGFR 60–89 mL/min/1.73 m2, % (n) 35.04 (48) 47.33 (195) 0.01

Patients with eGFR 45–59 mL/min/1.73 m2, % (n) 23.36 (32) 9.22 (38) <0.001

Patients with eGFR 30–44 mL/min/1.73 m2,% (n) 23.36 (32) 3.4 (14) <0.001

Patients with eGFR 15–29 mL/min/1.73 m2, % (n) 9.49 (13) 1.21 (5) 0.002

PCI LM [%] (n) 3.65 (5) 4.37 (18) 0.71

PCI LAD [%] (n) 32.85 (45) 26.94 (111) 0.20

PCI RCA [%] (n) 27.01 (37) 24.03 (99) 0.49

PCI Diag [%] (n) 2.19 (3) 5.58 (23) 0.045

PCI Cx [%] (n) 22.63 (31) 25.97 (107) 0.43

PCI IM [%] (n) 0.73 (1) 2.43 (10) 0.11

PCI M [%] (n) 10.95 (15) 11.17 (46) 0.94

Further conservative treatment, % (n) 46.72 (64) 53.16 (219) 0.19

CABG during admission, % (n) 6.57 (9) 6.07 (25) 0.84

Elective CABG, % (n) 12.41 (17) 8.01 (33) 0.16

Elective PCI, % (n) 28.47 (39) 31.31 (129) 0.53

In-hospital mortality, % (n) 5.84 (8) 1.46 (6) 0.04

Deaths, % (n) 43.8 (60) 28.64 (118) <0.001

Serum creatinine concentration [mg/dL], mean (SD) 1.25 (0.46) 0.91 (0.26) <0.001

eGFR, CKD-EPI (mL/min/1.73 m2, % (n)), mean (SD) 57.92 (22.65) 81.58 (18.31) <0.001

Hemoglobin concentration [g/dL], mean (SD) 13.37 (2.05) 13.79 (1.68) 0.03

Platelet count [×103/mm3], mean (SD) 219.08 (110.74) 221.75 (79.53) 0.80

Leukocytes [×106/mm3], mean (SD) 9.44 (1.29) 9.16 (3.78) 0.42

Total serum cholesterol concentration [mg/dL], mean (SD) 186.41 (55.9) 201.92 (49.82) 0.005

Serum LDL cholesterol concentration [mg/dL], mean (SD) 119.73 (48.8) 134.08 (46.78) 0.003

Serum HDL cholesterol concentration [mg/dL], mean (SD) 43.68 (13.43) 48.98 (11.95) <0.001

Serum triglyceride concentration [mg/dL], mean (SD) 141.27 (107.59) 113.34 (74.68) 0.006

Serum glucose concentration on admission [mg/dL], mean (SD) 139.43 (49.36) 125.14 (44.1) 0.003

Potassium concentration [mEq/L], mean (SD) 4.36 (0.52) 4.25 (0.4) 0.03

Sodium concentration [mEq/L], mean (SD) 138.41 (4.5) 139.09 (3.11) 0.10

Fibrinogen concentration [mg/dL], mean (SD) 445.56 (110.77) 13.79 (1.68) 0.11

BMI – body mass index; SBP – systolic blood pressure; sUA – serum uric acid; DBP – diastolic blood pressure; DM2 – diabetes mellitus type 2; 
CABG – coronary artery bypass grafting; Cx – circumflex artery; EF – ejection fraction; CKD – chronic kidney disease; eGFR – estimated glomerular 
filtration rate; CKD-EPI – chronic kidney disease-epidemiology collaboration formula; HDL – high density lipoprotein; IM – intermediate; LDL – low 
density lipoprotein; LMCA – left main coronary artery; LAD – left anterior descending artery; M – marginal; PCI – percutaneous coronary intervention; 
PDA – posterior descending artery; RCA – right coronary artery; SD – standard deviation.
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compared to 46.96% (SD = 8.77); p < 0.001); and more fre-
quently had a history of DM2 (59 (33.15%) compared to 81 
(21.83%); p = 0.007) and myocardial infarction (54 (30.34%) 
compared to 69 (18.6%); p = 0.004). They were diagnosed 
more frequently with CKD (83 patients (46.63%) compared 
to 75 (20.22%); p < 0.001); therefore, they were predom-
inantly in the eGFR ranges of 45–59 mL/min and 30–
44 mL/min. Regarding invasive artery treatment, the only 
difference between the group who died and the survivors 

was that PCIs for the left main coronary artery (PCI LM) 
had been performed more often on the patients who died 
(14 (7.87%) compared to 9 (2.43%); p = 0.013). The pa-
tients who died also had higher concentrations of sUA 
and creatinine, along with lower eGFR and hemoglobin 
concentration. On admission, they had lower concentra-
tions of total cholesterol (185.3 mg/dL (SD = 52.76) com-
pared to 204.1 mg/dL (SD = 50.28); p < 0.001) and its 
fractions than the survivors; they also had higher con-
centrations of glucose (138.81 mg/dL (SD = 52.49) com-
pared to 123.85 mg/dL (SD = 41.5); p < 0.001) and fibrino-
gen (466 mg/mL (SD = 115.52) compared to 416.43 mg/mL 
(SD = 100.24); p < 0.001) (Table 7).

The multivariable regression analysis showed that the risk 
of  death increased significantly with age (RR  =  1.086, 
95% CI = 1.065–1.108, p < 0.001) and increases in sUA con-
centration (RR = 1.245, 95% CI = 1.131–1.370, p = 0.041), 
but also decreased with increases in  EF (RR  =  0.928, 
95% CI = 0.910–0.946, p < 0.001) and hemoglobin con-
centrations (RR = 0.685, 95% CI = 0.611–0.768, p < 0.001) 
(Table 8).

Discussion

In  this long-term observational study, we  assessed 
the influence of sUA levels among patients with NSTEMI. 
We found that a high sUA level was a factor that increased 
mortality. The  study also showed that high levels 

Fig. 3. Kaplan–Meier survival curve. Survival curves for 1 quartile of serum 
uric acid concentration (continuous line) vs 4 quartile (dashed line)
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Table 5. Multivariable logistic regression forward stepwise Wald method – OR for exceeding the norm of UA concentration

Parameter p-value RR 95% CI for RR

Male 0.042 0.656 0.437–0.984

Age (for every 1 year) <0.001 1.042 1.023–1.060

CKD <0.001 3.452 2.432–4.854

EF (for each 1% increase) <0.001 0.964 0.946–0.981

BMI (for each 1 kg/m2 increase) 0.018 1.048 1.008–1.090

HDL (for each 1 mg/dL increase) <0.001 0.963 0.946–0.980

R² Nagelkerke – 0.89; BMI – body mass index; CI – confidence interval; EF – ejection fraction; HDL – high density lipoprotein; RR – risk ratio; OR – odds ratio; 
UA – uric acid; CKD – chronic kidney disease.

Table 6. Quartiles of sUA in the study population

 Quartiles
Parameters

1Q
(<4.42)

(n = 133)

2Q
(4.42–5.42)

(n = 132)

3Q
(5.36–6.69)

(n = 135)

4Q
(>6.69)

(n = 149)
p-value

Male, % (n) 57.14 (76) 68.18 (90) 72.59 (98) 77.18 (115) p < 0.001

Age [years], mean, (SD) 67.56 (11.46) 66.71 (11.89) 68.15 (12.7) 70.93 (10.24) p < 0.001

EF (%), mean, (SD) 45.32 (9.29) 46.09 (10.26) 45.96 (9.05) 40.53 (12.57) p < 0.001

Hypertension, %, (n) 77.44 (103) 69.7 (92) 79.26 (107) 80.54 (120) p < 0.001

DM2, %, (n) 26.32 (35) 18.94 (25) 23.7 (32) 32.21 (48) p < 0.001

CKD, %, (n) 12.78 (17) 18.18 (24) 25.19 (34) 55.7 (83) p < 0.001

Deaths, %, (n) 27.82 (37) 28.03 (37) 27.41 (37) 44.97 (67) p < 0.001

CKD – chronic kidney disease; EF – ejection fraction; DM2 – type 2 diabetes mellitus; SD – standard deviation; 1Q – 1st quartile; 2Q – 2nd quartile; 3Q – 3rd 
quartile; 4Q – 4th quartile.
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Table 7. Comparison of dead and surviving patients

Parameter Alive patients (n = 371) Dead patients (n = 178) p-value

Age [years], mean (SD) 65.37 (11.23) 74.76 (9.86) <0.001

Male, % (n) 71.16 (264) 64.61 (115) 0.128

BMI [kg/m2], mean (SD) 28.05 (4.76) 27.32 (5.23) 0.115

SBP on admission [mm Hg], mean (SD) 141.15 (22.22) 136.7 (25.64) 0.048

DBP on admission [mm Hg], mean (SD) 80.83 (13.04) 77.7 (14.82) 0.017

Heart rate on admission [mm Hg], mean (SD) 74.97 (16.59) 82.53 (18.61) <0.001

EF [%], mean (SD) 46.96 (8.77) 38.84 (12.21) <0.001

Arterial hypertension, % (n) 76.01 (282) 78.65 (140) 0.487

DM2, % (n) 21.83 (81) 33.15 (59) 0.007

Gout, % (n) 3.5 (13) 5.62 (10) 0.286

Previous myocardial infarction, % (n) 18.6 (69) 30.34 (54) 0.004

CKD, % (n) 20.22 (75) 46.63 (83) <0.001

eGFR ≥90 mL/min/1.73 m2, % (n) 40.16 (149) 12.92 (23) <0.001

eGFR 60–90 mL/min/1.73 m2, % (n) 43.94 (163) 44.94 (80) 0.824

eGFR 45–60 mL/min/1.73 m2, % (n) 8.63 (32) 21.35 (38) <0.001

eGFR 30–45 mL/min/1.73 m2, % (n) 5.39 (20) 14.61 (26) 0.002

eGFR 15–30 mL/min/1.73 m2, % (n) 1.89 (7) 6.18 (11) 0.028

PCI LM, % (n) 2.43 (9) 7.87 (14) 0.013

PCI LAD, % (n) 30.19 (112) 24.72 (44) 0.175

PCI RCA, % (n) 25.07 (93) 24.16 (43) 0.817

PCI Diag, % (n) 4.31 (16) 5.62 (10) 0.52

PCI Cx, % (n) 25.07 (93) 25.28 (45) 0.957

PCI IM, % (n) 2.16 (8) 1.69 (3) 0.701

PCI M, % (n) 11.05 (41) 11.24 (20) 0.949

CABG, % (n) 53.37 (198) 47.75 (85) 0.219

Conservative treatment during follow-up, % (n) 6.2 (23) 6.18 (11) 0.993

CABG treatment during follow-up, % (n) 7.82 (29) 11.8 (21) 0.156

PCI treatment during follow-up, % (n) 32.61 (121) 26.4 (47) 0.132

sUA concentration [mg/dL], mean (SD) 5.52 (1.6) 6.32 (2.31) <0.001

Exceeded sUA norm, % (n) 20.75 (77) 33.71 (60) 0.002

Serum creatinine concentration [mg/dL], mean (SD) 0.94 (0.32) 1.11 (0.4) <0.001

eGFR [mL/min*1.73 m2], mean (SD) 80.85 (20.1) 64.88 (21.9) <0.001

Hemoglobin concentration [g/dL], mean (SD) 14.05 (1.7) 12.93 (1.74) <0.001

Platelet count [×103/mm3], mean (SD) 217.32 (72.17) 228.93 (114.6) 0.217

Leukocytes [×106/mm3], mean (SD) 9.09 (3.37) 9.53 (1.69) 0.188

Total serum cholesterol concentration [mg/dL], mean (SD) 204.1 (50.28) 185.3 (52.76) <0.001

Serum LDL cholesterol concentration [mg/dL], mean (SD) 136.22 (46.81) 118.45 (47.29) <0.001

Serum HDL cholesterol concentration [mg/dL], mean, (SD) 48.86 (12.01) 45.2 (13.22) 0.002

Serum triglyceride concentration [mg/dL], mean (SD) 122.57 (89.76) 115.6 (73.58) 0.34

Serum glucose concentration on admission [mg/dL], mean (SD) 123.85 (41.5) 138.81 (52.49) <0.001

Potassium concentration [mEq/L], mean (SD) 4.28 (0.41) 4.29 (0.49) 0.808

Sodium concentration [mEq/L], mean (SD) 139.14 (2.92) 138.48 (4.49) 0.075

Fibrinogen concentration [mg/dL], mean (SD) 416.43 (100.24) 466 (115.52) <0.001

BMI – body mass index; SBP – systolic blood pressure; sUA – serum uric acid; DBP – diastolic blood pressure; DM2 – diabetes mellitus type 2; CABG 
– coronary artery bypass grafting; Cx – circumflex artery; EF – ejection fraction; CKD – chronic kidney disease; eGFR – estimated glomerular filtration rate; 
HDL – high density lipoprotein; IM – intermediate; LDL – low density lipoprotein; LMCA – left main coronary artery; LAD – left anterior descending artery; 
M – marginal; PCI – percutaneous coronary intervention; PDA – posterior descending artery; RCA – right coronary artery; SD – standard deviation.
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of creatinine and triglycerides as well as a high BMI co-
existed with high sUA, as did low HDL cholesterol and EF.

Uric acid is the end result of purine metabolism, which 
mainly occurs in the liver. Its serum levels depend on many 
factors, such as purine intake from the diet, liver metab-
olism, excretion by the kidneys, and intestinal degenera-
tion.14 There are several theories about possible pathophys-
iological mechanisms that are triggered by hyperuricemia. 
An  increased concentration of UA may cause deposits 
of sodium urate crystals not only in the periarticular tis-
sues but also within the walls of blood vessels. The conse-
quence of the presence of these deposits within the walls 
of blood vessels is damage to the endothelium, which pro-
motes atherosclerotic changes. The deposits also cause 
chronic inflammation and damage to the vessel structure, 
which may all play a role in the occurrence of ACS.15,16 
An additional mechanism is the influence of high sUA lev-
els on the HMGB1/RAGE signaling pathway. This induc-
es oxidative stress and an inflammatory response, which 
consequently causes endothelial dysfunction.17

Many previous studies have tried to establish the role 
of sUA in the occurrence of CVD, with contradictory re-
sults. In a recent study, researchers from Pakistan report-
ed that in a group of acute myocardial infarction (AMI) 
patients, sUA levels were higher than in the control group, 
as was the number of patients with hyperuricemia.18

Hyperuricemia has already been linked to the occurrence 
of other diseases that are known risk factors for ACS, such 
as hypertension, dyslipidemia, obesity, metabolic syndrome, 
and CKD.4,5 The significance of UA in hypertension is re-
flected in the guidelines of the European Society of Hyper-
tension, which recommend testing sUA levels as a routine 
laboratory test in hypertensive patients.19 The use of sUA 
as a marker for cardiac ischemia, which occurs in ACS, might 
be supported by the fact that adenosine, which is released 
during ischemia and tissue hypoxia, is degraded by the endo-
thelium to UA, resulting in elevated sUA concentrations.20,21

In our study, we observed a positive correlation between 
the high sUA levels and elevated levels of creatinine and 
triglycerides. These results overlap with findings from Ha-
jizadeh et al., Tuomilehto et al. and Nagahama et al.8,22,23 
A positive correlation was also found for lower EF and low-
er rates of CKS, as other researchers have also noted.8,24,25

Most studies have confirmed the impact of high sUA lev-
els on increased mortality in patients with AMI, especially 
the STEMI subtype.26,27 On the other hand, we can also find 

contradictory results,8 including a study that denies any link 
between sUA and mortality from all causes, including CVD.28

A meta-analysis conducted in 2019 by He et al. noted 
that ACS patients with hyperuricemia had a higher risk 
of all-cause and cardiovascular mortality.29 It was also 
suggested that further studies taking into account the spe-
cific subtype of ACS patients are needed. In the present 
study, almost every third patient with NSTEMI died dur-
ing the observation. In the group of patients with elevated 
UA levels, the death rate was 1.5 times higher. A graded 
increase was demonstrated in the incidence of mortality 
by increasing quartiles of hyperuricemia.

In addition, Mora-Ramírez et al. showed that high levels 
of sUA on admission have an impact on short-term mor-
tality among patients admitted due to STEMI with a high 
prevalence of cardiovascular risk factors.30 In 2019, Wei 
et al. confirmed the influence of UA on long-term mor-
tality in a group of patients with ACS who had undergone 
PCI.31 In our long-term observation, hyperuricemia is as-
sociated with higher long-term mortality in patients fol-
lowing NSTEMI. Additional adverse prognostic factors 
were age, EF and hemoglobin concentration.

These findings encourage consideration of proceeding 
earlier with UA-lowering treatment in order to reduce car-
diovascular risks and potential mortality if they occur, es-
pecially since hyperuricemia can be effectively controlled 
with pharmacological treatment. Prospective studies are 
necessary to show whether this treatment strategy will 
bring about the desired results

Limitations

Our study had several limitations. First, it was a sin-
gle-center-based study that may not have general appli-
cation, but the large study group and long follow-up pe-
riod were certainly strengths. Second, survival data was 
obtained using personal identification numbers (PESEL) 
and causes of death were not taken into account − only 
when death occurred.

Conclusions

One in 4 patients had sUA levels above the norm. Fac-
tors predisposing patients to elevated UA levels were high 
BMI, CKD, female sex, low HDL, and low left ventricular 

Table 8. Multivariable logistic regression forward stepwise Wald method – risk of death

Parameter p-value RR 95% CI for RR

Age (for every 1 year) <0.001 1.086 1.065–1.108

EF (for each 1% increase) <0.001 0.928 0.910–0.946

sUA concentration (for each 1 mg/dL increase) 0.041 1.245 1.131–1.370

Hemoglobin concentration (for each 1 mg/dL increase) <0.001 0.685 0.611–0.768

R² Nagelkerke – 0.72; sUA – serum uric acid; EF – ejection fraction; RR – risk ratio; 95% CI – 95% confidence interval.
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ejection fraction (LVEF). Nearly every 3rd patient with a di-
agnosis of ACS died during the observation. In the group 
of patients with elevated UA concentrations, the death rate 
was 1.5 times higher. Serum UA concentration is an inde-
pendent risk factor of long-term mortality in patients who 
have undergone NSTEMI, and is associated with higher 
in-hospital death rates. Additional adverse prognostic fac-
tors were age, low EF and low hemoglobin concentration. 
Secondary prevention after NSTEMI should entail man-
agement of the patients’’ sUA levels.
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Abstract
Background. Clinical trials indicate an increased risk of osteoporosis and bone fractures in people infected 
with human immunodeficiency virus (HIV). The pathogenesis of bone disturbances in HIV-positive patients 
is unknown, but it is suggested that antiretroviral drugs may be involved.

Objectives. To assess the effects of efavirenz (EF) and tenofovir (T) on bone remodeling in rats.

Material and methods. The study involved 36 male Wistar rats divided into 3 groups, receiving normal 
saline (control group – group C), efavirenz (group EF) or tenofovir disoproxil (group T).

Results. After 24 weeks of the study, the following observations were made: In blood serum of the EF group 
compared to group C, there were increased levels of tartrate-resistant acid phosphatase form 5b (TRAP) and 
inorganic phosphorus. In the densitometric examination, group T showed a lower total body (TB) bone mineral 
density (BMD) than group C. In the immunohistochemical assessment, group EF showed a higher intensity 
and extension of anti-tartrate resistant acid phosphatase antibodies (abTRAP) compared to group C. In the 
histopathological examination of the second lumbar vertebra (L2), group EF showed a lower bone surface/
volume ratio (BS/BV) and higher trabecular thickness (Tb.Th) than the control group. In the histopathological 
examination of the femur, a lower bone surface/tissue volume (BS/TV) and lower trabecular number (Tb.N) 
were found in group T compared to in group C. A lower value of the Young’s modulus was observed in the 
four-point bending trial in groups EF and T compared to group C.

Conclusions. The results of this study indicate that EF affects bone microarchitecture and leads to impaired 
biomechanical properties of bones in rats. Additionally, the negative effect of T on bone tissue was confirmed.

Key words: bone, rat model, efavirenz, tenofovir, antiretroviral drug
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Introduction

Human immunodeficiency virus (HIV) and acquired im-
munodeficiency syndrome (AIDS) constitute an increas-
ing epidemiological problem. It  is estimated that about 
36.9 million people in the world are HIV-positive, includ-
ing 1.8 million children below 15 years of age.1 Highly 
active antiretroviral therapy (HAART) is the only method 
of treatment of HIV infections. It is currently administered 
to neonates, infants and young children infected with HIV.

Effective antiretroviral treatment reduces HIV RNA vi-
remia and the incidence of opportunistic infections and 
tumors in  HIV-positive patients, thus extending their 
survival and reducing the mortality rate. The necessity 
of chronic antiretroviral therapy is associated with in-
creasing challenges in the form of chronic drug-related ad-
verse effects, including osteoporosis. A detailed knowledge 
of possible adverse effects of a drug allows medical teams 
to optimize the benefits of antiretroviral therapy while 
minimizing the risks associated with long-term treatment. 
The necessity of treating children requires assessments 
of the effects of the drugs administered on the process-
es of growth, development and maturation of individu-
al organs.

Reduced bone mineral density (BMD), decreases in bone 
mass and changes in bone microarchitecture are reported 
in HIV-positive children and adolescents.2,3 Lower BMD 
in  HIV-positive children is  associated with decreases 
in vitamin D levels and elevated parathyroid hormones 
(PTH).4,5 T-cell activation with HIV infection decreases 
the number of osteogenic precursors, leading to  lower 
peak bone mass and bone strength.6 As a consequence, 
HIV-infected children do not reach the same peak bone 
mass as found in HIV-negative children, and experience 
an increased frequency of fractures.7 In animal models 
of HIV-1, transgenic rats bone loss is a consequence of en-
hanced osteoclastic bone resorption expressed by an el-
evated RANKL/OPG ratio.8 In addition, Ofotokun et al. 
reported that HIV directly infects circulating osteoclast 
precursors, enhancing their differentiation and migra-
tion to bones, which leads to enhanced bone resorption.9 
On the one hand, bone loss is a direct consequence of HIV 
infection and AIDS-associated diseases such as muscle 
wasting, kidney disease and hypogonadism. An effective 
antiretroviral treatment, causing viral suppression, should 
reduce the bone mass loss associated with chronic inflam-
mation.10 On the other hand, studies of adult patients dem-
onstrate that some antiretroviral treatment schemes result 
in intensified bone mass loss, rather than reduced.11–15 Low 
BMD is diagnosed in HAART-treated people 2.5 times 
more often than those receiving no HAART. Moreover, 
BMD is reduced by as much as 2–6% during the initial 
2 years of antiretroviral therapy.16 Overall, the fracture rate 
with HIV infection is 2–6 times higher than in the general 
population.9 Shiau et al. reported that BMD decreases per-
sist in HIV-infected children even in the immunologically 

stable phase of HIV infection.2 Various antiretroviral drugs 
seem to have different effects on bone metabolism.

The results of previous studies on the effects of anti-
retroviral medication, including efavirenz (EF) and te-
nofovir (T), on bones in children are inconclusive. Some 
authors have reported reduced BMD in children treated 
with EF and T. 17 On the other hand, it has been reported 
that changing the HAART scheme from lopinavir/rito-
navir to EF is associated with higher whole-body BMD.18 
However, Dave et al.19 reported an unfavorable effect of EF 
on bones, demonstrating that exposure to EF as a part 
of the HAART scheme in young HIV-positive patients 
(aged 30–40 years) is independently correlated with lower 
total hip BMD compared to HAART-naive participants.

Gafni et al. reported reduced BMD in children treated 
with tenofovir as a part of the HAART scheme.20 However, 
other authors have observed no BMD reduction in children 
treated with the tenofovir-containing HAART scheme.3,21,22

Bone mass acquired in  childhood and adolescence 
in a main factor influencing peak adult bone mass, which 
is a crucial determinant of future osteoporosis and frac-
ture. A 10% increase in peak bone mass delays the onset 
of osteoporosis by 13 years.23 Therefore it is extremely im-
portant to identify strategies that will allow bone mass de-
terioration to be minimized in children with HIV.

Discrepancies in the results of the aforementioned stud-
ies may stem from non-homogeneous study groups, var-
ious stages of HIV infection and the use of polytherapy 
(which precludes monotherapy studies). For that reason, 
studies on an animal model are reasonable, as they may 
allow assessment of the effect of individual drugs on bone 
metabolism. A rat skeleton grows throughout the lifetime 
of the animal.8

The  purpose of  this study was to  assess the  effects 
of monotherapy with EF (non-nucleoside reverse transcrip-
tase inhibitor – NNRTI) and T (nucleozide reverse tran-
scriptase inhibitor – NRTI) on bone remodeling in rats. 
As the significance of bone loss associated with HAART 
in HIV-patients for fracture risk is unclear,24 we planned 
to examine bone mechanical properties with a four-point-
bending test.

Material and methods

Ethics, the animal model  
and the experimental design

The study protocol was approved by the Local Ethics 
Commission for animal experiments (approval No. LKE 
41/2017). All the procedures involving animals performed 
during the study were in accordance with the ethical stan-
dards and practices of the institution where the study was 
conducted.

The study was conducted on 36 male albino Wistar 
rats, aged 8 weeks, weighing 240–290 g (Animal Research 
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Center, Wroclaw Medical University, Poland). Throughout 
the experiment, the rats were kept in pairs in cages with 
free access to water and standard feed, a diurnal 12:12 
light-to-dark cycle and at a constant ambient temperature 
(21–23°C). The feed (Labofeed; Morawski Feed Company, 
Kcynia, Poland) contained 0.95% calcium, 0.75% phospho-
rus and 800 IU/kg of vitamin D.

After a one-week adaptation period, the animals were 
randomly divided into 3  groups (12  animals in  each 
group): a control group (group C), receiving saline solution 
(4 mL/kg) (0.9% sodium chloride from B. Braun Melsungen 
AG, Melsungen, Germany), group EF, receiving 25 mg/kg 
of efavirenz25 (Stocrin; Merck Sharp Dohme Ltd., Hod-
desdon, UK) and group T, receiving 15 mg/kg of tenofo-
vir disoproxil26 (Teva Operations Poland sp. z o.o., Kraków, 
Poland). The saline solution and study drugs were admin-
istered daily for 24 weeks using gastric tubes.

Body weights were checked once daily throughout 
the 24-week experimental period. In weeks 12 and 24, 
blood samples for serum isolation were collected. The se-
rum was separated with centrifugation (at 1500 × g) and 
then stored at −70°C until required for laboratory tests. 
In weeks 12 and 24 the rats were anesthetized intraper-
itoneally (i.p.) with ketamine (50 mg/kg) and diazepam 
(3 mg/kg). Their BMD was measured with dual-energy X-
ray absorptiometry (DXA).

In week 24, the animals were euthanized under gener-
al anesthesia with ketamine (60 mg/kg i.p.) and xylazine 
(10 mg/kg i.p.). Tibial and femoral bones and second lum-
bar vertebrae (L2) were removed for further tests. The right 
tibial and femoral bones were stored at −70°C; the left tib-
ial and femoral bones, as well as the L2 were fixed in buff-
ered formaldehyde for further histological examination.

Macrometric bone measurements

The  carefully cleaned right femurs and tibias were 
weighed on electronic scales (Radwag AS 60/220/C/; Rad-
wag, Radom, Poland). The length and diameter of both 
bones were measured using electronic calipers (Pro sp. 
z o.o., Bielsko-Biała, Poland) with 0.01 mm resolution.

The  femoral index was calculated from the  formula 
(eq. 1):

femoral index = × 100%femur mass [g]
body weight [g]

The tibial index was calculated from the formula (eq. 2):

tibial index = × 100%tibia mass [g]
body weight [g]

Dual-energy X-ray absorptiometry

The BMD of the total body (TB), femurs and tibias was 
measured in vivo by trained examiners using DXA (Ho-
logic Discovery DXA System; Hologic Inc., Marlborough, 

USA) with software for small animals. The  BMD 
of the lumbar vertebrae (L1–L4) was measured ex vivo 
after the spine was isolated along with the ligaments and 
spinal muscles. The results were obtained as grams of min-
eral content per square centimeter of bone area [g/cm2]. 
The scanner was calibrated daily using a phantom provided 
by the manufacturer.

Bone histological and 
immunohistochemical examination

Rat second lumbar vertebrae, left femurs and left tibias 
were cleaned, and then bones were fixed in 10% neutral 
buffered formalin and decalcified in 10% neutral buffered 
EDTA solution. The EDTA solution was changed once af-
ter 24 h. Second lumbar vertebrae, the metaphyseal and 
epiphyseal of the distal femur, and proximal tibia were 
harvested, embedded in paraffin and cut into 5-µm-thick 
slides. The slides were stained using the standard hematox-
ylin and eosin (H&E) method and scanned using the Ham-
amatsu NanoZoomer v. 2.0 histological slide scanner with 
NDP.scan SQ v. 1.0 software (Hamamatsu Photonics K.K., 
Iwata, Japan). A scanned area of at least 1.5 mm2 (range: 
1.5–4 mm2) from each sample was exported to a TIFF file. 
The TIFF files were analyzed with ImageJ v. 1.52 software 
(National Institutes of Health, Bethesda, USA). The his-
topathological examination was consistent with the stan-
dardized nomenclature, symbols and units for bone his-
tomorphometry as updated in 2012.27

The  immunohistochemical examination was com-
pleted using paraffin-embedded 4-μm-thick sections 
of the L2 and anti-tartrate resistant acid phosphatase an-
tibody (abTRAP) and recombinant anti-alkaline phospha-
tase antibody (abAP) (both from Abcam, Cambridge, UK). 
The specimens were stained according to the instructions 
provided by the manufacturer, using Autostainer Link 48 
equipment (Dako GmbH, Glostrup, Denmark). abTRAP 
was used in a dilution of 0.5 µg/mL and abAP in a dilution 
of 1:500. Bound antibodies were assayed using the Dako 
EnVision™ FLEX detection system. Additional abTRAP and 
abAP staining was assessed quantitatively using 1–3 point 
scoring:

Intensity: score 1 – poor; score 2 – medium; score 3 
– strong;

Extension: score 1 – from 0.5 to 10%; score 2 – from 11 
to 50%; score 3 – over 51%.

According to the recommendation from the Internation-
al Ad Hoc Expert Panel,28 a negative reagent control (NRC) 
was used, and the primary antibody was replaced with 
unspecific immunoglobulins at the same concentration.

Laboratory determinations

The serum obtained through centrifuging the blood 
was stored at −80°C until the  tests. The  levels of beta 
C-terminated telopeptide of  type I  collagen (CTX), 
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osteoclast-derived tartrate-resistant acid phosphatase form 
5b (TRAP) and osteocalcin were determined with com-
mercially available enzyme-linked immunosorbent assay 
(ELISA) kits, following the manufacturer’s instructions (all 
from Immunodiagnostic Systems Limited, Boldon, UK). 
The level of insulin-like growth factor 1 (IGF-1) was like-
wise determined using a commercially available kit in ac-
cordance with the manufacturer’s instructions (Cloud-
Clone Corp., Houston, USA).

A certified laboratory, using Architect plus ci4100 equip-
ment (Abbott Laboratories, Chicago, USA) with commer-
cial tests (also from Abbott), determined the levels of total 
calcium, inorganic phosphorus and creatinine in the se-
rum samples.

Biomechanical testing

The right-side femurs were cleaned off, then the epiph-
ysis of each femur was placed in aluminum alloy tubes 
with a diameter of 11 mm, and then fixed with self-po-
lymerizing glue Duracryl® Plus (Spofa Dental Inc., Jičín, 
Czechy) (Fig. 1). We measured the mechanical properties 
of the right-side femurs by performing a four-point bending 
Samples were loaded at the rate of 1 mm/min. The loading 
points and the dimensions are shown in Fig. 2. For the test 
reported in this paper, a = 24 mm test on 858 MTS Mini-
Bionix® equipment (MTS Systems Corporation, Eden Prai-
rie, USA) (Fig. 2) and b = 20 mm. Based on the strength-
deflection arrow characteristics, the following parameters 
were determined for each sample: the longitudinal elastic-
ity modulus (Young’s modulus, E), flexural strength (Rz) 
and rigidity (k).

Young’s modulus (E) was calculated from Formula 1:

	
E = (3a + 2b)P × b2

6 × f 1 × b
	 (1)

where E is Young’s modulus [GPa]; a and b are the dis-
tances between supports [m]; P is maximum strength [N]; 
f1 is the deflection arrow [m] and is the moment of iner-
tia [m4]. Flexural strength (Rz) was determined accord-
ing to Formula 2.

	
Rz = Mg

Wz
	 (2)

where flexural strength [MPa]; Mg is the bending moment 
[Nm]; and WZ is the flexural strength index [m3].

The rigidity (k) of a sample was calculated from For-
mula 3:

	 K = E × I	 (3)

where k is the rigidity to bending [Nm2]; E is Young’s 
modulus [GPa]; and I is the moment of inertia of the sam-
ple cross-section [m4].

Statistical analysis

The parameters studied were expressed as means ± stan-
dard deviation (SD). The statistical analysis was complet-
ed using STATISTICA software v. 12 (StatSoft, Inc., Tul-
sa, USA). A one-way analysis of variance (ANOVA) with 
a post hoc least significant difference (LSD) test was used 
to determine significant differences between the 3 study 
groups. The level of significance was set at p < 0.05.

Results

Body weight

The results are presented in Table 1. No differences 
in body weight were observed on day 1 between group C 
and the  groups  EF and T.  The  groups were compared 
in terms of body weight throughout the entire experiment, 
and on the last day of the experiment we found no signifi-
cant differences among the groups.

Macrometric measurements of bones

The results are presented in Table 1. The femoral indices 
were lower in groups EF and T than in group C (p = 0.006 
and p = 0.001, respectively); the weights of  the  femurs 
were likewise lower in groups EF and T than in group C 
(both p = 0.001). The tibial indices, the weight and length 

Fig. 1. Samples prepared for the four-point bending test

Fig. 2. The measuring system for the four-point bending test of femurs
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of the tibias were lower in group EF compare to group C 
(p = 0.04, p = 0.003, p = 0.03, respectively). Mid-femoral 
diameters were lower in groups EF and T than in group C 
(p = 0.025 and, p = 0.004, respectively). The mid-tibial diam-
eter was lower in group T compared to group C (p = 0.003).

Dual-energy X-ray absorptiometry (DXA)

The results are presented in Table 2. After 12 weeks, no 
differences were found between the study groups in terms 
of BM of the TB, femurs or tibias. After 24 weeks, we de-
tected a lower TB BMD in group T compared to group C 
(p  =  0.0043). The  BMD of  the  lumbar spine L1–L4 
was not different between the study groups at the end 
of the experiment.

Histopathological and immuno
histochemical examinations

The results are presented in Table 3 and Fig. 3 and 4. 
In the histopathological assessment of the L2, the bone 
surface/volume ratio (BS/BV) was lower in  group  EF 
compared to group C (p = 0.014). A higher trabecular 

thickness (Tb.Th) was also observed in group EF com-
pared to group C (p = 0.025). The immunohistochemi-
cal examination of the L2 demonstrated a higher intensi-
ty and extension of abTRAP in group EF than in group C 
(p = 0.04, p = 0.02, respectively). In group T, increased ex-
tension of recombinant abAP compared to group C was 
at the border of statistical significance (p = 0.054).

The histopathological examination of the femurs dem-
onstrated a lower bone surface/tissue volume (BS/TV) and 
a lower number of trabeculae (Tb.N) in group T compared 
with group C (p = 0.014, p = 0.04, respectively). Moreover, 
trabecular separation (Tb.Sp) was higher in group T com-
pared to C (p = 0.009).

Serum parameters

The results are presented in Table 4. After 12 weeks, 
no statistically significant differences were found in CTX 
and osteocalcin levels between group C and groups EF 
and T. After 24 weeks, higher serum levels of TRAP, cal-
cium and inorganic phosphorus, and a lower osteocalcin 
level were observed in group EF compared to C (p = 0.002, 
p = 0.013, p = 0.0003 and p = 0.008, respectively).

Table 1. The effect of long-term administration of efavirenz and tenofovir on body weight and macrometric parameters of bones (one-way ANOVA with 
post hoc LSD test)

Parameter Group C Group EF Group T

Body weight [g]
week 1 270.0 ±13.5 266.2 ±11.0 257.8 ±12.8

week 24 468.7 ±30.5 440.7 ±27.3 450.2 ±33.9

Femur 

femoral index 0.3353 ±0.0328 0.3068 ±0.0161* 0.3013 ±0.0171*

femur weight [g] 1.558 ±0.157 1.349 ±0.060* 1.358 ±0.141*

femur length [mm] 38.061 ±1.626 39.093 ±1.676 38.428 ±1.584

mid-femoral diameter [mm] 3.963 ±0.171 3.762 ±0.151* 3.702 ±0.256*

Tibia 

tibial index 0.2367 ±0.0204 0.2201 ±0.0129* 0.2271 ±0.02023

tibial weight [g] 1.108 ±0.106 0.968 ±0.047* 1.023 ±0.121

tibia length [mm] 43.611 ±0.856 42.583 ±1.090* 43.603 ±1.186

mid-tibial diameter [mm] 2.813 ±0.150 2.833 ±0.151 2.627 ±0.116*

Results are presented as mean ±standard deviation (SD); * p < 0.05 compared to the control group; ANOVA – analysis of variance; LSD – least significant 
difference.

Table 2. The effect of long-term administration of efavirenz and tenofovir on bone mineral density (one-way ANOVA with post hoc LSD test)

Parameter Group C
(n = 12)

Group EF
(n = 12)

Group T
(n = 12)

Week 12

total body BMD [g/cm2] 0.2122 ±0.0040 0.2101 ±0.0046 0.2067 ±0.0122

femoral BMD [g/cm2] 0.3155 ±0.0320 0.3077 ±0.0191 0.3088 ±0.0281

tibial BMD [g/cm2] 0.2425 ±0.0174 0.2316 ±0.0264 0.2332 ±0.0290

Week 24

total body BMD [g/cm2] 0.2272 ±0.0096 0.22 ±0.0078 0.2146 ±0.0066*

femoral BMD [g/cm2] 0.3836 ±0.0167 0.3785 ±0.0194 0.371 ±0.022

tibial BMD [g/cm2] 0.2606 ±0.0116 0.2518 ±0.0112 0.2516 ±0.0152

L1–L4 spine BMD [g/cm2] 0.3565 ±0.0283 0.3548 ±0.0235 0.3382 ±0.0280

Results are presented as mean ±standard deviation (SD); * p < 0.05 compared to the control group; BMD – bone mineral density; ANOVA – analysis 
of variance; LSD – least significant difference.
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Bone biomechanical properties

The results are presented in Table 5. The four-point 
bending test demonstrated a  lower value of  Young’s 
modulus in groups EF and T than in group C (p = 0.037, 
p = 0.006, respectively).

Discussion

The aim of this study was to assess the effect of 2 anti-
retroviral medications − EF and T − on growing skeletons. 

Abnormal increases in bone mass during the critical pe-
riod of development of the skeleton may lead to disorders 
in bone growth and/or lower adult peak bone mass. Lower 
peak bone mass increases the risk of osteoporosis and frac-
tures occurring later in life.29

Insulin-like growth factor 1 participates in the regu-
lation of the growing process, as well in increasing and 
maintaining bone mass. It constitutes the main mediator 
in the action of the growth hormone on target cells, mainly 
on chondrocytes, osteoblasts and endocrine cells.30 This 
study failed to demonstrate the effect of the substances 
studied (EF and T) on the level of IGF-1, which suggests 

Fig. 3. Sample images of the histopathological examination (H&E staining) of the distal metaphysis of the femur in groups C, EF and T (magnification ×15 and ×50)
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that the effect of those substances on bone does not de-
pend on IGF-1.

In this study, we observed lower femoral and tibial indi-
ces in group EF, which indicates lower relative dimensions 
of the examined bones in this group. However, we did not 
observe reduced BMD of the bones analyzed, which is con-
sistent with the results from Arpadi et al.18 Our histopath-
ological examination of the L2 demonstrated a reduction 
in BS/BV. A 36% reduction in the number of trabeculae ac-
companied by a higher trabecular thickness (Tb.Th) was ob-
served at the same time. The absence of significant chang-
es in the histopathological examination of femurs and tibias 
in the group EF could be attributed to a more rapid remodel-
ing of osseous tissue in the spine as compared to long bones.31

An increased serum level of TRAP and increased abTRAP 
expression in our immunohistochemical examination of L2 
were observed in the group EF, indicating an increased num-
ber and increased activity of osteoclasts32 in this group. 
The influence of the high SD of abTRAP (in both intensity 
and extension) on the obtained results cannot be excluded. 
However, as the serum concentration of TRAP corresponds 
to the immunohistochemical results, it does not affect our 
overall conclusion on the  influence of T on bone turn-
over. At the same time, EF decreased levels of osteocalcin, 
a marker of bone formation. This suggests that the changes 
observed in bone microarchitecture in the group EF could 
result from increased activity of resorption and decreased 
bone formation. In the animals receiving EF, phosphorus 

Fig. 4. Sample images of the immunohistochemical examination (A – abTRACP staining; B – abAP staining) of the L2 in groups C, EF and 
T (magnification ×10)
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and calcium levels were higher compared to  group  C. 
The observed changes may be a consequence of increased 
osteoclast activity and increased bone resorption. Several 
studies have demonstrated decreases in vitamin D levels 
in patients treated with NNRTIs.33–35 However, we did not 

detect decreases in vitamin D levels in our study. It is hy-
pothesized that decreases in vitamin D levels in patients 
treated with efavirenz may stem from induction of the cyto-
chrome P450 (CYP24A), which is responsible for the break-
down of active vitamin D in humans,36 but not in rats.37

Table 3. The effects of long-term administration of efavirenz and tenofovir on histopathological and immunohistochemical parameters of bone (one-way 
ANOVA with post hoc LSD test)

Parameter Group C
(n = 12)

Group EF
(n = 12)

Group T
(n = 12)

L2 vertebra

abTRAP – intensity 0.625 ±1.188 1.778 ±1.394* 0.1818 ±0.603

abTRAP – extension 0.375 ±0.744 1.111 ±0.928 * 0.0909 ±0.3015

abAP – intensity 3.0 ±0.0 3.0 ±0.0 3.0 ±0.0

abAP – extension 1.875 ±0.991 2.0 ±0.8165 2.545 ±0.5222

BV/TV [%] 0.1391 ±0.0088 0.2157 ±0.2386 0.1345 ±0.0058

BS/BV [mm2/mm3] 68.57 ±41.93 36.727 ±24.659* 52.14 ±4.913

BS/TV [mm2/mm3] 9.616 ±5.859 6.145 ±3.785 7.006 ±0.656

Tb.Th [mm] 0.0455 ±0.0365 0.0752 ±0.0391* 0.0387 ±0.0034

Tb.N [1/mm] 4.808 ±2.929 3.072 ±1.892 3.503 ±0.3279

Tb.Sp [mm] 0.2832 ±0.2617 0.3777 ±0.2649 0.2518 ±0.02944

Femur

BV/TV [%] 0.2512 ±0.0473 0.2621 ±0.1519 0.1899 ±0.0763

BS/BV [mm2/mm3] 46.724 ±17.336 40.395 ±12.937 44.11 ±7.858

BS/TV [mm2/mm3] 11.811 ±5.083 9.035 ±1.551 7.962 ±1.906

Tb.Th [mm] 0.0471 ±0.0134 0.0582 ±0.0333 0.0468 ±0.0092

Tb.N [1/mm] 5.906 ±2.542 4.517 ±0.7757 3.981 ±0.9531*

Tb.Sp [mm] 0.1471 ±0.05531 0.1687 ±0.05228 0.2174 ±0.06817*

Tibia

BV/TV [%] 0.2398 ±0.0491 0.2007 ±0.0332 0.2044 ±0.04270

BS/BV [mm2/mm3] 44.661 ±17.357 44.223 ±6.283 43.96 ±6.231

BS/TV [mm2/mm3] 10.339 ±3.375 8.778 ±1.252 8.812 ±1.165

Tb.Th [mm] 0.0496 ±0.0149 0.0460 ±0.0059 0.0463 ±0.0065

Tb.N [1/mm] 5.17 ±1.688 4.389 ±0.6261 4.406 ±0.5827

Tb.Sp [mm] 0.1580 ±0.04195 0.1856 ±0.02811 0.1842 ±0.03210

Results are presented as mean ±standard deviation (SD); * p < 0.05 compared to the control group; L2 – second lumbar vertebra; abTRAP – anti-tartrate 
resistant acid phosphatase antibody; abAP – recombinant anti-alkaline phosphatase antibody; BV – bone volume; TV – tissue volume; BV/TV – tissue 
volume ratio; BS – bone surface; Tb.Th – trabecular thickness; Tb.N – trabecular number; Tb.Sp – trabecular separation; ANOVA – analysis of variance; 
LSD – least significant difference.

Table 4. The effects of long-term administration of efavirenz and tenofovir on serum parameters (one-way ANOVA with post hoc LSD test)

Parameter Group C
(n = 12)

Group EF
(n = 12)

Group T
(n = 12)

IGF-1 [ng/mL] 3.0183 ±0.8979 4.5537 ±3.5369 2.5656 ±1.2765

Osteocalcin [pg/mL] 193.865 ±46.260 138.022 ±45.965* 223.857 ±45.200

CTX [ng/mL] 17.759 ±4.337 19.299 ±9.259 17.883 ±4.662

TRAP [U/L] 0.776 ±0.265 1.088 ±0.264* 0.843 ±0.165

1,25-hydoxy-vitamin D3 [nmol/L] 1.52 ±0.16 1.40 ±0.32 1.46 ±0.22

Total calcium [mg/dL] 6.427 ±1.769 8.192 ±1.358* 6.250 ±1.731

Inorganic phosphorus [mg/dL] 3.618 ±1.018 5.683 ±1.210* 3.608 ±1.453

Alkaline phosphatase [U/L] 56.363 ±19.185 64.333 ±16.041 60.300 ±24.891

Creatinine [mg/dL] 0.303 ±0.051 0.324 ±0.075 0.358 ±0.105

Results are presented as mean ±standard deviation (SD); * p < 0.05 compared to the control group CTX – beta C-terminated telopeptide of type I collagen; 
TRAP – osteoclast-derived tartrate-resistant acid phosphatase form 5b; IGF-1 – insulin-like growth factor 1; ANOVA – analysis of variance; LSD – least 
significant difference.
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In group EF, besides the reductions in femoral indices 
and disturbances of bone microarchitecture demonstrated 
in the histological examination, a 20% reduction of Young’s 
modulus was found in the four-point bending test, which 
is a sign of deterioration of bone biomechanical properties 
that may lead to increased risk of fractures.

Reduced femoral indices and mid-femoral diameters 
were also found in group T, as in group EF. However, no 
effect of T on tibial indices was observed. Moreover, a re-
duction in TB BMD was found in group T. These results 
are consistent with the observations of Gafni et al. and 
Purdy et al., who found reduced BMD in T-treated pa-
tients.20,38 In their studies of growing rhesus monkeys, Cas-
tillo et al. demonstrated a mineralization defect in new-
ly-formed cortical bones in monkeys receiving T, leading 
to the formation of completely non-mineralized osteons.39 
This is consistent with the observation of a lower percent-
age of mineralizing surfaces in inflammation-free rats re-
ceiving T in a study by Conradie et al.40 The results of our 
study also suggest bone mineralization disorders during 
treatment with T. Clinical studies also report greater de-
creases in BMD associated with T therapy.41–45 Besides 
the reduction in TB BMD, expression of recombinant anti-
alkaline phosphatase (anti-AP) was extended by 36% in L2 
in group T. Moreover, reductions in femoral BS/TV and 
in the number of trabeculae (Tb.N) with simultaneous in-
creases in Tb.Sp were observed in group T. Changes like 
this in bone histomorphometry were not reported by Ra-
malho et al.44 Some authors have suggested that T-asso-
ciated decreases in BMD may be a consequence of renal 
failure and subsequent decreases in vitamin D activation, 
but in our study we detected neither an increase in creat-
inine level nor a decrease in vitamin D level. Our results 
are consistent with the report by Bagger et al. suggesting 
that T-associated decreases in BMD cannot be explained 
by decreased renal function.46

The pathogenesis of bone lesions occurring during treat-
ment with T is poorly understood and needs to be fur-
ther elucidated. A direct effect of the drug on osteoclasts 
and/or osteoblasts is considered, as well as an indirect ef-
fect resulting from injury to the proximal renal tubules, 
hypophosphatemia and an increased release of parathy-
roid hormones.47 Serum phosphate levels may not reflect 
TB phosphate depletion, nor even re-absorption of phos-
phates into the renal tubules.48 Despite the significant re-
ductions in BMD and changes in bone microarchitecture 

observed in group T, our study did not demonstrate the ef-
fect of T on serum inorganic phosphorus levels, nor on any 
other recognized markers of bone turnover. Therefore, 
the pathomechanism of the observed phenomenon needs 
to be studied further.

Decreased biomechanical properties of  bones ex-
pressed by the 14% reduction in Young’s modulus were 
observed in group T in the four-point bending test. Con-
radie et al. reported that biomechanical properties of fe-
murs from non-HIV infected rats were not statistical-
ly different between group T and group C.40 This could 
be a consequence of the fact that in their study a three-
point bending test was performed. The four-point bend-
ing test may be more sensitive, but further biomechan-
ical experiments are required to verify this hypothesis. 
The four-point bending method differs from three-point 
bending due to the way the measurements are carried out. 
The three-point bending test, compared to four-point 
bending, underestimates the modulus of elasticity due 
to the fact that the shear effect and the indentation ef-
fect of the loading head and the supports are neglected. 
A four-point test tends to be the best choice, especial-
ly if the examined material is (like bones) not homoge-
neous. The stress of a three-point test is concentrated 
under the center of the loading point, whereas the stress 
concentration of a four-point test is over a larger region. 
We have already introduced this method in several oth-
er studies,49,50 and it gives very good results, especial-
ly since it does not cause permanent bone deformation 
in the places of where force is directly applied. The bend-
ing energy is therefore directly related only to the fracture 
site. Thus, the results obtained are characterized by high-
er values of  the mechanical parameters and a smaller 
range of results in comparison to the three-point test.

Conclusions

In a controlled environment where HIV-associated fac-
tors were absent, the long-term monotherapy with EF and 
tenofovir disoproxil had an adverse effect on the bones 
of growing male rats. The results of this study indicate that 
EF affects bone microarchitecture and leads to impaired 
bone biomechanical properties − an effect that seems to be 
associated with increased activity of osteoclasts and de-
creased new bone formation.

Table 5. The effects of long-term administration of efavirenz and tenofovir on biomechanical parameters of the right femur (one-way ANOVA with post hoc 
LSD test)

Parameter Group C Group EF Group T

Young’s modulus [GPa] 16.216 ±3.014 12.989 ±2.391* 13.872 ±1.927*

Flexural strength [MPa] 98.881 ±30.608 85.633 ±25.961 105.285 ±19.296

Rigidity [Nm] 0.2823 ±0.0441 0.2406 ±0.0665 0.2438 ±0.0664

Results are presented as mean ±standard deviation (SD); * p < 0.05 compared to the control group; ANOVA – analysis of variance; LSD – least significant 
difference.



A. Matuszewska et al. Effects of efavirenz and tenofovir on bone1274

ORCID iDs
Agnieszka Matuszewska  https://orcid.org/0000-0003-1082-0793
Beata Nowak  https://orcid.org/0000-0003-0014-6344
Anna Nikodem  https://orcid.org/0000-0002-1418-247X
Diana Jędrzejuk  https://orcid.org/0000-0001-7053-142X
Danuta Szkudlarek  https://orcid.org/0000-0001-5736-310X
Krzysztof Zduniak  https://orcid.org/0000-0003-4652-4478
Jarosław Filipiak  https://orcid.org/0000-0002-9380-0642
Marta Sznadruk-Bender  https://orcid.org/0000-0002-4571-9452
Tomasz Tomkalski  https://orcid.org/0000-0003-2850-7316
Ireneusz Ceremuga  https://orcid.org/0000-0001-5744-2860
Marek Bolanowski  https://orcid.org/0000-0002-2360-6596
Adam Szeląg  https://orcid.org/0000-0001-8104-5267

References
1.	 UNAIDS. 2017 Global HIV Statistics. Fact sheet. Geneva, Switzerland: 

The Joint United Nations Programme on HIV and AIDS; 2017.
2.	 Shiau S, Yin MT, Strehlau R, et al. Decreased bone turnover in HIV-

infected children on antiretroviral therapy. Arch Osteoporos. 2018; 
13(1):40. doi:10.1007/s11657-018-0452-6

3.	 Zuccotti G, Viganò A, Gabiano C, et al. Antiretroviral therapy and 
bone mineral measurements in HIV-infected youths. Bone. 2010; 
46(6):1633–1638. doi:10.1016/j.bone.2010.02.029

4.	 Margossian R, Williams PL, Yu W, et al; Pediatric HIV/AIDS Cohort 
Study (PHACS). Markers of bone mineral metabolism and cardiac struc-
ture and function in perinatally HIV-infected and HIV-exposed but 
uninfected children and adolescents. J Acquir Immune Defic Syndr. 
2019;81(2):238–246. doi:10.1097/QAI.0000000000002007

5.	 Jacobson DL, Stephensen CB, Miller TL, et al; Pediatric HIV/AIDS 
Cohort Study. Associations of low vitamin D and elevated parathy-
roid hormone concentrations with bone mineral density in perina-
tally HIV-infected children. J Acquir Immune Defic Syndr. 2017;76(1): 
33–42. doi:10.1097/QAI.0000000000001467

6.	 Manavalan JS, Arpadi S, Tharmarajah S, et al. Abnormal bone acquisi-
tion with early-life HIV infection: Role of immune activation and senes-
cent osteogenic precursors. J Bone Miner Res. 2016;31(11):1988–1996. 
doi:10.1002/jbmr.2883

7.	 Eckard AR, Mora S. Bone health in HIV-infected children and ado-
lescents. Curr Opin HIV AIDS. 2016;11(3):294–300. doi:10.1097/COH. 
0000000000000270

8.	 Vikulina T, Fan X, Yamaguchi M, et al. Alterations in the immuno-
skeletal interface drive bone destruction in HIV-1 transgenic rats. 
Proc Natl Acad Sci U S A. 2010;107(31):13848–13853. doi:10.1073/pnas. 
1003020107

9.	 Ofotokun I. Deciphering how HIV-1 weakens and cracks the bone. 
Proc Natl Acad Sci U S A. 2018;115(11):2551–2553. doi:10.1073/pnas. 
1801555115

10.	 Biver E, Calmy A, Rizzoli R. Bone health in HIV and hepatitis B or 
C infections. Ther Adv Musculoskelet Dis. 2016;9(1):22–34. doi:10.1177/ 
1759720X16671927

11.	 Brown TT, Qaqish RB. Antiretroviral therapy and the prevalence of 
osteopenia and osteoporosis: A meta-analytic review. AIDS. 2006; 
20(17):2165–2174. doi:10.1097/QAD.0b013e32801022eb

12.	 Madeddu G, Spanu A, Solinas P, et al. Different impact of NNRTI and 
PI-including HAART on bone mineral density loss in HIV-infected 
patients. Eur Rev Med Pharmacol Sci. 2015;19(23):4576–4589.

13.	 Tebas P, Kumar P, Hicks C, et al. Greater change in bone turnover mark-
ers for efavirenz/emtricitabine/tenofovir disoproxil fumarate versus 
dolutegravir + abacavir/lamivudine in antiretroviral therapy-naive 
adults over 144 weeks. AIDS. 2015;29(18):2459–2464. doi:10.1097/
QAD.0000000000000863

14.	 Ofotokun I, Titanji K, Vunnava A, et al. Antiretroviral therapy induc-
es a rapid increase in bone resorption that is positively associated 
with the magnitude of immune reconstitution in HIV infection. AIDS. 
2016;30(3):405–414. doi:10.1097/QAD.0000000000000918

15.	 Yin MT, Chan ES, Brown TT, et  al. Vitamin D  does not modulate 
immune-mediated bone loss during ART initiation. Antivir Ther. 2019; 
24(5):355–362. doi:10.3851/IMP3316

16.	 McComsey GA, Kitch D, Daar ES, et al. Bone mineral density and frac-
tures in antiretroviral-naive persons randomized to receive abaca-
vir-lamivudine or tenofovir disoproxil fumarate-emtricitabine along 
with efavirenz or atazanavir-ritonavir: AIDS Clinical Trials Group 

A5224s, a substudy of ACTG. J  Infect Dis. 2011;203(12):1791–1801. 
doi:10.1093/infdis/jir188

17.	 Aurpibul L, Puthanakit T. Review of tenofovir use in HIV-infected 
children. Pediatr Infect Dis  J. 2015;34(4):383–391. doi:10.1097/INF. 
0000000000000571

18.	 Arpadi SM, Shiau S, Strehlau R, et al. Efavirenz is associated with high-
er bone mass in South African children with HIV. AIDS. 2016;30(16): 
2459–2467. doi:10.1097/QAD.0000000000001204

19.	 Dave JA, Cohen K, Micklesfield LK, Maartens G, Levitt NS. Antiretro-
viral therapy, especially efavirenz, is associated with low bone min-
eral density in HIV-infected South Africans. PLoS One. 2015;10(12): 
e0144286. doi:10.1371/journal.pone.0144286

20.	 Gafni RI, Hazra R, Reynolds JC, et al. Tenofovir disoproxil fumarate 
and an optimized background regimen of antiretroviral agents as 
salvage therapy: Impact on bone mineral density in HIV-infect-
ed children. Pediatrics. 2006;118(3):e711–e718. doi:10.1542/peds. 
2005-2525

21.	 Viganò A, Zuccotti GV, Puzzovio M, et al. Tenofovir disoproxil fuma-
rate and bone mineral density: A 60-month longitudinal study in 
a cohort of HIV-infected youths. Antivir Ther. 2010;15(7):1053–1058. 
doi:10.3851/IMP1650

22.	 Unsal AB, Mattingly AS, Jones SE, et al. Effect of antiretroviral ther-
apy on bone and renal health in young adults infected with HIV in 
early life. J Clin Endocrinol Metab. 2017;102(8):2896–2904. doi:10.1210/
jc.2017-00197

23.	 Hernandez CJ, Beaupré GS, Carter DR. A theoretical analysis of the 
changes in basic multicellular unit activity at menopause. Bone. 2003; 
32(4):357–363. doi:10.1016/s8756-3282(03)00037-1

24.	 Compston J. HIV infection and bone disease. J  Intern Med. 2016; 
280(4):350–358. doi:10.1111/joim.12520

25.	 Goffinet C, Allespach I, Keppler OT. HIV-susceptible transgenic rats 
allow rapid preclinical testing of antiviral compounds targeting virus 
entry or reverse transcription. Proc Natl Acad Sci. 2007;104(3):1015–1020. 
doi:10.1073/pnas.0607414104

26.	 Watkins ME, Wring S, Randolph R, et al. Development of a novel 
formulation that improves preclinical bioavailability of tenofovir 
disoproxil fumarate. J Pharm Sci. 2017;106(3):906–919. doi:10.1016/j.
xphs.2016.12.003

27.	 Dempster DW, Compston JE, Drezner MK, et al. Standardized nomen-
clature, symbols, and units for bone histomorphometry: A 2012 
update of the report of the ASBMR Histomorphometry Nomenclature 
Committee. J Bone Miner Res. 2013;28(1):2–17. doi:10.1002/jbmr.1805

28.	 Torlakovic EE, Francis G, Garratt J, et al; International Ad Hoc Expert 
Panel. Standardization of negative controls in diagnostic immuno-
histochemistry: Recommendations from the international ad hoc 
expert panel. Appl Immunohistochem Mol Morphol. 2014;22(4):241–252. 
doi:10.1097/PAI.0000000000000069

29.	 Tandon N, Fall CHD, Osmond C, et al. Growth from birth to adult-
hood and peak bone mass and density data from the New Delhi Birth 
Cohort. Osteoporos Int. 2012;23(10):2447–2459. doi:10.1007/s00198-
011-1857-x

30.	 Filus A, Zdrojewicz Z. Insulin-like growth factor-1 (IGF-1) – struc-
ture and the role in the human body [in Polish]. Pediatr Endocrinol  
Diabetes Metab. 2014;20(4):161–169. doi:10.18544/PEDM-20.04.0016

31.	 Datta HK, Ng WF, Walker JA, Tuck SP, Varanasi SS. The cell biology 
of bone metabolism. J Clin Pathol. 2008;61(5):577–587. doi:10.1136/
JCP.2007.048868

32.	 Hlaing TT, Compston JE. Biochemical markers of bone turnover: Uses 
and limitations. Ann Clin Biochem. 2014;51(Pt 2):189–202. doi:10.1177/ 
0004563213515190

33.	 Vescini F, Cozzi-Lepri A, Borderi M, et al; Icona Foundation Study 
Group. Prevalence of hypovitaminosis D and factors associated with 
vitamin D deficiency and morbidity among HIV-infected patients 
enrolled in a large Italian cohort. J Acquir Immune Defic Syndr. 2011; 
58(2):163–172. doi:10.1097/QAI.0b013e31822e57e9

34.	 Conesa-Botella A, Florence E, Lynen L, Colebunders R, Menten J, 
Moreno-Reyes R. Decrease of vitamin D concentration in patients 
with HIV infection on a non-nucleoside reverse transcriptase inhib-
itor-containing regimen. AIDS Res Ther. 2010;7:40. doi:10.1186/1742-
6405-7-40

35.	 Welz T, Childs K, Ibrahim F, et al. Efavirenz is associated with severe 
vitamin D deficiency and increased alkaline phosphatase. AIDS. 2010; 
24(12):1923–1928. doi:10.1097/QAD.0b013e32833c3281



Adv Clin Exp Med. 2020;29(11):1265–1275 1275

36.	 Guryev O, Carvalho RA, Usanov S, Gilep A, Estabrook RW. A pathway 
for the metabolism of vitamin D3: Unique hydroxylated metabo-
lites formed during catalysis with cytochrome P450scc (CYP11A1). 
Proc Natl Acad Sci U S A. 2003;100(25):14754–14759. doi:10.1073/pnas. 
2336107100

37.	 Horst RL, Omdahl JA, Reddy S. Rat cytochrome P450C24 (CYP24) 
does not metabolize 1,25-dihydroxyvitamin D 2 to calcitroic acid. 
J Cell Biochem. 2003;88(2):282–285. doi:10.1002/jcb.10359

38.	 Purdy JB, Gafni RI, Reynolds JC, Zeichner S, Hazra R. Decreased bone 
mineral density with off-label use of tenofovir in children and adoles-
cents infected with human immunodeficiency virus. J Pediatr. 2008; 
152(4):582–584. doi:10.1016/j.jpeds.2007.12.020

39.	 Castillo AB, Tarantal AF, Watnik MR, Bruce Martin R. Tenofovir treat-
ment at 30 mg/kg/day can inhibit cortical bone mineralization in 
growing rhesus monkeys (Macaca mulatta). J Orthop Res. 2002;20(6): 
1185–1189. doi:10.1016/S0736-0266(02)00074-8

40.	 Conradie MM, van de Vyver M, Andrag E, Conradie M, Ferris WF. 
A direct comparison of the effects of the antiretroviral drugs stavu-
dine, tenofovir and the combination lopinavir/ritonavir on bone 
metabolism in a rat model. Calcif Tissue Int. 2017;101(4):422–432. 
doi:10.1007/s00223-017-0290-3

41.	 Gallant JE, Staszewski S, Pozniak AL, et al. Efficacy and safety of 
tenofovir DF vs stavudine in combination therapy in antiretroviral-
naive patients: A 3-year randomized trial. JAMA. 2004;292(2):191–201. 
doi:10.1001/jama.292.2.191

42.	 Stellbrink H, Orkin C, Arribas JR, et al; ASSERT Study Group. Compar-
ison of changes in bone density and turnover with abacavir‐lamivu-
dine versus tenofovir‐emtricitabine in HIV‐infected adults: 48‐week 
results from the ASSERT study. Clin Infect Dis. 2010;51(8):963–972. 
doi:10.1086/656417

43.	 Hamzah L, Tiraboschi JM, Iveson H, et al. Effects on vitamin D, bone 
and the kidney of switching from fixed-dose tenofovir disoproxil 
fumarate/emtricitabine/efavirenz to darunavir/ritonavir monother-
apy: A randomized, controlled trial (MIDAS). Antivir Ther. 2016;21(4): 
287–296. doi:10.3851/IMP3000

44.	 Ramalho J, Martins CSW, Galvão J, et al. Treatment of human immuno-
deficiency virus infection with tenofovir disoproxil fumarate-contain-
ing antiretrovirals maintains low bone formation rate, but increas-
es osteoid volume on bone histomorphometry. J Bone Miner Res.  
2019;34(9):1574–1584. doi:10.1002/jbmr.3751

45.	 Venter WDF, Kambugu A, Chersich MF, et al. Efficacy and safety 
of tenofovir disoproxil fumarate versus low-dose stavudine over 
96 weeks: A multicountry randomized, noninferiority trial. J Acquir 
Immune Defic Syndr. 2019;80(2):224–233. doi:10.1097/QAI.000000000 
0001908

46.	 Bagger YZ, Rasmussen HB, Alexandersen P, Werge T,Christiansen C, 
Tankó LB; PERF study group. Links between cardiovascular disease 
and osteoporosis in postmenopausal women: Serum lipids or athero
sclerosis per se? Osteoporos Int. 2007;18(4):505–512. doi:10.1007/
s00198-006-0255-2

47.	 Grigsby IF, Pham L, Mansky LM, Gopalakrishnan R, Mansky KC. Teno-
fovir-associated bone density loss. Ther Clin Risk Manag. 2010;6(1): 
41–47. doi:10.2147/TCRM.S8836

48.	 Casado JL. Renal and bone toxicity with the use of tenofovir: Under-
standing at the end. AIDS Rev. 2016;18(2):59–68.

49.	 Nowak B, Matuszewska A, Filipiak J, et al. The influence of bexaro-
tene, a selective agonist of the retinoid receptor X (RXR), and taz-
arotene, a selective agonist of the retinoid acid receptor (RAR), on 
bone metabolism in rats. Adv Med Sci. 2016;61(1):85–89. doi:10.1016/j.
advms.2015.09.001

50.	 Markiewicz-Górka I, Kuropka P, Januszewska L, et al. Influence of 
physical training on markers of bone turnover, mechanical proper-
ties, morphological alterations, density and mineral contents in the 
femur of rats exposed to cadmium and/or alcohol. Toxicol Ind Health. 
2019;35(4):277–293. doi:10.1177/0748233719831534





Cite as
Gu Q, Chen X, Zhou L, Liu X. Exosome EpCAM promotes 
the metastasis of glioma by targeting the CD44 signaling 
molecule on the surface of glioma cells. Adv Clin Exp Med. 
2020;29(11):1277–1282. doi:10.17219/acem/126051

DOI
10.17219/acem/126051

Copyright
© 2020 by Wroclaw Medical University 
This is an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CC BY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Address for correspondence
Xianglu Liu
E-mail: lxl191218@yeah.net

Funding sources
None declared

Conflict of interest
None declared

Received on May 9, 2020
Reviewed on May 14, 2020
Accepted on August 5, 2020

Abstract
Background. Glioma, the most common primary tumor in the central nervous system, originates from 
glial cells and has a poor prognosis.

Objectives. This experimental laboratory study was designed to explore the role of epithelial cell adhesion 
molecule (EpCAM) in the metastasis of glioma.

Material and methods. Serum samples were collected from patients with non-metastatic or metastatic 
glioma (n = 20 per group), and healthy volunteers (n = 8). Exosomes were isolated from the serum and 
the morphological characteristics were observed under a scanning electron microscope (SEM). The ex-
pression of CD81 and CD63 was measured to identify exosomes. Glioma tissue and the adjacent normal 
tissue samples were obtained from patients with non-metastatic or metastatic glioma (n = 12 per group). 
Meanwhile, 4 normal brain tissue samples were collected. The expression of CD44, hyaluronan-mediated 
motility receptor (HMMR), and matrix metalloproteinase-9 (MMP-9) was determined in each group using 
immunohistochemistry. The protein expression of CD44, HMMR, matrix metalloproteinase-2 (MMP-2), 
MMP-9, and selectin E (SELE) was measured with western blotting.

Results. Exosomes were present in the serum, and the proteins CD81 and CD63 were expressed in all 
3 groups. CD44 was highly expressed in the non-metastasis and metastasis groups. The expression of HMMR 
and MMP-9 in the Adj-metastasis and Adj-non-metastasis groups was high, while in the other groups, 
the levels were low. The expression of CD44 in the metastasis and non-metastasis groups was significantly 
higher than that of the negative control (NC) group, and the expression in the metastasis group was higher 
than that of the non-metastasis group. The MMP-2 and MMP-9 were not found in either the metastasis 
or non-metastasis group. The protein expression of HMMR and SELE was high in all groups.

Conclusions. Exosome EpCAM promoted the metastasis of glioma by targeting CD44.

Key words: metastasis, CD44, glioma, exosome, epithelial cell adhesion molecule 
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Introduction

Glioma is the most common primary tumor in the cen-
tral nervous system; it originates from glial cells and has 
a poor prognosis.1 Glioma is classified into 4 grades ac-
cording to the latest classification of the World Health 
Organization (WHO).2,3 Although glioma can be treated 
with advanced chemotherapy drugs, surgery, new gener-
ations of gamma rays, and other interventions, the inva-
siveness of glioma and the protective effect of the blood–
brain barrier remain obstacles in  glioma treatment. 
Normal brain tissue is more prone to radiation brain 
damage, resulting in a five-year mortality rate for glio-
ma patients that remains at over 95%.4 In recent years, 
some researchers have come to believe that the occur-
rence of tumors is closely related to the interaction be-
tween external environmental factors and the host’s in-
ternal genetic factors. The discovery of a proto-oncogene 
and tumor suppressor gene have led to a more profound 
understanding of the mechanism of tumor occurrence 
and development.5 The research on the occurrence and 
development mechanism of brain glioma has been raised 
to  the molecular level. Studies have found that many 
cytokines and genes participate in the occurrence and 
development of brain glioma, and that these cytokines 
and genes have broad application prospects in clinical 
practice.

Epithelial cell adhesion molecule (EpCAM) is a single 
transmembrane protein which is encoded by the tumor-
associated calcium signal transduction gene 1 (TACSTD1) 
and which belongs to the family of adhesion molecules.6 
It participates in the regulation of intercellular adhesion, 
signal transduction, and cell migration, proliferation and 
differentiation.7 The EpCam is expressed in the epithe-
lium of different organs and tumors in different sites.8 
In carcinomatous cells, EpCAM is overexpressed.9 Cimi-
no et al. found that EpCAM was upregulated in breast 
cancer metastasis.10 It was also found that the expres-
sion of EpCAM in metastatic gastric cancer (GC) was 
higher than in primary GC. The downregulation of Ep-
CAM by siRNA led to the  inhibition of GC cell inva-
sion and migration.11 The EpCAM expression is related 
to tumor prognosis and may be used for tumor-targeted 
therapy. Stoecklein et al. showed that the mean recur-
rence interval for patients with strongly EpCAM-positive 
esophageal squamous cell carcinoma was 9 months, while 
the mean recurrence interval of EpCAM-negative, weak-
ly EpCAM-positive or -positive patients was 43 months, 
indicating the poor prognosis of patients with overex-
pressed EpCAM.12

In this study, we explored the role of EpCAM in glioma 
and its relationship with CD44 on the surface of glioma 
cells.

Material and methods

Tissue and serum samples

In this experimental laboratory study, 20 patients with 
non-metastatic glioma and 20 patients with metastatic glio-
ma admitted to Chifeng College Affiliated Hospital, China, 
from May 2016 to April 2018 were enrolled. Eight healthy 
volunteers were also recruited as the negative control group 
(NC). This study was approved by the ethics committee 
of  Chifeng College Affiliated Hospital and all patients 
signed informed consent forms. Fasting peripheral venous 
blood (3 mL) was drawn from all participants, placed into 
EDTA anticoagulant test tubes (Sigma-Aldrich, St. Louis, 
USA), and centrifuged at 1000 × g for 10 min. The super-
natant was transferred into an RNA-enzyme-free centri-
fuge tube (Sigma-Aldrich) and stored at −20°C for later use.

Samples of glioma tissue and adjacent normal tissue were 
collected from 12 non-metastatic patients and 12 meta
static patients. Meanwhile, normal brain tissue samples 
were collected from 4 healthy subjects. All tissues were 
frozen immediately after resection and stored at −80°C 
for further experiments.

Exosome extraction and identification

Exosomes were isolated from human serum using an exo-
some separation reagent (Invitrogen, Carlsbad, USA). In or-
der to remove impurities, 500 μL of serum was centrifuged 
at 2000 × g for 30 min. Then, 300-μL samples were mixed 
with 60 μL of separation reagent and incubated at 4°C for 
30 min. After centrifugation at 10,000 × g for 10 min, the su-
pernatant was discarded. Next, 150 μL of phosphate-buffered 
saline (PBS) was added to the suspended sediment and placed 
in storage at 4°C for later use. The exosomes were fixed with 
paraformaldehyde (Sigma-Aldrich), added to the copper 
mesh, and negatively stained with uranium dioxide-acetate 
(Invitrogen). The morphology was observed using a trans-
mission electron microscope (Nikon, Tokyo, Japan).

Immunohistochemistry

The paraffin-embedded sections were routinely dewaxed 
to water, soaked in 3% hydrogen peroxide (Sigma-Aldrich) 
at room temperature for 5 min to inactivate endogenous 
enzymes, and washed thrice in distilled water for 3 min 
each time. The antigen was thermally remediated, cooled 
and washed twice with PBS. The sections were then treated 
with 5% bovine serum albumin (BSA) sealant and placed 
at room temperature for 20 min, incubated with prima-
ry antibody (rabbit IgG, l:50 dilution; Abcam, Cambridge, 
UK) at 37°C for 60 min, and washed 3 times with PBS. 
Then, the sections were incubated with secondary anti-
body (Abcam) at 37°C for 1 h, colored with 3,3’-diamino-
benzidine (Sigma-Aldrich), rinsed, and counter-stained 
with hematoxylin.
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Western blotting

The tissue samples were lysed with radioimmunopre-
cipitation assay (RIPA) lysate (Bio-Rad, Hercules, USA) 
on ice, and the supernatant was collected after centrifu-
gation at 12,000 × g for 20 min at 4°C. The protein con-
centration was determined with a BCA kit (Shanghai Bi-
yuntian, Shanghai, China). SDS-PAGE electrophoresis 
(Merck Millipore, Burlington, USA) was performed to iso-
late the protein after mixing it with the buffer solution. 
Then, it was transferred to polyvinylidene fluoride (PVDF) 
membrane, sealed with a sealant, incubated overnight with 
CD44, matrix metalloproteinase-2 (MMP2), MMP9, se-
lectin E (SELE), and ERBB2 primary antibodies (Abcam) 
at 4°C, and incubated with horseradish peroxidase (HRP)-
labeled secondary antibody (Abcam) at room temperature 
for 2 h. After treating the samples with chemiluminescent 
substrate working fluid (Merck Millipore), the membrane 
was developed in a Tanon 5200 chemiluminescence anal-
ysis system (Thermo Fisher Scientific, Waltham, USA).

Statistical analysis

The statistical analysis was done in SPSS v. 19.0 software 
(IBM Corp., Armonk, USA). The t-test was used to iden-
tify any differences between the 2 groups. A p-level <0.05 
was considered statistically significant.

Results

Morphology of exosomes

The exosomes were extracted from the blood of the pa-
tients and the healthy volunteers. The findings of trans-
mission electron microscopy (Fig. 1) revealed that the exo-
somes in the non-metastasis and metastasis groups were 
round or nearly round, with a double-layer lipid molecu-
lar structure, uneven size and distribution, and a diameter 
of 20–200 nm. These findings confirmed that exosomes 
existed in the serum of the glioma patients.

Exosome identification

Western blotting was applied to determine the protein 
expression of CD81 and CD63, the specific surface mark-
ers of exosomes. As shown in Fig. 2, the proteins CD81 and 
CD63 were expressed in all 3 groups, which further con-
firmed that exosomes were abundant in the serum of pa-
tients with glioma.

CD44, HMMR, and MMP9 expression 
in non-metastatic and metastatic gliomas

Immunohistochemistry was performed to  measure 
the expression of CD44, hyaluronan-mediated motil-
ity receptor (HMMR) and MMP-9 in  the  metastasis, 
adjacent(Adj)metastasis, non-metastasis, Adj-non-metas-
tasis, and NC groups. As shown in Fig. 3, CD44 was highly 
expressed in the non-metastasis and metastasis groups, 
though it was expressed very little in the other groups. 
The expression of HMMR and MMP-9 in the Adj-me-
tastasis group was the highest, followed by the Adj-non-
metastasis group. Other groups demonstrated a low ex-
pression of HMMR and MMP-9.

Fig. 1. The morphology of exosomes was examined using a transmission electron microscope

Fig. 2. The protein expression of 2 specific surface markers, exosomes 
CD81 and CD63, was measured with western blotting
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Metastasis influences gene expression

The  protein expression of  CD44, HMMR, MMP-2, 
MMP-9, and SELE in the metastasis, Adj-metastasis, non-
metastasis, Adj-non-metastasis, and NC groups were mea-
sured. As shown in Fig. 4, CD44 expression in the metas-
tasis and non-metastasis groups was significantly higher 
than in the NC group, while it was not expressed in the Adj-
metastasis or Adj-non-metastasis groups. Moreover, the ex-
pression of CD44 in the metastasis group was higher than 
in the non-metastasis group. The MMP-2 and MMP-9 were 
not expressed in the metastasis or non-metastasis groups, 
and they were expressed to a much higher degree in the Adj-
metastasis and Adj-non-metastasis groups than in the NC 
group. The expression of HMMR and SELE in the metasta-
sis, Adj-metastasis, non-metastasis, and Adj-non-metastasis 
groups were all higher than the expression in the NC group. 
In addition, HMMR and SELE showed a much higher expres-
sion in the Adj-metastasis and Adj-non-metastasis groups 
in comparison to the metastasis and non-metastasis groups.

Discussion

Glioma is often invasive and the boundaries between 
the tumor and surrounding tissue are blurred, making 
it difficult to remove completely during surgery.13 At pres-
ent, the clinical treatment of glioma remains unsatisfac-
tory, so recent studies have focused on the development 

of gene therapy, immunotherapy, targeted therapy, and oth-
er emerging therapeutic technologies for glioma patients. 
The mechanisms underlying these therapies need to be elu-
cidated through molecular and pathological experimental 

Fig. 4. The protein expression of CD44, HMMR, MMP-2, MMP-9, and SELE 
in the metastasis, Adj-metastasis, non-metastasis, Adj-non-metastasis, and 
NC groups was measured with western blotting

Fig. 3. The expression of CD44, HMMR and MMP-9 in the metastasis, Adj-metastasis, non-metastasis, Adj-non-metastasis, and NC groups was determined 
using immunohistochemistry assay
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studies on glioma cells. Therefore, research on the mo-
lecular processes of glioma is important. Exosomes have 
become an area of interest in research over the past few 
years, and studies have proven that exosomes are a key fac-
tor in the occurrence and development of tumors.14 Exo-
somes secreted by tumor cells carry specific small mol-
ecules or RNA that can affect the biological functions 
of other cells and thus regulate the progression of cancer.15

Exosomes are cup-shaped vesicles with a double-layer 
membrane structure, with a diameter of 40~100 nm and 
a density of 1.13~1.21 g/mL. Most of them are located 
in intercellular spaces or extracellular fluid, or they circu-
late in the peripheral blood.16 Both tumor and non-tumor 
cells can release a range of cytokines, growth factors, ad-
hesion molecules, and extracellular matrix proteins that 
mediate cell–cell communication in the tumor micro-
environment.17 Exosomes are involved in the tumor mi-
croenvironment and participate in the signal transduc-
tion between cells.18 Compared with normal cells, cancer 
cells secrete larger exosomes, which may be an effective 
diagnostic marker.19 In our study, we isolated and identi-
fied exosomes and found that exosomes were abundant 
in the serum samples of patients with glioma.

The EpCAM is a protein marker of exosomes. To study 
the mechanism underlying the role of EpCAM in glio-
ma, we determined the expression of CD44, HMMR and 
MMP-9 with immunohistochemistry in the study groups: 
metastasis, Adj-metastasis, non-metastasis, Adj-non-me-
tastasis, and NC. The results revealed that CD44 was highly 
expressed in the non-metastasis and metastasis groups 
and that the expression of CD44 in the metastasis group 
was higher than in the non-metastasis group. The  lev-
els of HMMR and MMP-9 expression were the highest 
in the Adj-metastasis and metastasis groups. CD44 is a key 
receptor of MT1-MMP, which degrades the extracellular 
matrix.20 Expression of CD44 is upregulated in many types 
of cancer. Moreover, it mediates metastasis by recruiting 
CD44 to the cell surface.21 In colorectal cancer, specific 
CD44 isoforms are expressed according to the progres-
sion of the disease.22 CD44 is a molecular marker associ-
ated with cancer stem cell population and treatment resis-
tance in glioma.23 The HMMR is found in many cancers, 
such as colorectal cancer.24 It is an oncogene that is highly 
expressed in  glioblastomas and supports the  growth 
of GBM.25 Taking this into consideration, we speculated 
that CD44 was involved in the metastasis of glioma. Our 
results from western blotting demonstrated significantly 
higher expression of CD44 in the metastasis and non-me-
tastasis groups in comparison to the NC group, and higher 
CD44 expression in the metastasis group than in the non-
metastasis group.

There are some limitations of the current study. Firstly, 
the sample size was relatively small. Secondly, the regulatory 
effect of EpCAM in the metastasis of glioma needs to be eval-
uated in animal studies. The recruitment of CD44 to the sur-
face of glioma cells also needs to be confirmed in vivo.

Conclusions

We found that the exosome EpCAM promoted the me-
tastasis of glioma by increasing the expression of CD44.
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Abstract
Background. Novel materials used for dentin hypersensitivity (DH) treatment, including hydroxyapatite-
based desensitizers, are not only effective in occluding dentinal tubules, but are also biocompatible and 
non-toxic. A newly formulated desensitizer containing hydroxyapatite was evaluated in comparison to com-
mercially available desensitizers.

Objectives. To compare the occluding efficacy and durability of 3 commercially available desensitizing agents 
with a pharmaceutical composition developed by the authors based on hydroxyapatite (HAp).

Material and methods. For the experiment, 40 disc-shaped dentin specimens (5 mm thick) were ob-
tained from extracted human teeth. Each disc was divided into 4 sections, so that each desensitizing agent 
could be applied to each specimen and prepared for further evaluation in most homogenous conditions. 
The chemical composition of the dentin surfaces was analyzed using scanning electron microscopy (SEM) 
equipped with an energy-dispersive X-ray spectroscope (EDS), Fourier-transform infrared (FTIR) and Raman 
spectra techniques. The specimens were immersed in an artificial saliva solution for 24 h, 48 h and 7 days 
to assess the durability of the layers and the tubule-obliteration effectiveness. Data analysis was performed 
using Student’s t-test with an average value of normal distribution at an unknown variance with a standard 
deviation (SD) of σ–0.4.

Results. All the test groups showed some degree of dentinal tubule occlusion or a covering layer, but the HAp-
based composition proved to be the longest-lasting. It was concluded that the developed pharmaceutical 
composition creates a coating on the dentin surface built of hydroxyapatite crystals sized 10–20 µm, which 
are likely to constitute a reservoir of calcium and phosphate ions, as well as smaller crystals (0.2–0.3 µm) 
that occlude dentinal tubules.

Conclusions. The composition containing biocompatible hydroxyapatite effectively occluded dentinal tu-
bules and therefore exhibits a potential for reducing the pain and discomfort caused by dentin hypersensitivity.

Key words: scanning electron microscopy, dental material, dentin hypersensitivity, dentin tubules, 
hydroxyapatite
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Introduction

One of the many sensations accompanying us through-
out our lifetime is pain. This physical sensation warns us 
against any violation of physiological barriers or events 
exceeding the  adaptive possibilities of  our bodies and 
body structures, including teeth. A healthy tooth con-
sists of a well innervated and vascularized pulp, dentin, 
enamel, and cement. If physical, chemical or iatrogenic 
factors damage this structure, it causes pain, which may 
become unbearable and force patients to seek specialized 
help. Tooth hypersensitivity, or more appropriately dentin 
(or dentinal) hypersensitivity (DH), is defined as an exces-
sive response to harmless external stimuli,1 which, accord-
ing to researchers, affects as many as 74–80% of the adult 
population, depending on the geographical region.2,3

According to hydrodynamic theories, any restriction 
of tubular fluid movement contributes to the reduction 
of DH.4 There are 2 main chairside approaches for treat-
ing DH: the obliteration of dentin tubules to reduce tubu-
lar fluid movement, and desensitization of nerves to reduce 
their sensitivity to stimuli.5,6 Nerves can be desensitized 
with the use of potassium nitrate, and dentin tubules can 
be occluded with, e.g., glutaraldehyde, silver nitrate or zinc 
chloride, sealed by dentinal adhesives, or by laser (Nd:YAG, 
GaAlAs, Er:YAG).7–14

To date, numerous studies have been conducted with dif-
ferent active ingredients such as strontium chloride, po-
tassium nitrate, potassium, iron and aluminum oxalates, 
bioactive glass, sodium citrate, potassium citrate, calcium 
hydroxyapatite, glutaraldehyde, potassium bicarbonate, 
cyanoacrylates, strontium chloride, calcium hydroxide, 
and silver nitrate in search of a perfect solution for DH.15–

18 Among these materials, nanohydroxyapatite (nHAp) 
is believed to be one of the most effective treatment op-
tions. Its biocompatibility and bioactive nature have been 
widely used in medicine and dentistry.19,20 Hydroxyapa-
tite is a crystallized nonorganic calcium compound that 
is biocompatible and a natural constituent of bones and 
teeth, and it has gained acceptance in treating DH in re-
cent years. There are many in vitro and clinical studies 
that have reported the effective dentin occlusion capabil-
ities of nHAp.19–25

The aim of this in vitro study was to develop a novel 
biocompatible, non-toxic hydroxyapatite-based agent that 
could be used in restorative dentistry.

Material and methods

This study was based on  chemical and radiograph-
ic examinations. The experiment protocol was approved 
by the Bioethics Committee at Wroclaw Medical Univer-
sity (Poland), approval No. KB 230/2014, and has been con-
ducted in full accordance with the World Medical Associa-
tion Declaration of Helsinki. The experimental part of this 

study included selected desensitizing agents that are known 
for their obliterating features (Isodan®, Bifluorid®, Cer-
vitec®) and are commonly used in dentistry, as well as a hy-
droxyapatite-based composition developed by the authors.

Preparation of the HAp-based composition

The present study aimed to create a composition oblit-
erating dentinal tubules with the use of substances that 
may be metabolized by the cells present in the proxim-
ity and inside the tooth. The newly formulated desensi-
tizer consisted of hydroxyapatite (Nanosynhap, Poznań, 
Poland), citric acid and glycerol in a self-developed molar 
ratio. It was prepared by mixing citric acid with glycerol 
and then incubating it at 100°C for 24 h. After this time, 
the pH of the mixture was measured; it ranged from 1.5 
to 3.0. In the next step, calcium hydroxyapatite was add-
ed in the amount of 5–10% of the mixture weight. Tubes 
with the mixture were mounted on an IKA MS 3 basic 
mixer (IKA-Werke GmbH, Staufen im Breisgau, Germany) 
and mixed for 20 s. Then it was reheated at 100°C for 10 h. 
The pH of the mixture ranged from 2.45 to 4.19.

Infrared spectra

Infrared spectra in the 4000–400 cm−1 range were mea-
sured using a Vertex 70V Fourier-transform infrared spec-
troscopy (FTIR) vacuum spectrometer (Brüker Corp., Bill-
erica, USA) for the self-developed composition at different 
concentrations. The measurements were made with the at-
tenuated internal reflection technique, using a single-re-
flection ATR with a diamond crystal in vacuum conditions.

Raman spectra

After analyzing the infrared spectra and literature re-
ports, we  decided to  perform additional Raman spec-
tra measurements on the same samples. Raman spectra 
were measured on a Multi-RAM FT-Raman spectrom-
eter (Brüker Corp.) equipped with a germanium detec-
tor. The  samples were induced with a 1064 nm wave-
length laser (Nd:YAG). The measurements were made 
in  the 3600–50 cm−1 spectral range, with a  resolution 
of 4 cm−1; the number of scans was 256, with laser power 
on a 500 mW sample.

Desensitizing agents and artificial saliva

The commercially-available desensitizing agents includ-
ed in the study were Isodan®, Bifluorid® and Cervitec®. 
Isodan® (Septodont Corp., Saint-Maur-des-Fossés, France) 
is a multi-compound product in the form of a gel that con-
sists of 2-hydroxyethyl methacrylate, potassium nitrate 
and sodium fluoride. Bifluorid 10® (Voco GmbH, Cux
haven, Germany) is a fluoride varnish that contains 5% so-
dium fluoride and 5% calcium fluoride. Cervitec® (Ivoclar 
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Vivadent AG, Schaan, Liechtenstein) is a varnish consist-
ing of chlorhexidine and thymol.

We used a buffered solution of artificial saliva common-
ly used for experiments, with pH 6.7, in g/dm3, consisting 
of K2HPO4 (0.20); Na2HPO4 (0.26); KSCN (0.33); NaHCO3 
(1.5); NaCl (0.70); CO(NH2)2 (0.13); KCl (1.2).

Preparation of the teeth

Forty human teeth extracted due to orthodontic indi-
cations were used to assess the tubule occluding effec-
tiveness of the desensitizers. Under macroscopic evalu-
ation, the teeth appeared fully developed, without caries 
or enamel damage, and free of dental fillings. They were 
cleaned of any tissue residue, blood and saliva, and rinsed 
in NaCl. After drying at room temperature, each tooth 
was sectioned using a diamond separator (ST-DD 22×0; 
Falcon Medical, Lucca, Italy) under constant water cool-
ing to obtain 2 mm-thick enamel-dentin discs. The exter-
nal layer of the enamel was removed to expose the dentin 
using turbine diamond drills and Sof-Lex polishing discs 
(3M ESPE, Saint Paul, USA) to obtain homogeneous, flat 
and smooth surfaces. Selected discs were polished and 
rinsed in demineralized water for 5 min, and then etched 
in 40% citric acid for 1 min to remove the smear layer and 
open dentinal tubules to simulate DH. Afterward, they 
were washed in demineralized water and rinsed in an ul-
trasound washer for 10 min to remove any contaminations. 
Each of the discs was sectioned horizontally and vertically, 
as described in earlier studies,26–29 and divided in 4 equal 
parts (Fig. 1) to compare the tested desensitizers on each 
tooth in similar conditions. The substances under inves-
tigation were then applied to the surfaces of the open tu-
bules, as in the description shown in Fig. 1.

SEM surface examination

The  samples were observed at  ×500,  ×1000,  ×2000, 
and ×5000 magnification using an EVO® LS 15 scanning 
electron microscope (SEM) (Carl Zeiss, Oberkochen, 
Germany). Before the images were taken, a gold layer was 
sprayed onto the  test specimens using the EDWARDS 
SCANCOAT Six device (BOC Edwards, West Sussex, UK).

The SEM examination was performed before applying 
the desensitizing materials, immediately after applying 
them, and after 24 h and 48 h of immersion in the artificial 

saliva solution. After 7 days of immersion in the artificial 
saliva, a SEM examination of the sample with the HAp-
based formulation was carried out. Each of the images 
representing the tooth surface was investigated in terms 
of the agent used (B-Bifluorid®, C-Cervitec®, H-Hydroxy-
apatite, I-Isodan®) and the elapsed time (0 h, 24 h, 48 h, 
168 h) to analyze the dynamics of the changes.

Examination of the dentin disc surface

The extent of tubule occlusion was assessed by a trained 
examiner grading the SEM images. Each of the discs was 
divided into 4 sections, as shown in Fig. 1, to conduct 
a comparative assessment of the obliterating ability of the 3 
commercial desensitizers and our own composition. Spe-
cific regions of each specimen were covered with the de-
sensitizing agents according to the manufacturer’s instruc-
tions, while our own composition was rubbed into the disc 
surface using a micro brush for 10 s and left to dry. After 
the treatment, the specimens were prepared for analysis 
with SEM.

Statistical analysis of the diameter 
of the dentinal tubules

In the study, 8 tooth surface sets with 6 samples in sets 
1–7 and 3 samples in set 8 were randomly selected from 
among the tubules visible on 8 representative SEM pho-
tographs. The t-test was used to test the null hypothesis, 
which assumed a mean value ≥3 and standard deviation 
(SD) σ–0.4.

Results

FTIR spectra

When analyzing the FTIR spectra of the individual com-
ponents, we observed that the calcium phosphate (V) vi-
bration bands were obscured by the bands derived from cit-
ric acid and glycerol. In particular, the range of Ca3(PO4)2 
bands is  in  the area in which we observed glycerol vi-
bration bands. This method did not give us information 
on the qualitative composition of the self-developed mix-
ture, and we could not determine the change in the calci-
um phosphate (V) form in the analyses.

Raman spectra

After analyzing infrared spectra, we decided to measure 
Raman spectra on a Multi-RAM FT-Raman spectrome-
ter (Brüker Corp.) equipped with a germanium detector. 
The samples were excited with a 1064 nm wavelength laser 
(Nd:YAG). The measurements were performed in the 3600–
50 cm−1 spectral range, with a resolution of 4 cm−1, 256 scans 
per sample, and a laser power of 500 mW/sample.

Fig. 1. Dentin disc with desensitizing agents

HAp

BifluoridCervitec

Isodan
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We compared all the samples looking for differences 
in the oscillatory spectra (Fig. 2). Such differences would 
indicate the formation of a new compound, but we did not 
notice any changes. The bands present in the reference 
sample, which contained only calcium phosphate, were also 
present in the samples under analysis. The marker band, 
which is very intense in the spectrum of (PO4)2, at 963 cm−1, 
was present in each sample, which may indicate that no new 
compound had been formed. If a new form of phosphate 
had been formed, the marker band would have been absent. 
According to the literature, in Raman spectra of pure calci-
um phosphate (V), 4 bands (for different types of vibration 
symmetry) should be present: 2 bands of anion stretching 
vibrations [PO4]3− (ν[PO4]3−) and 2 bands that correspond 
to bending vibrations, i.e., δ[PO4]3−.30 Theoretically, these 
bands occur at appropriate frequencies:

− ν1[PO4]3− → 938 cm−1 (type A symmetry),
− ν3[PO4]3− → 1017 cm−1 (type T symmetry),
− δ2[PO4]3− → 420 cm−1 (type E symmetry), and
− δ4[PO4]3− → 567 cm−1 (type T symmetry).
They correspond to the wave numbers on the infrared 

calcium phosphate (V) spectra (FTIR):
− ν1 = 962 cm−1,
− ν3 = 1024 cm−1,
− δ2 = 472 cm−1, and
− δ4 = 600 + 561 cm−1.
The same bands are observed in Raman spectra:
− ν1= 963 cm−1 (the most important characteristic band, 

the very intense marker band),

− ν3 = 1017 + 1048 + 1030 cm−1 (mean of 3 bands, fission 
caused by the solid effect),

− δ2 = 470 + 432 cm−1 (mean of 2 bands), and
− δ4 = 609 + 592 + 581 cm−1 (mean of 3 bands).
Based on the above, the most promising mixture was 

selected for further study; it showed a similar amount 
of glycerol and calcium phosphate (V). The  intensity 
of the bands was similar (e.g., the intensity of the band 
at  1055  cm−1 from glycerol vibrations was similar 
to the intensity of the band at 963 cm−1). A small addi-
tion of citric acid was also observed in this sample (band 
at 1626 cm−1, vibrations in the dilution of -COOH cit-
ric acid groups).

SEM analysis

The SEM examinations did not show any pathological 
changes in the discs we evaluated. Their surfaces with open 
tubules, after removing the smear layer, are shown in Fig. 3. 
The image of the surface has been magnified ×1000, ×2000 
and ×5000. The dentinal tubule diameters were measured 
at ×5000 magnification, and they ranged from 2.714 µm 
to 3.729 µm (Fig. 3D).

After application of the desensitizers

Isodan® was evenly spread across the surface of the den-
tin. Irregularly shaped particles (sized 4–10 µm) were 
found, which were probably crystallized potassium salts, 

Fig. 2. A representative oscillation spectrum for a selected sample of the self-developed mixture
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one of the ingredients of the material (Fig. 4A). The HAp-
based composition developed by the authors tightly cov-
ered the dentin tubules with particles of unconnected hy-
droxyapatite with a maximum size of 30 µm (Fig. 4B) and 
small crystals (sized 200 nm) obliterating the  tubules. 
Bifluorid® created a tight, undulating layer on the dentin 
surface (Fig. 4C), whereas Cervitec® formed a tight var-
nish-like layer (Fig. 4D).

After 24 hours

On the dentin surface covered with Isodan® and incu-
bated for 24 h in artificial saliva (Fig. 4), crystals of the in-
gredients of  the  desensitizer were visible. Still, they 
showed indications of solvency, such as blurred edges and 
melting. The layer covering the tubules was still present, 
and in comparison with the image taken just after its ap-
plication (in which single tubules were open), much larger 
areas with still-open tubules could be seen. After exam-
ining the surface covered with HAp after a 24-hour incu-
bation in artificial saliva (Fig. 4F), larger hydroxyapatite 
crystals had become smaller, and the number of small-
er crystals directly blocking the tubules increased. No 
layer covering the dentin was observed in contrast with 
the previous examination, presented in Fig. 4B. After 

24 h, Bifluorid® still covered only some areas of the sur-
face, revealing a number of dentinal tubules (Fig. 4G). 
It  could not be ascertained unequivocally whether 
the cracks present resulted from the solubility of the lay-
er or from procedures connected with imaging. Since Bi-
fluorid® is a varnish, the ingredients probably cracked af-
ter covering the surface and in contact with saliva, and 
a layer of the product probably peeled off the dentin sur-
face. The surface covered with Cervitec® (Fig. 4H) was 
comparable to the image taken just after its application. 
The crater-like artifacts present in the image probably 
resulted from the process of preparing the sample for 
the SEM examination.

After these images were taken, the specimens were again 
immersed in the artificial saliva solution.

After 48 hours

After a 48-hour incubation in the artificial saliva solu-
tion, there was no trace of Isodan® on the surface (Fig. 4I). 
Probably, the layer dissolved and desorbed from the sur-
face, causing the dentinal tubules to open. Also, single crys-
tal-like formations appeared, but they may have been con-
taminants of the saliva solution. After 48 h in the artificial 
saliva solution, the surface covered with hydroxyapatite 

Fig. 3. SEM images of the dentin surface. A – Isodan®, SEM magnification ×1000; B – HAp, SEM magnification ×2000; C – Bifluorid®, SEM 
magnification ×5000; D – Cervitec®, SEM magnification ×5000, showing the sizes of the tubules obtained with morphometric analysis
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(Fig. 4J) still showed hydroxyapatite crystals (sized ap-
prox. 1 µm), creating conglomerates with uneven distri-
bution. Also, dentinal tubules obliterated with small crys-
tals were seen, as well as the layer covering the dentin. 
Examination of the surface covered with Bifluorid® after 
48 h (Fig. 4K) revealed evident disintegration of the coat-
ing, covering the dentin with cracks, and areas with open 
dentinal tubules were visible. Under microscopic evalua-
tion, dentinal tubules obliterated with particles or crystals 
formed from the disintegrating layer were seen. The sur-
face covered with Cervitec® (Fig. 4L) showed single cracks 
and a larger number of open dentinal tubules in compari-
son with the previous images (Fig. 4D,H).

After 7 days

After a seven-day incubation in artificial saliva, we per-
formed an SEM examination only for the HAp-based com-
position. It was impossible to do the same with the remain-
ing desensitizers, as the layers were completely dissolved. 
In the sample we examined, both large and small hydroxy-
apatite crystals and a coating covering the dentinal surface 
with many cracks were observed. There were many open 
dentinal tubules, but also quite a large number of oblit-
erated ones. A SEM image magnified ×15,000 was taken, 
in which hydroxyapatite crystals obliterating dentinal tu-
bules could be seen, as well as the layer covering the den-
tin around the tubules (Fig. 5).

Analysis of the dynamics of changes 
in the desensitizers

The analysis of the dynamics of changes aimed to de-
termine the effectiveness of closing the open dentin tu-
bules depending on the type of desensitizer used over time 
(Table 1). We observed that Bifluorid®, despite achieving 
the best results immediately after application, was charac-
terized by very dynamic degradation at subsequent stages 
of observation, indicating its average durability. Cervitec® 
showed good results immediately after application and 

Fig. 4. Surface morphology of dentin specimens after treatment with commercial desensitizing agents (Isodan, Bifluorid, Cervitec: A/C/D) and nano-
hydroxyapatite (B); after 24 h (E–H) and 48 h (I–L) of immersion in artificial saliva. Dental specimens covered with the examined substances after drying 
(A–D); the different textures and sizes of crystallized compounds predominant in each desensitizer are visible. The surfaces of the discs covered with 
the desensitizing agents after 24 h of incubation in artificial saliva (E,H). The rinse-off process from the tooth surfaces; opening of the dentinal tubules can 
be seen. The SEM images of the dentin surfaces 48 h after the application of the desensitizing agents (I–L)

Fig. 5. The image of the dentinal disc after applying self-developed 
HAp-based composition and incubation in artificial saliva for 7 days. 
The nanoparticles constituting the composition filled dentinal tubules 
and effectively blocked tubular fluid flow (SEM, magnification ×15,000)

Isodan® hydroxyapatite

af
te

r a
pp

lic
at

io
n

24
 h

 a
ft

er
 a

pp
lic

at
io

n
48

 h
 a

ft
er

 a
pp

lic
at

io
n

Bifluorid® Cervitec®

A B C D

HGFE

I J K L



Adv Clin Exp Med. 2020;29(11):1283–1297 1289

a very slow degradation rate at subsequent stages of ob-
servation, which indicated its relatively higher effective-
ness. Our hydroxyapatite-based agent, despite its initially 
limited effectiveness, was the only substance showing gra-
dation at successive time stages. In other words, its effec-
tiveness only appeared some time after the compound 
was deposited on the surface of the tooth. This shows 
its superiority over the other agents, in which the quality 

of tooth protection weakened with time. Isodan® exhib-
ited moderate efficacy when the first measurement was 
performed and significant (almost total) degradation with 
subsequent analyses. These results allowed us to draw very 
cautious conclusion that, in terms of the stability of the ef-
fects of the applied tubular obliteration technique, the best 
results can be obtained with the use of a hydroxyapatite-
based formulation with apatite crystals sized ≤300 nm.

Fig. 6. Surface mapping of the reference sample with a chemical composition graph. Chemical analyses of the 4 surfaces after application of the tested 
preparations showed the presence of characteristic elements for the given agent. For Isodan®, it was potassium and fluorine; for the self-developed 
desensitizer, calcium and phosphorus; for Bifluorid® it was fluorine; and for Cervitec®, chlorine. Also see Fig. 7 and 8

Table 1. The dynamics of changes in the number of open dentin tubules over time

Tested agent After application 24 h after 
application

48 h after 
application

168 h after 
application Initial Dynamics

Bifluorid® 0.00 ∞%↑ 362%↑ no data ++ −−

Cervitec® 45.00 20%↓ 64%↑ no data +/− +/−

HAp 4.00 1050%↑ 67%↓ 7%↓ + +

Isodan® 0.00 17.00%↓ no data no data + −−
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Results of the chemical analyses 
of the tested surfaces

After performing the chemical analyses and surface 
mapping of the reference sample, the presence of elements 
such as carbon, oxygen, calcium, phosphorus, and mag-
nesium characteristic of the dentin surface imaged using 
the SEM technique was revealed (Fig. 6).

Figure 7 presents the dynamics of the changes in the con-
centration of elements over time (0 h, 24 h, 48 h, 168 h) 
for all the tested agents. Since the protective layer created 
by Isodan® dissolved completely within 48 h, it was exclud-
ed from further analysis. At hour 168, only the self-devel-
oped pharmaceutical composition was analyzed because 
it was the only agent still present on the dentin surface. 
The cumulative chart presents 4 samples (B, C, H, I) with 
selected elements. The bars on the graph do not represent 
the entire chemical composition, but only quantitative con-
tents of the selected compounds (Fig. 8).

The chemical analysis of Isodan® performed immediately 
after its application showed the presence of elements such 
as potassium and sodium, as well as fluorine and nitrogen, 
most likely derived from the potassium nitrate and calcium 
fluoride present in the formulation (Fig. 7A). The hydroxy-
apatite-based desensitizer showed the presence of 2.26% 
phosphorus and 1.17% calcium in a molar ratio similar 
to  the reference sample (Fig. 7B). The surface covered 
with the 3rd desensitizer (Bifluorid®) showed significant 
amounts of fluorine, representing 47.52% of the chemical 
composition of the whole surface (Fig. 7C). The percentage 
increase in calcium content and the significant amounts 
of fluoride are most likely derived from calcium fluoride, 
which is the main component of Bifluorid®. In the chemi-
cal analysis of Cervitec® (Fig. 7D), the presence of chlorine 
was observed, most likely derived from chlorhexidine ac-
etate, the main active ingredient of the product.

After 24 h of immersion in the artificial saliva solution, 
another chemical analysis of the surfaces was performed. 
In the case of Isodan®, an absence of fluorine and potassi-
um (present in the first image) and unchanged levels of ni-
trogen and sodium were observed (Fig. 7E). The chemical 
composition of the HAp-based substance had not changed, 
but the ratio of phosphate ions to calcium ions was differ-
ent (Fig. 7F) with an increase in phosphate ions. The chem-
ical analysis of Bifluorid® revealed 1.5 times greater con-
centrations of calcium and phosphorus, and a ten-fold 
increase in fluorine (Fig. 7G) compared to the analysis 
immediately after application. This may indicate the re-
lease of these ions under the influence of saliva. The anal-
ysis of Cervitec® (Fig. 7H) showed that chlorine ions were 
still present (3 times fewer of them compared to the sam-
ple analyzed immediately after application).

After 48 h of immersion (Fig. 7J), the quantity of calcium 
and phosphorus ions in the HAp-based product was 4 times 
higher than in the earlier samples. This may indicate that 

artificial saliva influenced the dissolution of hydroxyapatite 
crystals and caused a steady release of calcium and phos-
phorus. Fluorine ions were still present on the Bifluorid®-
treated surface (Fig. 7K); however, compared to  the 1st 
measurements, their quantity had decreased by 1/3. A sig-
nificant decrease in the concentration of phosphorus and 
calcium ions was also observed. For Cervitec® (Fig. 7L), 
minimal levels of calcium, phosphate and chloride ions 
were found. Chemical analysis of the HA-p-based desen-
sitizer made 7 days after immersion in the artificial saliva 
solution showed the presence of calcium and phosphate 
ions in a molar ratio of about 1: 1, similarly to the test per-
formed after 24 h (Fig. 9).

Statistical analysis

The study showed an empirical average of observed tu-
bular diameters of 3.01 μm, with a minimum of 2.18 μm 
and a maximum of 4.30 μm. We tested the null hypothe-
sis that the size of dentin tubules was ≥3 μm, with p > 0.9 
(Table 2). Thus, the results of the statistical analysis con-
firm that as objects with diameters not exceeding 2.00 μm, 
hydroxyapatite crystals used as the active substance can 
penetrate defects occurring in the tooth surface and block 
tubular light.

Table 2. Sizes of the dentin tubules (where σ is standard deviation, 
andH is the null hypothesis)

N 45

min [µm] 2.18

median [µm] 3.01

max [µm] 4.30

σ [µm] 0.40

T (H_0:µ_0 ≥ 3 µm) 0.16

H_0:µ_0 ≥ 3 µm true

p-value (H_0:µ_0 ≥ 3 µm) > 0.9

<2.3 2.3 – 2.6 2.6 – 2.9 2.9 – 3.2 3.2 – 3.5 3.5 – 3.8 >3.8
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Fig. 7A–D. Chemical analysis of the surfaces with the agents applied. Chemical structure of the specimens just after application
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Fig. 7E–H. Chemical analysis of the surfaces with the agents applied. After a 24 h of immersion in artificial saliva
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Fig. 7I–L. Chemical analysis of the surfaces with the agents applied. After 48 h of immersed in artificial saliva
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Discussion

Tubule occlusion can be brought about by the deposi-
tion of mineral crystals either on the surface and/or within 
the dentinal tubules. Superficial occlusion of tubules can 
provide only short-term relief as the precipitate can either 
be removed by daily tooth brushing or dissolved by saliva 
and/or consumption of acidic beverages. Effective treat-
ment with long-term results has been related to intratu-
bular deposition of mineral crystals.31,32

Treatment of DH focuses on using substances that limit 
dentin permeability by obliterating dentinal tubules, mak-
ing the dentin insensitive to stimuli like airflow or prob-
ing, which, in normal conditions, cause dentinal fluid flow, 
and as a consequence activate the nerve endings present, 
inflicting pain.33 Studies have shown that dentinal flu-
id flow is proportional to the 4th power of the tubule ra-
dius. This means that when we reduce the radius by half 
anywhere along its length, the fluid flow will not decrease 
by half but to the 4th power, i.e., to 1/16 of  its primary 
flow.34 On the basis of  the above, it may be concluded 
that to reduce or eliminate DH, it is not necessary to oc-
clude tubules completely; but at the same time, the ques-
tion arises what extent of obliteration is sufficient and 
what percentage of exposed tubules should be obliterat-
ed to reduce DH so that the patient feels relief. Different 
active ingredients have been studied to assess their abil-
ity to treat DH. The commercially available desensitizing 
agents used in the present study consisted of such active 
ingredients as potassium nitrate, sodium fluoride, calci-
um fluoride, and chlorhexidine. McCornack and Davies 
suggested that potassium nitrate stimulates odontoblasts 
to synthesize and secrete nitric oxide (NO), which may act 
as a nerve blocker.34 Moreover, it has been observed that 
in the right concentration, potassium salts (e.g., potassium 
chloride) are able to block the activity of the tubular nerve 
endings.33 Calcium salts and phosphate-containing sub-
stances are supposed to generate the deposition of amor-
phous calcium phosphate crystals in the openings, while 

acidic calcium phosphate forms precipitates inside the den-
tinal tubules.35 Fluorine ions may react with free calcium 
ions and form calcium fluoride aggregates by occluding 
dentinal tubules.36 Ten Cate observed that a very low con-
centration of fluorine in liquid form at a low pH could al-
most completely block the dissolution of apatite crystals 
and reduce the degree of demineralization.37 Bizhang et al. 
reported that chlorhexidine (which inhibits the growth 
of bacteria permanently present on the tooth surface) pro-
tects teeth against demineralization.38 Also, satisfactory 
effects were obtained by combining chlorhexidine with 
fluoride.39 Madruga et al. compared the desensitizing ef-
ficacy of the resin-modified glass ionomer cement (GIC) 
ClinproTM XT (3M ESPE) and the conventional GIC Vid-
rion R (SS White Group, Gloucester, UK). Their findings 
suggest that conventional and resin-modified glass iono-
mer cements are also successful in managing DH.40

Dentin adhesion is not as easily achieved as enamel ad-
hesion, since dentin is  living tissue and enamel is not. 
The undisturbed permeability of the dentinal fluid from 
the chamber to the outside while preparing dentin causes 
its surface to undergo constant changes. In addition, all 
the agents applied to dentin and enamel surfaces are dis-
solved by tubular fluid. The smear layer on a prepared tooth 
consists of particles of dentin, collagen fibers, odontoblast 
residue, and bacteria. Its thickness ranges from 0.5 µm 
to 5.0 µm. It also prevents contact and chemical reactions 
with an active agent bonding with the dentin or with a de-
sensitizing agent.41,42 This is why in order to expose the tu-
bules and collagen fibers, it is necessary to achieve bonding 
of the desensitizers with the dentin, which has to under-
go chemo-mechanical preparations. The HAp-based com-
position seems to create a layer made of larger hydroxy-
apatite crystals (10–20 µm in size), which may constitute 
a reservoir of phosphorus and calcium ions as precursors 
of calcium phosphate − a substrate necessary for the next 
stage in  the  dentin remineralization process.43–46 Our 
chemical analysis and SEM examinations demonstrated 
that the HAp-based composition also consists of smaller 

Fig. 8. Dynamics of change in the concentration of chemical elements over time (B – Bifluorid®; C – Cervitec®; I – Isodan®; H – hydroxyapatite)
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crystals (0.2–0.3 µm) that successfully occlude dentinal 
tubules. Moreover, the layer formed seems to be durable, 
which has been proven by showing that both larger and 
smaller crystals were still present after rinsing for 24 h, 
48 h and 7 days in the artificial saliva solution.

The  aim of  the  analysis was to  determine the  abil-
ity to close open dentin tubules depending on the type 

of the desensitizer used and time elapsed since its appli-
cation (Table 1). The analysis of the dynamics of the num-
ber of exposed dentinal tubules showed that Bifluorid®, 
in spite of achieving the best results immediately after ap-
plication, is characterized by very dynamic degradation 
at subsequent stages of observation, indicating its moder-
ate durability; Cervitec® showed good results immediately 

Fig. 9. Chemical analysis of the authors’ HAp-based composition after 7 days. Chemical 
analysis of the authors’ HAp-based composition 7 days after immersion in artificial 
saliva showed the presence of calcium and phosphate ions in a molar ratio of about 1:1, 
as in the test performed after 24 h (Fig. 7F)
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after application and a very slow degradation rate at subse-
quent stages of observation, which indicates its good qual-
ity; the HAp-based composition, despite its initially limited 
effectiveness, was the only substance showing a gradation 
at successive time stages. In other words, its effectiveness 
only appeared after some time, when compounds were 
deposited on the surface of the tooth closing the tubules. 
Isodan® exhibited moderate efficacy when the 1st mea-
surement was performed and significant (almost total) 
degradation with subsequent analyses. The HAp-based 
pharmaceutical composition consists of biocompatible 
and biodegradable chemical compounds that can be found 
in our bodies. Hence any products of its dissolution should 
be removed through natural metabolic processes. This 
composition did not change its properties during storage. 
These results allow us to draw very cautious conclusions 
that, in terms of the stability of the effects of the applied 
tubular obliteration technique, the best results can be ob-
tained with the use of a hydroxyapatite-based formulation 
with apatite crystals sized ≤300 nm.

Conclusions

This in vitro study has shown that the use of hydroxy-
apatite particles <300 nm suspended in glycerol allows 
effective obliteration of dentinal tubules, which was shown 
in SEM images. It has been demonstrated that the use 
of a HAp-based agent with crystals smaller than 300 nm 
may occlude dentinal tubules, making it useful in the treat-
ment and prevention of DH. In the given experimental 
conditions, the durability of the protective coating after 
applying the authors’ own pharmaceutical composition 
was greater than all the other tested desensitizers.47 This 
makes it an excellent alternative to pharmaceutical prod-
ucts based on fluoride, potassium nitrate or multi-com-
ponent products, but further studies are required to con-
firm these findings.
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Abstract
Background. Kidney diseases are the main causative factors of secondary hypertension (HTN) in children. 
Although primary HTN is less common in the pediatric population, its increasing prevalence, especially among 
teenagers, makes early diagnosis an emerging issue.

Objectives. To analyze the potential differences between primary HTN and HTN secondary to renal diseases, 
in order to tailor diagnostic procedures to pediatric patients with suspicion of HTN.

Material and methods. A retrospective evaluation was performed of medical records of 168 children (aged 
from 1 month to 18 years) diagnosed with arterial HTN in the Pediatric Nephrology Department of Wroclaw 
Medical University (Poland). The comparative analysis concerned demographics, causes of HTN, clinical picture, 
laboratory tests, and parameters of ambulatory blood pressure monitoring (ABPM).

Results. Out of 168 children, 47% were diagnosed with primary HTN and 53% with secondary renal HTN. 
The patients with primary HTN were significantly older than those with HTN secondary to renal disease. 
Among the children with primary HTN, 26% were overweight and 42% were obese; among those with 
renal HTN, the proportions were 16% and 19%, respectively. The patients with primary HTN had significantly 
higher body mass index (BMI) percentiles and z-scores, and tended toward higher pulse pressure (PP) values. 
In the group with secondary HTN, ABPM parameters of diastolic blood pressure (DBP) and total cholesterol 
were significantly elevated. The BMI z-scores correlated positively with PP in the whole group.

Conclusions. As expected, HTN secondary to renal disease prevails in younger children, but primary HTN has 
become an emerging issue in teenagers. The diagnostics of HTN secondary to kidney disease have revealed 
risk factors worsening the prognosis, including higher values of cholesterol or of parameters connected with 
DBP. Primary HTN risk factors include obesity and a tendency towards higher PP values.

Key words: obesity, teenagers, ambulatory blood pressure monitoring, mean arterial pressure, pulse pressure
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Introduction

Hypertension (HTN) affects 3–5% of children.1,2 Despite 
the increasing prevalence of primary HTN in teenagers, 
HTN secondary to other underlying disorders still prevails 
in the pediatric population.3 Among causes of second-
ary HTN, renal diseases are predominant and responsible 
for faster disease progression, as well as clinically appar-
ent complications appearing before adulthood.4 Moreover, 
the occurrence of HTN in childhood is associated with 
high blood pressure (BP) in later life and early development 
of cardiovascular disease (CVD).5,6 Thus, early diagnosis 
is of utmost importance in this age group.

In addition to routine procedures including demograph-
ic, laboratory and imaging data, new tools are being used 
to increase the efficiency of diagnostics and to establish 
a prognosis.

In  particular, ambulatory blood pressure monitoring 
(ABPM) is recommended in children, as it ensures compre-
hensive observation during normal patient activity in both 
day- and nighttime periods.7,8 This method ensures direct 
measurement of mean arterial pressure (MAP), which is re-
ported to increase the sensitivity of mild HTN diagnoses 
in patients with borderline BP values.9 Mean arterial pres-
sure is also a predictor of hyperkinetic circulation, which can 
already be observed at the early stages of primary HTN.10 
Current guidelines emphasize the role of MAP in the mon-
itoring of treatment effectiveness.2 Another new tool, pulse 
pressure (PP), is an established predictor of target-organ 
damage in the course of HTN, especially in primary HTN.11

The aim of the study was to analyze the potential differ-
ences between primary HTN and HTN secondary to kid-
ney disease, revealed in the course of diagnostic procedures 
including the clinical picture, laboratory test results and 
selected parameters assessed by ABPM.

Material and methods

We carried out a retrospective analysis of the medical 
records of 168 children, aged from 1 month to 18 years, 
diagnosed for arterial HTN in the Department of Pediat-
ric Nephrology at Wroclaw Medical University (Poland). 
Basic demographic data are presented in Table 1.

Hypertension was diagnosed in  children  <16  years 
whose diastolic and/or systolic blood pressure (DBP and 
SBP) values, obtained during 3 independent measure-
ments, were over the 95th percentile for their age, sex and 
height. In teenagers aged 16–18 years, the threshold value 
was ≥140/90 mm Hg.12 In each child, the diagnosis of HTN 
was established by 3 independent oscillometric office BP 
measurements. Additionally, in children aged >5 years, 
ABPM was performed as a part of the diagnostic process.

The patients were diagnosed with primary HTN or HTN 
secondary to kidney disease according to the European So-
ciety of Hypertension guidelines.13

The  patients were divided into 2 groups according 
to HTN etiology. The group diagnosed with primary HTN 
included 79 children, and the group with HTN secondary 
to renal disease comprised 89 patients. The data collected 
throughout the diagnostic process involved demographics, 
the type and cause of HTN, clinical manifestations, labora-
tory tests, and the results of selected ABPM measurements.

Body mass index (BMI) was assessed in both percentiles 
and z-scores established using the WHO AnthroPlus soft-
ware (World Health Organization, Geneva, Switzerland). 
Patients with BMI equal to or lower than the 3rd percentile 
were qualified as underweight, those with BMI between 
the 85th and 95th as overweight, and those with BMI equal 
or greater than the 95th percentile were qualified as obese.

The ABPM was performed in 118 children >5 years (67 
with primary and 51 with secondary HTN) using the Oscar 
2 ambulatory blood pressure monitor (SunTech Medical 
Inc., Morrisville, USA) and interpreted in accordance with 
recommendations concerning ABPM in children and ad-
olescents.12,13 Each of the measurements was also divided 
into daytime (7:00–23:00) and nighttime (23:00–7:00) pe-
riods. When the number of measurements was insufficient 
(<14 in a daytime session and <7 at night), or less than 70% 
of the measures were interpretable, the results were ex-
cluded from the analysis. The median values of SBP and 
DBP, as well as their loads (percentage of measurements 
above the threshold) MAP and PP were assessed. If there 
was more than 1 ABPM examination for a single patient, 
the results from the time of diagnosis, before treatment 
introduction, was included in the analysis.

All procedures involving human treatment were per-
formed in accordance with the Declaration of Helsinki and 
its further amendments. According to the rules and regula-
tions of Wroclaw Medical University, the study did not re-
quire Ethics Committee approval. However, informed con-
sent regarding the data collection and analysis was obtained 
from the parents and the patients over 16 years of age.

Statistical analysis

The results are presented as median values and inter-
quartile ranges (IQRs) or percentages. The χ2 test, Stu-
dent’s t-test and Pearson’s correlation coefficient were used 
for normally distributed data, and non-parametric tests 
(Mann–Whitney U test and Spearman’s correlation coef-
ficient) were used for other variables. The p-values <0.05 
were considered significant. The statistical analysis was 
performed with STATISTICA v. 13.0 software (StatSoft 
Inc., Tulsa, USA).

Results

Out of 168 patients, 79 were diagnosed with primary 
HTN (47%) and 89 (53%) with HTN secondary to renal 
disease. Basic clinical data concerning the study groups 
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are shown in Table 1. The patients with primary HTN 
were significantly older than the children with second-
ary renal HTN (Table 1). However, there was no age dif-
ference between patients with primary and renal second-
ary HTN when only children who had undergone ABPM 
were analyzed. Teenagers prevailed in the primary HTN 
group, whereas the secondary HTN group included com-
parable numbers of children below and above 11 years old 
(Table 1). There was no gender domination in either group, 
and boys’ and girls’ age was comparable in both groups. 
In children under 11 years old, secondary renal HTN was 
diagnosed in 86.5% of the cases; in teenagers primary HTN 
was the main diagnosis (62%). In the group with second-
ary renal HTN, congenital anomalies tended to prevail 
in older children and glomerulopathies in younger pa-
tients, but these differences did not reach statistical sig-
nificance (Table 2).

Headache, the most frequent symptom related to HTN, 
was present in almost 1/3 of the children, significantly 
more often in the primary HTN group (Table 1) and in ad-
olescents (p < 0.001).

Median values of BMI, BMI percentiles and BMI z-scores 
were significantly higher in patients with primary HTN. 
These patients were also more often obese (Table 1).

Serum lipid disorders showed a preponderance toward 
secondary HTN (Table 3), whereas serum sodium and total 
protein concentrations were higher in the primary HTN 
group than in the secondary HTN group.

The ABPM results revealed significantly higher DBP val-
ues and loads in the secondary HTN group in the 24-hour 
and nighttime periods, with a similar trend observed for 
the daytime period (Table 4).

In the whole study group, there was a relationship be-
tween BMI z-scores and median DBP values (R = −0.3; 
p = 0.002), as well as DBP loads (R = −0.22; p = 0.03). 
There was also a significant correlation between high-
density lipoprotein (HDL) level and DBP values (R = 0.24, 
p = 0.036). However, in the subgroups (primary and sec-
ondary HTN), these correlations failed to reach statisti-
cal significance.

Among the children who had ABPM performed, MAP 
values in  boys were significantly higher than in  girls 
(60 mm Hg compared to 53 mm Hg; p < 0.001). There 
was a tendency towards higher PP values in children with 
primary HTN, but the difference did not reach statistical 
significance. We also observed a significant positive cor-
relation between BMI z-scores and PP (R = 0.21; p = 0.037) 
in the whole study group.

Table 1. Basic patient characteristics

Parameter Primary HTN (n = 79) Secondary HTN (n = 89) p-value

Median age [years] 15.7 10.7 <0.001*

Age distribution
<11 years ≥11 years <11 years ≥11 years

<0.001**
7 (8.9%) 72 (91.1%) 45 (50.6%) 44 (49.4%)

Gender
boys girls boys girls

0.93**
44 (55.7%) 35 (44.3%) 49 (55.1%) 40 (44.9%)

Height [cm] 165.3 137 <0.001*

Median BMI
percentile

92.3 67.3 <0.001*

Median BMI
z-score

1.43 0.45 <0.001*

Overweight 25% 16% 0.19**

Obesity 43% 19% 0.002**

Headaches 43% 18% <0.001**

HTN – hypertension; BMI – body mass index; *Mann–Whitney U test; **χ2 test.

Table 2. Specific causes of HTN secondary to renal disease (differences established with χ2 test and optional Yates’s correction)

Etiology of HTN
secondary to renal disease

All patients with 
secondary renal HTN Patients < 11 years Patients ≥11 years p-value

Congenital anomalies of kidneys and urinary tract (CAKUT) 37 (41.57%) 16 (35.56%) 21 (47.73%) 0.24

Glomerulopathies 32 (35.96%) 21 (46.67%) 13 (29.55%) 0.09

Polycystic kidney disease 11 (12.36%) 6 (13.33%) 5 (11.36%) 0.78

Hemolytic-uremic syndrome 4 (4.49%) 2 (4.44%) 2 (4.55%) 0.98

Renovascular HTN 3 (3.37%) 0 (0%) 3 (6.82%) 0.07

In total 89 (100%) 45 (100%) 44 (100%)

HTN – hypertension.
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Discussion

In  our study, the  majority of  adolescents (11  years 
or  older) were diagnosed with primary HTN, where-
as 86.5% of the children <11 years had secondary renal 
HTN, which is consistent with other observations.14,15 
These data suggest that a renal background should be 
suspected first in  young children with elevated BP, 
whereas primary HTN is the more probable diagnosis 
in adolescents. However, almost 38% of the adolescents 
in our study were diagnosed with secondary HTN. Thus, 
as Litwin stressed,4 the role of routine screening for sec-
ondary HTN in asymptomatic teenagers should not be 
underestimated.

The guidelines of the Polish Society of Pediatric Nephro
logy also emphasize the need for differentiation between 
primary and secondary HTN as soon as  the diagnosis 
is made.7 These recommendations indicate that younger 

age, higher BP and more intense clinical symptoms are 
factors suggesting secondary HTN.

The age discrepancy between primary and secondary 
renal HTN in our study group was most probably a con-
sequence of the fact that 69% of the patients were teenag-
ers. However, when the age distribution in the secondary 
HTN group was taken into account, teenagers still con-
stituted a half of this group. This observation suggests 
that the diagnosis of HTN due to renal diseases was made 
rather late. Such a conclusion should evoke deep concern, 
especially in light of the fact that inborn anomalies are 
the major cause of renal HTN. Therefore, the issue of early 
wide screening of the pediatric population with abdomi-
nal ultrasound should be revisited. Likewise, the necessity 
(emphasized in the Polish Society of Pediatric Nephrology 
guidelines) of taking blood pressure measurements during 
every outpatient visit in every child over 3 years old should 
be kept firmly in mind.7

Table 4. Selected ABPM measurements in the 2 groups

ABPM parameter, median
(IQR)

Primary HTN
(n = 67)

Secondary HTN
(n = 51) p-value

24 h SBP [mm Hg] 132 (127–143) 137 (125–142) 0.57*

Daytime SBP [mm Hg] 134 (129–146) 138 (128–146) 0.62**

Nighttime SBP [mm Hg] 122 (115–132) 123 (118–131) 0.41*

24 h DBP [mm Hg] 74 (70–78) 77 (69–84) 0.02**

Daytime DBP [mm Hg] 76 (72–81) 79 (73–86) 0.06**

Nighttime DBP [mm Hg] 65 (59–70) 67.5 (64–74) 0.02**

24 h SBP load [%] 58 (35–82) 67 (42–85) 0.29**

Daytime SBP load [%] 57 (29–80) 64 (40–88) 0.23**

Nighttime SBP load [%] 63 (30–88) 67 (44.5–93.5) 0.13*

24 h DBP load [%] 32 (17–49) 48 (23–68) 0.028**

Daytime DBP load [%] 29 (13–45) 40 (16–67) 0.067**

Nighttime DBP load [%] 40 (22–63) 56 (33–82) 0.03**

24 h PP [mm Hg] 59 (53–65) 56 (50–62) 0.08**

24 h MAP [mm Hg] 94 (88–99) 96 (90–102) 0.07**

ABPM – ambulatory blood pressure monitoring; HTN – hypertension; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; 
PP – pulse pressure; MAP – mean arterial pressure; *independent t-test; **Mann–Whitney U test; IQR – interquartile range.

Table 3. Basic laboratory test results (statistical significance assessed with Mann–Whitney U test)

Serum parameters (median value; interquartile range) Primary HTN Secondary HTN p-value

Total cholesterol [mg/dL] 163.5 (143–190) 184.5 (158.5–219) 0.002

LDL cholesterol [mg/dL] 93.0 (73–113) 105.0 (84–131) 0.08

HDL cholesterol [mg/dL] 46.0 (40–54) 49.0 (44–66) 0.01

Triglycerides [mg/dL] 101.5 (76–133) 117.0 (80–195) 0.052

Creatinine [mg/dL] 0.86 (0.72–0.97) 0.83 (0.59–1.1) 0.55

Uric acid [mg/dL] 5.6 (4.5–6.5) 5.5 (4.2–6.6) 0.4

Potassium [mmol/L] 4.36 (4.1–4.6) 4.38 (4.2–4.7) 0.51

Sodium [mmol/L] 139.5 (138–141) 138.5 (136.5–140) 0.009

Total protein [g/dL] 7.4 (7.0–7.7) 6.9 (6.3–7.4) <0.001

HTN – hypertension; LDL – low-density lipoprotein; HDL – high-density lipoprotein.
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Headache was the only clinical symptom reported more 
often in patients with primary HTN than in those with 
secondary renal HTN. However, it was also more fre-
quent in teenagers (38% compared to 9%), who consti-
tuted more than 90% of the patients with primary HTN. 
Thus, it should always be treated as an alarming sign, irre
spective of the child’s age.

In  the study group, 68% of  the children with prima-
ry HTN were overweight or obese. For secondary HTN, 
that percentage was significantly smaller, but still mean-
ingful (35%). Our observation confirms the data reported 
by Skrzypczyk et al.16 Thus, obesity may be among the most 
important features indicating HTN etiology. Indeed, 
the prevalence of obesity and its relationship with the in-
creasing number of children diagnosed with HTN is now 
one of the biggest challenges in pediatrics.17–19 To deal 
with this issue, new American BP percentile tables ex-
cluding children with overweight and obesity were intro-
duced in 2017.20

Our analysis revealed that children with secondary HTN 
had higher rates of lipid profile elements, although no cor-
relation to BP values was found. However, Garí-Llanes 
et al. showed a significant positive correlation between se-
rum lipid profiles and BP values that was already present 
at the pre-HTN stage.21 Future analyses involving a more 
representative group may show similar relationships.

Ambulatory blood pressure monitoring has recently 
emerged as a method of choice in diagnosing and mon-
itoring HTN in the pediatric population.22 The Clinical 
Practice Guidelines developed by the American Academy 
of Pediatrics emphasize the role of ABPM in confirming 
diagnoses, detecting and excluding masked and white-
coat HTN, and assessing therapeutic results in children.23 
The ABPM has also been reported to be a useful tool to dif-
ferentiate between primary and secondary HTN.24

In our study, among the children who underwent ABPM, 
DBP values and loads were significantly higher in children 
with secondary HTN during the 24-hour and nighttime peri-
ods. A similar trend was noticed for the daytime, but it did not 
reach statistical significance. These results were confirma-
tory of our previous analysis involving a smaller group of pa-
tients.25 Flynn et al. reported similar results, although in sec-
ondary HTN greater loads were also observed in nocturnal 
SBP measurements.24 Another study on a cohort of untreat-
ed HTN patients showed higher nighttime loads.26 Undoubt-
edly, differences in nighttime loads may make ABPM an im-
portant tool in early suspicion of secondary HTN, as this 
is the reference method of monitoring BP at night.

Our patients’ BMI z-scores were negatively correlated 
with mean DBP values and loads. Although this correla-
tion disappeared when the subgroups of primary and sec-
ondary HTN were analyzed separately, high BMI remains 
an important marker suggesting primary HTN.

In our research, based on APBM results, PP values did 
not differ significantly between patients with prima-
ry and secondary HTN. When PP values from office BP 

records were analyzed for the whole study group, those 
in the primary HTN subgroup were significantly higher 
than in the secondary HTN subgroup (p < 0.02). However, 
some patients showed significant differences between PP 
values calculated from office and ABPM measurements, 
so this method-related bias requires further verification. 
Pulse pressure and MAP are non-invasive BP parame-
ters obtained from ABPM. The significance of PP has in-
creased in recent years, as it has turned out to be a prog-
nostic factor of HTN in currently normotensive patients, 
and of a target-organ damage in the course of HTN, both 
in children and adults.27–29 Our observation is convergent 
with the reported role of PP as a marker of arterial stiffness 
in essential HTN.30 Moreover, the values of PP in boys were 
significantly higher than those in girls, which requires con-
firmation on a larger group of patients. The positive cor-
relation between BMI z-scores and PP values found in our 
entire HTN group was similar to results of Chandramohan 
et al., who revealed a statistically significant association 
between wide PP and high waist circumference in a large 
cohort of children (n = 4667).31

The  potential strength of  MAP values gained from 
ABPM comes from the fact that the oscillometric tech-
nique measures MAP directly. MAP has been shown to be 
a predictor of cardiovascular mortality in adults.32 In our 
group of patients, MAP revealed no differences in terms 
of the type of HTN, age or gender. However, the useful-
ness of this parameter in diagnosing and differentiating 
the type of HTN in the pediatric population remains un-
known and requires further investigation.

This study confirms the  worldwide tendency toward 
the increasing occurrence of primary HTN among teenag-
ers, as well as its close connection with the obesity epidemic. 
We have also upheld the growing importance of ABPM, both 
due to the efficient diagnostics of nighttime BP elevation 
and the potential prognostic value of PP. The need for ear-
lier diagnostics of renal HTN should be given high priority.

Our study has limitations. Apart from age-related bias, 
it did not take into account all the possible reasons for sec-
ondary HTN. However, it did analyze renal causes in de-
tail. This research should be continued in order to draw 
more reliable conclusions, especially in the promising area 
of ABPM measurements.

Conclusions

According to previous international observations, pri-
mary HTN has become an emerging issue in teenagers, 
whereas in younger children HTN secondary to renal dis-
ease still prevails. Primary HTN has shown a higher oc-
currence of obesity and a tendency towards higher values 
of PP, both of which may potentially facilitate diagnosis. 
Risk factors worsening the prognosis in HTN secondary 
to kidney disease include higher values of cholesterol or pa-
rameters connected with DBP.
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Abstract
Background. Advanced heart failure (AdvHF) is associated with high morbidity and mortality. Patients 
with this clinical condition are potential candidates for heart transplantation or mechanical circulatory sup-
port. Initially, however, they are usually supported with inotropic drugs. Recent studies have suggested that 
levosimendan, independently of hemodynamic improvements, may lead to outcome benefits.

Objectives. To present clinical experiences concerning the indications, effectiveness, tolerance, and safety 
of levosimendan in the real-life therapy of patients with decompensated AdvHF in 3 cardiac centers in Poland.

Material and methods. This is a prospective, observational, three-center study. Forty-nine patients 
with AdvHF admitted with decompensation were included (88% men, mean age 58 years, 65% ischemic 
etiology, left ventricular ejection fraction (LVEF) in median 20%) and followed up for an early (3 months) 
and prolonged period (1 year) after infusion of levosimendan. Patients were analyzed in relation to death.

Results. Levosimendan therapy was associated with reduced HF symptoms and signs, New York Heart 
Association (NYHA) class and level of B-type natriuretic peptide (BNP) at discharge. Five patients died dur-
ing hospitalization, a further 10 during the three-month follow-up and 3 died during the next nine-month 
follow-up. During the three-month follow-up, 22 patients were re-hospitalized due to HF and in the next 
nine-month follow-up 8 were re-hospitalized. A multivariate analysis indicated the QRS duration at discharge 
(hazard ratio (HR) = 1.02; 95% confidence interval (95% CI) = 1.003–1.03; p = 0.018), high-sensitivity 
C-reactive protein (hsCRP) (HR = 1.01; 95% CI = 1.004–1.02; p = 0.002), and simultaneous dobutamine 
infusion (HR = 6.54; 95% CI = 1.4–30.5; p = 0.017) were independent risk factors for death in the one-year 
follow-up. There were no side effects leading to the interruption of the levosimendan infusion.

Conclusions. The use of levosimendan was safe and associated with clinical improvement and reduction 
in BNP level in AdvHF patients hospitalized due to HF decompensation, although the mortality and re-
hospitalization rate during the one-year follow-up remains high.

Key words: prognosis, levosimendan, advanced heart failure
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Introduction

Patients with advanced heart failure (AdvHF), which 
is associated with poor prognosis, comprise an estimated 
1% to 10% of the overall heart failure (HF) population and 
this number is still increasing.1,2 In acute HF, the estimat-
ed in-hospital mortality is 2–17%, a high 30-day mortality 
of 6.5%, and one-year mortality of up to 45%.3 On the oth-
er hand, the implementation of evidence-based therapies 
in chronic HF, which improved outcomes,2 showed im-
provement in the advanced stage of the disease. There-
fore, a growing proportion of patients with AdvHF often 
need mechanical circulatory support, heart transplanta-
tion or palliative care.1–4 The pharmacotherapy in AdvHF 
is insignificant. Recent innovative drugs in acute HF re-
ported no evidence of  benefit on  outcomes.5 Therapy 
with classical inotropes, such as dobutamine and milri-
none, is able to temporary improve hemodynamic and re-
duce symptoms, but long-term prognosis of patients with 
AdvHF remains unfavorable.1,2,4,6 In the last (2016) HF 
guidelines, infusion of classical inotropic agents is limit-
ed to patients with signs of hypotension and/or hypoper-
fusion despite adequate filling status to increase cardiac 
output, vital organ perfusion and blood pressure (Class 
IIb).2 Additional pharmacological options that improve 
prognosis are still desirable. One such option is  levosi-
mendan, a calcium sensitizer. Its inotropic effect is de-
pendent on changes in troponin C conformation during 
systole, leading to sensitization of the contractile appara-
tus to calcium ions. Levosimendan also has vasodilator ef-
fect related to the activation of ATP-dependent potassium 
channels.7,8 There are data and meta-analyses indicating 
significant benefits from levosimendan therapy in acute 
HF and AdvHF.9–16 However, due to high costs and lim-
ited access to the therapy, clinical experience with levo-
simendan is still limited in many countries including Po-
land. The real-life use of levosimendan remains restricted 
to high-expertise AdvHF centers in Poland.

Therefore, the aim of this study is to present the clini-
cal experiences concerning the real-life clinical indica-
tions, effectiveness, tolerance, and safety of levosimendan 
in the therapy of patients with AdvHF.

Material and methods

This prospective, observational multicenter study was 
conducted between August 2015 and December 2018 
at 3 clinical centers in Poland (Gdańsk, Łódź and Poznań) 
specializing in HF management. Eligible patients were ad-
mitted to hospital with decompensation of AdvHF (New 
Yotk Heart Association (NYHA) class IV and/or  signs 
of congestion) with reduced left ventricular ejection frac-
tion (LVEF) diagnosed at least 3 months before admission 
and receiving individually optimized HF therapy in ac-
cordance with treatment guidelines,2 which constituted 

the inclusion criteria. Advanced HF was recognized accord-
ing to the updated definition published in 2018.1

All 49 included patients received infusion of  levosi-
mendan. Mean cumulative drug dose per patient was 
12.5 ±4.7 mg. Twenty-two patients (45%) were treated with 
simultaneous dobutamine infusion. Median hospitalization 
duration was 22 days (interquartile range (IQR)) 10–32).

All patients had routinely measured laboratory tests and 
echocardiograms.

The follow-up after infusion was in early (3 months) 
and prolonged (1 year) period. The study was approved 
by the local Ethics Committees (approval No. RNN/231/19/
KE, KE/335/20). The paper includes an analysis of the le-
vosimendan safety and tolerability profile and the prog-
nosis (death, hospitalization due to HF).

Statistical analysis

Quantitative variables are described with mean and 
standard deviation (SD), or for non-normally distribut-
ed variables the median and IQR. Normality of the vari-
ables was verified using the Shapiro–Wilk normality test. 
For categorical variables, the number of observations (N) 
with the corresponding percentage (%) is given. To com-
pare 2 independent groups, Student’s t-test for continuous 
variables with normal distribution or the non-parametric 
Mann–Whitney U test for non-normally distributed vari-
ables was used.

For qualitative variables, Pearson’s χ2 test, ML χ2 test 
or χ2 test with Yates’s correction was applied (regarding 
the expected counts in the contingency tables). Variables 
significant in univariate comparisons at p < 0.10 were 
included in  the multivariate stepwise Cox proportion-
al hazards model to determine the independent risk fac-
tors of death. The Kaplan–Meier survival curve was also 
determined.

Missing data were imputed using the missForest algo-
rithm (a multiple imputation procedure). In multivariate 
analysis, the results were considered statistically signifi-
cant at p < 0.05.

To compare 2 dependent groups (i.e., before and after 
the treatment), the nonparametric Wilcoxon signed-rank 
test (for quantitative variables) and the McNemar–Bowker 
test with correction for continuity (for categorical vari-
ables) were used.

All the calculations were performed using the statisti-
cal packages STATISTICA PL v. 13.3 (StatSoft Inc., Tulsa, 
USA) and the R environment (the “missForest” package; 
www.r-project.org).

Results

Data of 49 patients (43 men, 88%) with median age 58 
(IQR = 43–63) years were analyzed. In the majority of pa-
tients, ischemic cardiomyopathy was the  cause of  HF 
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(Table 2) and left ventricular ejection fraction (LVEF) was 
in median 20% (Table 3) with enlargement of left ventri-
cle, dysfunction of right ventricle (measured by tricus-
pid annular plane systolic excursion – TAPSE) with high 
probability of pulmonary hypertension (SPAP – systolic 
pulmonary arterial pressure – estimated from tricuspid 
regurgitation flow – Table 3) and concomitant function-
al mitral regurgitation (FMR; 44 patients, 90%). At ad-
mission, systolic blood pressure (SBP) was 107 mm Hg 
(IQR = 97–115 mm Hg), while diastolic blood pressure 
(DBP) was 70 mm Hg (IQR = 60–77 mm Hg). The level 
of  B-type natriuretic peptide (BNP) was 1838  pg/mL 
(IQR = 823–3271 pg/mL).

Baseline demographics, laboratory parameters and clin-
ical presentation are shown in Tables 1 and 2, echocardio-
graphic data in Table 3.

At discharge, a significant reduction in HF symptoms and 
signs was observed (Fig. 1). At admission, 24 (49%) patients 
had NYHA class IV, while at discharge only 5/44 (11%) pa-
tients had class IV. Also, BNP concentration was signifi-
cantly reduced from 1838 pg/mL (IQR = 823–3271 pg/mL) 
at admission to 1654 pg/mL (IQR = 1001–2706 pg/mL) 
at discharge (p = 0.018).

Five (10%) patients died during hospitalization due 
to worsening HF, but not during the infusion of levosimen-
dan. During the three-month follow-up, 22 of 44 patients 
(50%) were re-hospitalized for decompensation of HF, and 
10 (23%) patients died. The next 3 patients died during 
the following nine-month observation period and 8 were 
hospitalized due to HF. During the hospitalization with le-
vosimendan, 5 patients received left ventricular assist de-
vice (LVAD) implantation at 18.2 ±18.9 days, and 2 patients 

Table 1. Baseline demographic, clinical presentation and laboratory 
parameters

Variable Mean ±SD or median (IQR)

Age [years] 58 (43–63)

BMI [kg/m2] 28.1 ±5.4

Number of HF hospitalizations 
within the last 12 months, N

2 (1–3)

HR [bpm] 82 (76–95)

QRS [ms] 132 (106–159)

BNP [pg/mL] 1838 (823–3271)

Hs-TnT [μg/L] 0.03 (0.02–0.07)

RDW [%] 16 (14.6–17.0)

Ferritin [g/L] 125 (68–254)

Transferrin saturation [%] 11.8 (8.8–20.0)

Serum sodium [mmol/L] 137 (134–139)

Serum potassium [mmol/L] 4.20 (3.7–4.5)

Creatinine [mmol/L] 115 (90–139)

eGFR (MDRD) [mL/min/1.73 m2] 58.5 (40.1–83.0)

hsCRP [mg/L] 9.1 (4.2–13.4)

Total cholesterol [mmol/L] 3.46 ±1.18

LDL cholesterol [mmol/L] 2.09 ±0.94

HDL cholesterol [mmol/L] 0.85 (0.59–1.14)

Triglycerides [mmol/L] 0.93 (0.74–1.39)

Total bilirubin [μmol/L] 26.93 (18.5–44.5)

AST [IU/L] 39 (29–55)

ALT [IU/L] 30 (22–49)

6MWT [m] 235 ±48.9

Data is presented as mean (standard deviation – SD) or median and 
interquartile range (IQR) related to normal or non-normal distribution.
BMI – body mass index; DBP – diastolic blood pressure; eGFR – estimated 
glomerular filtration rate; hsCRP – high-sensitivity C-reactive protein; 
hs-TnT – high-sensitivity troponin-T; HR – heart rate; MDRD – modification 
of diet in renal disease; BNP – B-type natriuretic peptide; NT-pro-
BNP – N-terminal-pro B-type natriuretic peptide; RDW – red blood cell 
distribution width; SBP – systolic blood pressure; LDL – low-density 
lipoprotein; HDL – high-density lipoprotein; AST – aspartate transaminase; 
ALT – alanine transaminase; 6MWT – 6-minute walk test

Table 2. Etiology, history of HF at admission, concomitant diseases and 
treatment

Parameter N (%)

Etiology

Ischemic 32 (65)

Non-ischemic 17 (35)

Duration of HF

<1 year 7 (14)

1–5 years 12 (24)

>5 years 30 (62)

Atrial fibrillation at admission 30 (67)

LBBB 10 (20)

RBBB 5 (10)

ICD 8 (16)

CRT-D 4 (8)

Concomitant diseases

Hypertension 21 (43)

Renal failure 18 (37)

Diabetes mellitus 17 (35)

History of stroke/TIA 7 (14)

History of pulmonary embolism 3 (6)

Chronic obstructive lung disease 1 (2)

Pharmacotherapy

ACEI/ARB 25 (51)

β-blocker 47 (96)

MRA 48 (98)

Diuretic 47 (96)

Ivabradine 7 (14)

ARNI 10 (20)

Digoxin 6 (12)

ACEI – angiotensin-converting-enzyme inhibitors; ARB – angiotensin 
II receptor blockers; ARNI – angiotensin receptor-neprilysin 
inhibitors; CRT-D – cardiac resynchronization therapy defibrillator; 
ICD – implantable cardioverter defibrillator; LBBB – left bundle branch 
block; MRA – mineralocorticoid receptor antagonists; RBBB – right bundle 
branch block; TIA – transient ischemic attack; HF – heart failure.
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had heart transplantation at 45 and 97 days after being 
treated with levosimendan use, respectively.

From univariate analysis, longer levosimendan infu-
sion (p = 0.045), lower minimum systolic (p = 0.027) and 

diastolic (p = 0.05) BP during infusion, QRS duration 
at discharge (p = 0.06), and higher high-sensitivity C-re-
active protein (hsCRP) (p = 0.0001) were associated with 
death. The differences between analyzed groups related 
to death from all collected data are presented in Table 4.

Finally, Cox proportional hazards model revealed 
independent variables for death: QRS duration at dis-
charge (hazard ratio (HR) = 1.02; 95% confidence inter-
val (95% CI) = 1.003–1.03; p = 0.018), hsCRP (HR = 1.01; 
95% CI = 1.004–1.02; p = 0.002) and simultaneous do-
butamine infusion (HR  =  6.54; 95% CI  =  1.4–30.5; 
p = 0.017).

The Kaplan–Meier survival curve is presented in Fig. 2. 
The probability of survival during the 1st year was at 69%.

Safety and tolerability

Levosimendan infusions were associated with a mean re-
duction of SBP by −13.31 mm Hg and DBP by −9.64 mm Hg. 
Due to hypotension, 22 (45%) patients received simultane-
ous dobutamine infusion and/or a slower levosimendan 
infusion rate without interruption. There were no episodes 
of symptomatic hypotension. The other observed poten-
tial side effects were ventricular extrasystoles (31%), atri-
al fibrillation (7%), supraventricular tachycardia (3%), and 
non-sustained ventricular tachycardia (12%).

Fig. 1. Clinical improvement in N patients 
– all p < 0.05 apart from peripheral 
hypoperfusion and hepatomegaly
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Table 3. Echocardiographic data at admission

Parameter Mean ±SD or median (IQR)

LVEF [%] 20 (15–26)

TAPSE [mm] 13 (11–15)

LVEDd [mm] 71 ±9.9

LVESd [mm] 61.5 (56.0–67.5)

LVEDV [mL] 252 (205–286)

LVESV [mL] 188 (170–240)

VCI [mm] 24.44 ±6.08

SPAP [mm Hg] 51.74 ±16.10

FMR-VC [mm] 5.94 ±1.88

LAVi [mL/m2] 42 (31.0–61.5)

Data is presented as mean (standard deviation – SD) or median and 
interquartile range (IQR) related to normal or non-normal distribution.
FMR-VC – functional mitral regurgitation – vena contracta; LVEDd – left 
ventricular end-diastolic diameter; LAVi – left atrial volume index; 
LVEDV – left ventricular end-diastolic volume; LVEF – left ventricular 
ejection fraction; LVESV – left ventricular end-systolic volume; LVESd – left 
ventricular end-systolic diameter; SPAP – systolic pulmonary artery pressure; 
TAPSE – tricuspid annulus peak systolic excursion; VCI – vena cava inferior.

Table 4. From all analyzed variables statistical important differences between the studied groups

Parameter
Died (n = 18) Survived (n = 31)

p-value
mean ±SD or median (IQR) mean ±SD or median (IQR)

QRS duration at discharge [ms] 150 ±50 128 ±22.3 0.0595

hsCRP [mg/L] 34.3 (17–157) 7.6 (3.7–15.5) 0.0001

RDW [%] 17.8 (16.1–22.8) 16.1 (14.6–17) 0.0071

Total bilirubin [μmol/L] 76.95 (39.3–90.6) 22.91 (15.6–33.3) 0.0047

Minimum SBP during infusion [mm Hg] 86.07 ±11.95 95.24 ±12.43 0.0269

Minimum DBP during infusion [mm Hg] 52.93 ±9.4 58.41 ±9.03 0.0495

Duration of infusion [h] 30 (25–30) 25 (23–27) 0.0451

Dobutamine infusion [%] 16 (87) 10 (31) 0.0015

DBP – diastolic blood pressure; hsCRP – high-sensitivity C-reactive protein; SBP – systolic blood pressure; SD – standard deviation; IQR – interquartile range.
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Discussion

The paper presents Polish real-life multicenter expe-
riences with levosimendan in the treatment of patients 
with decompensated AdvHF. According to 2018 updates 
of the Heart Failure Association, classical inotropic drugs 
are not recommended as a routine treatment in AdvHF, 
but may be used in selected patients as short-term thera-
py, especially as a bridge to mechanical circulatory support 
or transplantation.1 Intermittent use of levosimendan may 
also be useful in such cases to improve clinical outcome 
and reduction in hospitalizations.1,17 Despite this recom-
mendation, levosimendan is rarely used in Poland. This 
limitation is not only due to relatively high cost of the ther-
apy, but also due to concerns about its safety and is related 
to its little experience in the treatment of AdvHF.

Our study reported high re-hospitalizations rates 
in  short- and long-term period with survival at  69% 
in a one-year follow-up in a population with AdHF hospi-
talized due to HF decompensation. The studied popula-
tion was in advanced stage of HF with significant dysfunc-
tion of LVEF (median 20%), enlargement of LV 71/61.5 mm 
(left ventricle end-diastolic volume (LVEDV)/left ventricle 
end-systolic volume (LVESV) 252/188 mL) and dysfunction 
of the right ventricle (TAPSE in median 13 mm). Among 
analyzed variables, longer levosimendan infusion, lower 
minimum SBP and DBP during infusion, and simultane-
ous dobutamine infusion were associated with mortality. 
These factors confirm that patients with hypotension and 
hypoperfusion have a serious prognosis and high mortality 
rates. Patients requiring simultaneous inotropic support 
with dobutamine infusion had a very serious clinical sta-
tus, which is why they died frequently. It is worth noting 
that low use of angiotensin-converting-enzyme inhibitors 

(ACEI), angiotensin II receptor blockers (ARB) and angio-
tensin receptor-neprilysin inhibitors (ARNI) in the stud-
ied group (73%) was related to hypotension and/or wors-
ening renal function.

However, on discharge patients showed improvement 
in the clinical status, NYHA class and BNP levels after le-
vosimendan therapy. So far, levosimendan has been stud-
ied in different clinical situations of acute HF, also showing 
the reduction of HF clinical signs and symptoms, and im-
proved hemodynamics in patients with acute HF. REVIVE I 
trial was a pilot study of 100 patients, which showed that 
acute decompensated HF (ADHF) patients treated with le-
vosimendan saw a significant improvement of clinical signs 
and symptoms of HF.15 A 600-patient trial (REVIVE II) 
comprising of patients with acute decompensated HF with 
LVEF < 35% revealed that fewer levosimendan patients 
experienced worsening HF (15% of patients in the levosi-
mendan group and 26% of patients in the control group). 
In patients with ADHF, levosimendan infusion provided 
rapid and long-lasting symptomatic relief.15

In the double-blind study, levosimendan infusion ver-
sus dobutamine (LIDO) in 203 patients with severe low-
output acute HF, the hemodynamic improvement defined 
as an increase of 30% or more in cardiac output and a de-
crease of 25% or more in pulmonary capillary wedge pres-
sure (PCWP) after 24 h was achieved in 28% of the levosi-
mendan group and 15% in the dobutamine group (HR = 1.9; 
95% CI = 1.1–3.3; p = 0.022). The defined primary endpoint 
as the hemodynamic improvement was associated with 
clinical benefit for mortality in 180 days in levosimendan 
population (HR = 0.57; 95% CI = 0.34–0.95; p = 0.029).12 
Moreover, a post hoc analysis of the LIDO trial showed 
that hemodynamic effect of levosimendan compared to do-
butamine was better in the presence of beta-blockers.12

Fig. 2. The Kaplan–Meier survival curve1.0
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On the other hand, the SURVIVE trial was the  first 
randomized multicenter double-blind, prospective trial 
to monitor long-term survival in patients with ADHF eval-
uating 2 inotropic agents, levosimendan and dobutamine. 
In 1,327 patients with LVEF < 30% not responding to stan-
dard therapy, in all-cause mortality, there was no signif-
icant difference between the studied groups (levosimen-
dan 26% compared to dobutamine 28%, HR = 0.91 (95% 
CI = 0.74–1.13); p = 0.401).14 However, the retrospective 
analysis of the SURVIVE trial revealed that in the presence 
of β-blockers, mortality was lower for levosimendan than 
for dobutamine.18 In another multinational, randomized, 
double-blind, phase IV study among HF patients in NYHA 
class III and IV, despite optimal treatment for HF including 
β-blocker therapy, improvement in hemodynamic param-
eters like PCWP and cardiac index (CI) with levosimen-
dan was significantly greater compared with dobutamine 
at 24 h after the start of the infusion, and the effects last-
ing at 48 h though levosimendan was only administered 
for 24 h and dobutamine for 48 h.19 Therefore, levosimen-
dan is perceived as an therapeutic option in ADHF popu-
lation on optimal medical treatment, requiring inotropic 
agents.19 This observation is clinically important, because 
the majority of patients with HF are receiving β-blockers. 
In our study at admission with HF decompensation, 96% 
of patients were treated with β-blockers (in 4% there were 
side effects as hypotension and/or bradycardia). In contrast 
to dobutamine, hemodynamic effects of levosimendan are 
not reduced by a β-blocker use.20 According to the 2016 
European Society of Cardiology (ESC) HF guidelines, le-
vosimendan should be the preferred inotropic agent for 
a HF decompensated patient with concomitant β-blocker 
treatment.1,2

Important concerns limiting the use of levosimendan 
in AdvHF are its possible side effects, especially hypoten-
sion. Levosimendan should be used with caution in patients 
with low baseline SBP (<100 mm Hg) or DBP (<60 mm Hg), 
or those at risk of a hypotensive episode; also, hypovolemia 
should be corrected prior to levosimendan infusion.20 Cur-
rent use of an initial bolus of levosimendan is not recom-
mended in order to minimize the risk of hypotension.20 In-
fusion should be started at a dose of 0.1 mg/kg/min or even 
0.05 mg/kg/min when SBP is below 100 mm Hg and titrat-
ed to 0.2 mg/kg/min if BP remains stable after the first 
2–3 h.20 If patients develop hypotension, one should reduce 
the infusion rate or co-administer dobutamine or nor-
epinephrine. In our group, the infusion was not initiat-
ed with a  loading bolus. Due to hypotension, 22 (45%) 
of our patients received simultaneous dobutamine infu-
sion. However, dobutamine infusion was one of the in-
dependent variable for risk of death (HR = 6.54, p < 0.01) 
in our study. Levosimendan infusions were associated 
with a mean reduction in SBP of −13.31 mm Hg and DBP 
of −9.64 mm Hg. No serious hypotonic episodes or con-
sequent discontinuation of levosimendan infusion were 
observed. However, the reduction of BP during infusion 

recorded in the meta-analysis by Gong at al.21 was low-
er than in our group –  in SBP −7.08 mm Hg and DBP 
−4.75 mm Hg – which is probably related to the studied 
population.

Other frequent side effects of levosimendan infusion are 
supra- and ventricular arrhythmias. Also, hypokalemia 
is mentioned. In the SURVIVE study,18 patients treated with 
levosimendan were more likely to experience atrial fibrilla-
tion (AF) episodes, but no differences were observed with 
respect to frequency of ventricular arrhythmias comparing 
to dobutamine. Similarly, the REVIVE II study also showed 
that patients treated with levosimendan more frequently 
had atrial arrhythmias (levosimendan 9% compared to pla-
cebo 2%; p < 0.001) and also episodes of ventricular tachy-
cardia (25% compared to 17%, respectively, p = 0.031).15,20 
In the studied population, there is no data about AF epi-
sodes during infusion, because over 2/3 of patients had AF 
at admission. However, in our opinion, AF episodes in levo-
simendan patients could also be the sign of advanced stage 
of HF, not only the side effect of the therapy, similar as for 
non-sustained ventricular tachycardia (in our population 
4 (12%) cases). Although no patient in our group had hy-
pokalemia, it is worth mentioning that the potassium level 
should be checked before and monitored during infusion 
of levosimendan, and corrected if low. Because infusion 
of levosimendan may cause a decrease in the potassium lev-
el, increasing it should be considered before infusion even 
with borderline low potassium. Hypokalemia may also be 
a trigger of arrhythmia. No episodes of sudden cardiac ar-
rest were observed in our study.

Side effects of levosimendan may be related to more ad-
vanced state of HF. Nevertheless, AdvHF patients have 
a high mortality rate and some of the observed side effects 
might not be as relevant.

In our study, as seen in multivariate analysis, QRS du-
ration and hsCRP were also independent risk factors for 
death. A wide QRS complex on the electrocardiography 
(ECG), especially left bundle branch block (LBBB), indi-
cates interventricular dyssynchrony, and is a well-known 
marker of poor prognosis in HF.22–24 C-reactive protein 
is a biomarker of local and systemic inflammation and its 
correlation with the severity and prognosis of HF is also 
well documented.25,26 Although there are many risk mark-
ers (clinical, laboratory, imaging, etc.) and numerous risk 
scores in patients with AdvHF, clinical history, number 
of recurrent HF hospitalizations and the physician’s ex-
perience are still critical.1

It is worth noting that LVADs were implanted in 5 de-
scribed patients and heart transplantations were per-
formed in the other 2 patients during the follow-up. This 
suggests that infusion of  levosimendan may be of val-
ue especially in patients waiting for advanced treatment 
in HF. There was the low rate of device usage at baseline 
– implantable cardioverter defibrillator and cardiac re-
synchronization therapy in only 24%. In one-year follow-
up the subsequent 20 patients received ICDs and 6 CTRs. 
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Only 1 patient underwent a Mitraclip procedure 3 years 
before. These data indicate that there is still a large need 
for invasive procedures in this population in our country.

Despite the  successful treatments for chronic HF 
in AdvHF, it is still impossible to demonstrate the surviv-
al benefit and find the effective pharmacotherapy. The last 
(2019) expert consensus proposed levosimendan as a safer 
inodilator option than traditional agents in AdvHF, with 
prolonged action and pleiotropic properties, including an-
ti-inflammatory and anti-oxidative effects, and as protec-
tion not only of myocardial cells, but also of hepatic, re-
nal and neural cells from ischemia/reperfusion injury.27

In our study, the patients benefited from levosimen-
dan therapy, as their symptoms, signs of HF and the level 
of BNP were reduced. Clinical improvement with levosi-
mendan creates an opportunity in AdvHF to bridge thera-
py to invasive procedures, including LVAD or heart trans-
plantation. Therefore, levosimendan therapy should be 
used more frequently and earlier in HF journey of pa-
tients with HFrEF. The cost of 1 ampulla of levosimen-
dan is about 3,400 PLN, which in the hospitalization rate 
of E52 group for AdvHF (5,813 PLN) might be well settled. 
Our results indicate the relative safety of this drug, which 
may contribute to its greater popularity.

On the other hand, AdvHF represents a severe form 
of the syndrome, usually worsening over time and, there-
fore, requiring the frequent administration of inotropes.30 
Levosimendan with its long-lasting effect of active metab-
olite is the only inodilator in this setting and there is evi-
dence from some studies indicating the benefits of repeti-
tive use of levosimendan in AdvHF.28 Finally, we still need 
further clinical experiences with levosimendan therapy 
in multicenter, prospective trials to establish the impact 
of levosimendan on mortality in AdvHF.

Limitations of the study

This was an observational study without a control group 
and the size of the analyzed group was limited. The ob-
served side effects of levosimendan might be related to more 
advanced state of HF; however, without a control group, side 
effects can only potentially be associated with the drug.

Conclusions

The use of levosimendan in patients with decompen-
sated AdvHF is safe and is associated with clinical bene-
fits, reflected by reduced HF symptoms and signs, NYHA 
class and BNP level, although mortality and re-hospi-
talization rates were high during the  one-year follow-
up. In AdvHF, levosimendan might be used more often 
as bridge therapy to invasive advanced procedures, such 
as LVAD or transplantation.
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Abstract
Background. Nowadays, heart failure (HF) is a significant health problem due to steady increase in di-
agnosis, unpredictable acute decompensations and high mortality rate. Early risk stratifications of clinical 
deterioration are essential in preventing life-threatening events and ensuring proper patients management. 
Increased neutrophil to lymphocytes ratio (NTLR) above 6 is associated with the risk of re-hospitalizations 
and increased mortality.

Objectives. To compare NTLR and clinical, laboratory and hemodynamic results obtained from patients 
re-hospitalized within six-month intervals due to HF decompensation.

Material and methods. We evaluated 41 patients (n = 36 males (87%) and n = 5 females (13%), mean 
age 50 ±10 years) admitted to our hospital at least twice within six-month interval due to decompensation 
of chronic heart failure (CHF) between 2017 and 2019. All patients were divided into 2 groups depending 
on the NTLR values.

Results. There was no death in presented group during the observational time. We observed a significant 
difference in cardiac index (CI) – 2.4 ±0.5 compared to 2.6 ±0.6 L/m2/min – between the 1st and 2nd 
admission (p = 0.0356). The right ventricle systolic pressure (RVSP) results related to NTLR level revealed 
significant difference (43 ±14 mm Hg compared to 59 ±21 mm Hg, p = 0.0438). We observed a significant 
increase of pulmonary vascular resistance (PVR) values (175 ±106 compared to 438 ±300 dyn*s*cm−5, 
p = 0.0386) in patients with NTLR above 6.

Conclusions. Neutrophil to lymphocyte ratio may be an easy and suitable tool for monitoring of the HF 
progression. According to our study, the ratio correlates with PVR and RVSP increase.

Key words: neutrophils, heart failure, pulmonary hypertension, pulmonary vascular resistance
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Background

Nowadays, heart failure (HF) is  a  significant health 
problem due to steady increase in diagnosis, unpredict-
able acute decompensations and high mortality rate.1 Ear-
ly risk stratifications of clinical deterioration are essential 
in preventing life-threatening events and ensuring proper 
patient management.2 Pulmonary hypertension secondary 
to HF is a factor of poor prognosis and has a significant 
influence on the severity of the disease.3

Increased neutrophil to  lymphocytes ratio (NTLR) 
above 6 is associated with the risk of re-hospitalizations 
and increased mortality.4 In response to a variety of sig-
nals, neutrophils produce several cytokines and other 
inflammatory factors, including neutrophil serine prote-
ases, peroxidases, proteinases, gelatinases, NADPH oxi-
dase, and pentraxin 3.5,6 Cytokine hypothesis involving 
serum elevation levels of interleukin 1 (IL-1), tumor necro-
sis factor α (TNF-α), transmembrane suppression of tu-
morigenicity-2 receptor (ST2), IL-6, and galectin-3 in HF 
patients support inflammatory contribution of disease 
progression.7

We analyzed the clinical status, laboratory results and he-
modynamic parameters in patients suffering from chronic 

heart failure (CHF), re-hospitalized within 6 months in our 
hospital.

Material and methods

We evaluated 41 patients (n = 36 men (87%) and n = 5 
women (13%), mean age 50 ± 10 years) admitted to our hos-
pital at least twice within a six-month interval due to de-
compensation of CHF due to HF with reduced ejection 
fraction (HFrEF) between 2017 and 2019. Twenty of them 
were diagnosed with dilated cardiomyopathy (DCM) and 
21 with ischemic cardiomyopathy (ICM). Mean body mass 
was 85 ±15 kg compared to 87 ±16 kg on 1st and 2nd ad-
mission, respectively, and the mean height was 176 ±8 cm. 
Concomitant diseases included diabetes mellitus (DM; 
3 patients), chronic obstructive pulmonary disease (COPD; 
2 patients), kidney dysfunction (2 patients), and a history 
of stroke (1 patient).

On admission and during hospitalization, laboratory 
tests, echocardiography, right catheterization, and 6-min-
ute walking test (6MWT) were performed (Table 1). We an-
alyzed baseline patients’ demographics, change in func-
tional class according to  World Health Organization 

Table 1. Differences in laboratory, echocardiographic and RHC parameters between 1st and 2nd hospitalization

Parameters 1st admission 2nd admission p-value

Whole blood count

Leukocyte count  [10e/L = 109/L] 7.3 [6.3–8.4] 7 [5.8–8.3] 0.0593

Neutrophil count [10e/L = 109/L] 4.9 [4.1–5.9] 4.8 [3.9–5.8] 0.1561

Lymphocyte count [10e/L = 109/L] 1.4 [1.2–1.8] 1.5 [1–2] 0.2461

NTLR 3.5 [2.5–4.7] 3.3 [2.2–4.4] 0.7216

Hemoglobin [mmol/L] 9.2 [8.7–9.6] 8.9 [8.5–9.5] 0.3724

Albumin [mg/dL] 40.3 [38.5–42.8] 40.5 [38.5–41.9] 0.4476

AST [IU/L] 136 [31–140] 136 [34–139] 0.8174

Creatinine [mg/dL] 101.4 [85.9–128.2] 94 [83.3–122.9] 0.8055

CRP [mg/L] 2 [1.0–6.2] 2.8 [1.1–8.8] 0.2256

BNP [pg/mL] 310 [133.4–645.1] 360 [131.9–567.0] 0.2158

proBNP [pg/mL] 1652 [743–2618] 1467 [831–2627] 0.4661 

Echocardiographic parameters 

LVD [mm] 75 [67–80] 73 [65–82] 0.8561

RVD [mm] 35 [32–39] 35 [31–37] 0.4461

RVSP [mm Hg] 40 [34–55] 45 [35–50] 0.9652

LVEF [%] 20 [15–25] 20 [15–25] 0.5888

Right heart catheterization

PAPm [mm Hg] 32.5 [23–44] 29.5 [21.5–40.0] 0.3626

CO [L/min] 4.7 [3.9–5.5] 5.3 [4.6–6.0] 0.0534

CI [L/m2/min] 2.3 [2–2.7] 2.6 [2.4–2.9] 0.0356

PVR [dyn*s*cm−5] 151.5 [113–270] 150 [106.0–218.5] 0.1401

Data presented as median [LQ–UQ]; LQ – lower quartile; UQ – upper quartile; AST – aspartate aminotransferase; BNP – natriuretic brain peptide; 
CI – cardiac index; CO – cardiac output; CRP – C-reactive protein; EF – ejection fraction; LVD – left ventricle diameter; LVEF – left ventricle ejection fraction; 
NTLR – neutrophil to lymphocyte ratio; NT-proBNP – N-terminal prohormone natriuretic brain peptide; PAPm – mean pulmonary artery pressure; 
PVR – pulmonary vascular resistance; RHC – right heart catheterization; RSVP – right ventricle systolic pressure.
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(WHO) classification, results of 6MWT, and vital signs 
on admission (including heart rate, blood pressure). Lab-
oratory data included brain natriuretic peptide (BNP), N-
terminal prohormone of brain natriuretic peptide (NT-
pro-BNP), blood morphology, C-reactive protein (CRP), 
creatinine, alanine aminotransaminase (ALT), aspartate 
transaminase (AST), and NTLR. Echocardiography was 
performed in each patient at the admission, including left 
and right ventricle and atrial diameters, left ventricle ejec-
tion fraction (LVEF), presence of pericardial effusion, right 
atrial pressure (RAP) estimated by evaluating the inferior 
cava (IVC) size and change with respiration, and right ven-
tricle systolic pressure (RVSP). The estimation of RVSP was 
based on the peak tricuspid regurgitation velocity (TRV) 
taking into account RAP as described by the simplified 
Bernoulli equation.

Right heart catheterization was performed in the cath-
eterization lab. Pressure measurements were obtained, 
including mean RAP, right ventricle pressure (systolic, 
diastolic and end-diastolic), pulmonary artery pressure 
(systolic, diastolic and mean), and wedge pressure. Cardiac 
output (CO) was measured with thermodilution with cold 
saline. The cardiac index (CI), pulmonary vascular resis-
tance (PVR), systemic vascular resistance (SVR), and trans-
pulmonary gradient (TPG) were estimated.

All patients were divided into 2 groups depending 
on the NTLR values obtained from blood samples taken 
on admission. The values above or below 6 determined 
the division according to previous reports.7

Statistical analysis

Mean body mass, weight, 6MWT results and drugs daily 
dosages were presented as mean values and standard devia-
tions (SD). The analyzed parameters were presented as me-
dians and interquartile range (IQR), since data did not fol-
low according to normal distribution (Shapiro–Wilk test); 
therefore, non-parametric tests were used. The compari-
son between data obtained during the 1st and 2nd admission 
was performed with Wilcoxon matched pairs test. Param-
eters between patients with NTLR value lower or greater 
than 6 were compared with Mann–Whitney test. Statis-
tical analysis was performed using STATISTICA v. 13.3 
(StatSoft Inc., Tulsa, USA). All tests were considered sig-
nificant at p < 0.05.

Results

There was no death in  the  presented group during 
the observational time (2017–2019). The clinical evaluation 
of severity of HF decompensation was based on the New 
York Heart Association (NYHA) classification with mean 
NYHA functional class on  the  1st and 2nd admissions 
2.5 ±0.5 and 3.2 ±0.5, respectively. The indications for 2nd 
admission were based on worsening in clinical symptoms 

regarding shortness of breath in 41 (100%), easy fatigue 
in 35 (85%) and lower extremities swellings in 38 (93%) 
patients. Five (12%) patients reported persistent cough.

There was neither a statistically significant difference 
in NYHA stage nor a correlation between NYHA stage and 
NTLR between both admissions. Moreover, the differences 
in BNP and NT-pro-BNP serum levels between both ad-
missions were non-significant. The BNP serum levels were 
435 ±409 pg/mL compared to 485 ±537 pg/mL on the 1st and 
2nd admission, respectively. The NT-pro-BNP serum levels 
were 2103 ±1942 pg/mL compared to 2171 ±2239 pg/mL 
on  the 1st and 2nd admission, respectively. The  results 
of BNP serum levels related to NTLR were still insignifi-
cant (413 ±418 pg/mL compared to 566 ±263 pg/mL, re-
spectively, p = 0.0736). The results of NT-pro-BNP serum 
levels related to NTLR were not significant (1961 ±1982 pg 
compared to 2938 ±1979 pg/mL, respectively, p = 0.0933). 
Detailed data is presented in Table 1.

There was no significant difference in echocardiograph-
ic parameters between both admissions including RSVP 
results (45 ±16 mm Hg compared to 45 ±13 mm Hg, re-
spectively). The RVSP results related to NTLR subgroups 
revealed a significant difference (43 ±14 mm Hg compared 
to 59 ±21 mm Hg, p = 0.0438). Detailed data is present-
ed in Table 2.

The clinical evaluation was also performed with 6MWT 
before discharge. The mean values of achieved distances 
on 1st and 2nd hospitalization were 356 ±41 m compared 
to 361 ±52 m, respectively. The results of 6MWT during 
the 2nd hospitalization in 2 NTLR subgroups were signif-
icantly different: 331 ±42 compared to 378 ±39 m, in pa-
tients with NTLR ratio above and below 6, respectively.

We observed a significant difference in CI (2.4 ±0.5 com-
pared to 2.6 ±0.6 L/m2/min) between the 1st and 2nd ad-
mission (p = 0.0356). However, there was no relationship 
between NTLR level and CI.

There was no statistical difference in PVR values be-
tween admissions in studied group (212 ±170 compared 
to 190 ±117 dyn*s*cm−5). However, we observed a significant 
increase in PVR values (175 ±106 compared to 438 ±300 
dyn*s*cm−5), p = 0.0386 in patients with NTLR above 6.

Pharmacotherapy on 1st admission included β-blockers, 
diuretics, eplerenone, and angiotensin-converting-enzyme 
inhibitors (ACE-I). The doses of diuretics and ACE-I were 
optimized increased during 1st hospitalization. Pharmaco-
therapy regimes between both admissions are compared 
in Table 3.

Discussion

To the best of our knowledge, this is the first study pre-
senting the correlation between NTLR and PVR and RVSP 
increase in patients with CHF. Heart failure is a challeng-
ing clinical problem with high mortality risk, exceeding 50% 
within 5 years.8 Therapy is focused on clinical improvement 
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by blocking neurohormonal and sympathetic systems ac-
tivation.9 In different types of cardiomyopathies, the trig-
ger insult may be of inflammatory etiology with secondary 
immune system activation in response. The blood-recruit-
ed monocytes infiltrate the myocardium, causing further 
deterioration of  the heart function.10,11 The persistence 
of inflammation after acute phases promotes adverse heart 

remodeling.12 In our study, we focused on a possible risk 
prognosis for future clinical deterioration assessed with 
NTLR. Neutrophils are known to be important effector cells 
in the immune system responding to multiple signals by pro-
ducing inflammatory factors.13,14 They are involved in cell 
activation at the inflammatory sites.15 The link between HF 
development and clinical progression is strong and comple-
mentary to neurohormonal activation.16 Neutrophil to lym-
phocyte ratio above 6 is a known predictor for in-hospital 
mortality among patients with acute decompensations.17

In our study, there was a correlation noticed between 
NTLR and PVR values. Hence, the NTLR could be a pos-
sible prognostic factor for future clinical status deteriora-
tion among patients requiring readmission within a six-
month time interval. Right heart catheterization (RHC) 
is a definitive tool for accurate hemodynamic monitoring.18 
We found the PVR increased from 175 ±105 dyn*s*cm−5 
to 438 ±300 dyn*s*cm−5 in the subgroup of patients with 
elevated NTLR. Although the BNP and NT-pro-BNP val-
ues were insignificant, the progression of the failing heart 
was noticed by hemodynamic results of heart function. 
In our study, we present the results confirming NTLR 
as a significant marker for future heart function deteri-
oration. There was no statistically significant difference 
in RVSP between admissions, but an increase was not-
ed (42 ±14 mm Hg compared to 59 ±21 mm Hg) regard-
ing NTLR.

Table 3. Pharmacology during both hospitalizations

Pharmacotherapy 1st admission
(n = 41 patients)

2nd admission
(n = 41 patients)

β-blockers:
Metoprolol [mg/daily]

number of patients
Bisoprolol [mg/daily]

number of patients
Carvedilol [mg/daily]

number of patients

100 ±37.5
4 (10%)
10 ±2.5
2 (5%)

25 ±12.5
35 (85%)

100 ±25
4 (10%)
10 ±2.5
2 (5%)

25 ±6.25
35 (85%)

Diuretics:
Furosemide [mg/daily]

number of patients
Eplenorone [mg/daily]

number of patients
Torasemide [mg/daily]

number of patients

120 ±80
41 (100%)
50 ±1.25

41 (100%)
10 ±3

4 (10%)

180 ±40
41 (100%)
50 ±0.25

41 (100%)
20 ±4

6 (15%)

ACE-I:
Ramipril [mg/daily]

number of patients
3.3 ±1.6

41 (100%)
4.8 ±1.2

41 (100%)

ACE-I – angiotensin-converting-enzyme inhibitors.

Table 2. Differences in laboratory, echocardiographic and RHC parameters between NTLR subgroups

Parameter NTLR ≤ 6 NTLR > 6 p-value

Laboratory results

Leukocyte count [10e/L = 109/L] 7.1 [6.2–8] 9.9 [8.4–10.6] 0.0036

Hemoglobin [mmol/L] 9.2 [8.7–9.6] 9.1 [8.5–9.4] 0.5922

Albumin [mg/dL] 40.7 [38.4–43.0] 39.4 [38.6–40.4] 0.5444

AST [IU/L] 136 [30–140] 137 [31–140] 0.9410

Creatinine [mg/dL] 93.9 [81.8–125.3] 125.4 [111.9–134.4] 0.0797

CRP [mg/L] 1.8 [1.0–5.2] 8.9 [6.2–10.2] 0.0676

BNP [pg/mL] 240 [122.1–574.4] 519.4 [356.1–650.4] 0.0736

NT-proBNP [pg/mL] 1293 [674–2590] 2775.5 [1763–4626] 0.0933

Echocardiography

LV [mm] 73 [64–80] 80 [75–84] 0.0930

RV [mm] 34 [31–39] 35 [35–37] 0.3952

EF [%] 20 [15–25] 20 [15–23] 0.7930

RVSP [mm Hg] 40 [32–49] 60 [40–65] 0.0438

Right catheterization

PAPm [mm Hg] 28.5 [21.5–42.5] 44 [33.0–57.5] 0.1005

CO [L/min] 4.9 [4.2–5.5] 3.7 [3.6–4.6] 0.2244

CI [L/m2/min] 2.4 [2.1–2.7] 2 [1.8–2.4] 0.1227

PVR [dyn*s*cm−5] 142 [99.5–244.3] 407 [186–690] 0.0386

Data presented as median [LQ–UQ]; LQ – lower quartile; UQ – upper quartile; AST – aspartate aminotransferase; BNP – natriuretic brain peptide; 
CI – cardiac index; CO – cardiac output; CRP – C-reactive protein; EF – ejection fraction; LVD – left ventricle diameter; LVEF – left ventricle ejection fraction; 
NTLR – neutrophil to lymphocyte ratio; NT-proBNP – N-terminal pro hormone natriuretic brain peptide; PAPm – mean pulmonary artery pressure; 
PVR – pulmonary vascular resistance; RHC – right heart catheterization; RSVP – right ventricle systolic pressure.
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Although the population did not differ in NYHA stage 
between both admissions, the clinical symptoms requir-
ing hospitalizations may be related to increase in pulmo-
nary hypertension evaluated easily using RSVP results 
in echocardiographic imaging. Among predictors in pa-
tients with left ventricular dysfunction, impaired function 
of right ventricle is believed to be an independent predic-
tor of less than 30% survival within 5 years.19 Echocardiog-
raphy of right ventricle hemodynamics is focused on its 
function and on risk estimation of pulmonary hyperten-
sion. Both parameters are significant for patients’ progno-
sis including disease severity and survival.20 We present 
the results of the study, indicating NTLR as an easy labo-
ratory tool of parallel significance related to RHC results.

We noticed that despite clinical deterioration, heart 
catheterization revealed an increase in CI. The initial re-
sults were 2.4 ±0.5 2.6 ±0.6 L/m2/min and changed to 
2.6 ±0.6 L/m2/min (p = 0.0356). The differences may be 
explained by pharmacotherapy optimization including di-
uretics and ACE-I doses increase. However, there was no 
relationship between NTLR level and CI.

The most significant result of the study is connected 
to the NTLR to PVR estimation with RHC. Pulmonary 
vascular resistance is a lone predictor of poor outcomes 
according to previous studies in patients suffering from 
HF.21 Moreover, the PVR increase indicates ominous dis-
ease progression.22,23 The results of our study suggest that 
NTLR can be a suitable, quick and easy tool for assessing 
the risk of PVR progression stratification in patients suf-
fering from circulatory insufficiency.

Conclusions

Neutrophil to lymphocyte ratio may be an easy and suit-
able tool for monitoring HF progression. According to our 
study, the ratio correlates with PVR and RVSP increase.
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Abstract
Background. Chromogranin A (CgA) is one of the non-specific markers measured in the biochemical 
diagnostics of neuroendocrine neoplasms (NENs).

Objectives. To analyze the CgA levels of patients with carcinoid syndrome who are being treated with 
somatostatin analogues (SSAs), depending on the histologic maturity of the neoplasm, the degree of liver 
involvement and the stage of the disease.

Material and methods. The study group comprised of 41 patients, including 29 women (70.7%) and 
12 men (29.3%). All of the patients had undergone surgical removal of the primary site. Hepatic metastases 
were found in all patients and they all were treated with SSAs. Chromogranin A concentration was determined 
using the enzyme-linked immunosorbent assay (ELISA).

Results. Among the patients with grade 1 tumors, the mean CgA value was 298.83 ng/mL, whereas 
in the group with grade 2 tumors, the CgA value was 1498.44 ng/mL, which was a statistically significant 
difference (p < 0.001). In the group of patients with 10% liver involvement, the mean CgA value was 
394.44 ng/mL, whereas in the group of patients with 25% liver involvement, this value was 1770.63 ng/mL, 
demonstrating significantly higher values (p < 0.001). Among the patients with a progressing disease, 
the mean CgA concentration value was 1620.78 ng/mL, whereas in the group of patients with a stable 
disease, these were considerably lower, amounting to 230.36 ng/mL (p < 0.001).

Conclusions. Assessing CgA level in patients with carcinoid syndrome is helpful in the diagnostics and 
monitoring of treatment because CgA values depend on the tumor grade and the severity of the disease.

Key words: chromogranin A, carcinoid syndrome, somatostatin analogues
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Introduction

Neuroendocrine neoplasms (NENs) are characterized 
by hormonal activity, which is used in diagnosis and mon-
itoring of the treatment. Biochemical markers measured 
in the blood serum may be specific or non-specific. Non-
specific markers include chromogranin A (CgA) and neu-
ron-specific enolase (NSE).1 Chromogranin A is a highly sta-
ble molecule and no special precautions are needed to store 
the serum or plasma.2–4 The highest CgA concentrations 
have been found in patients with carcinoid syndrome; thus, 
it is an important marker used in the monitoring and treat-
ment of neuroendocrine cancers and an independent prog-
nostic indicator of survival in patients with NENs. Based 
on research conducted on patients with carcinoid tumors, 
it has been determined that CgA concentration may reflect 
the severity of the disease and correlate with disease pro-
gression. Chromogranin A concentrations are considerably 
higher in the majority of NEN cases, but particularly high 
values are observed in the classic carcinoid tumor.5 Chro-
mogranin A may also be used as a marker in the estima-
tion of a tumor’s rate of growth. The time of CgA concen-
tration doubling is of significant prognostic value, that is, 
the shorter the doubling time the worse the prognosis.6,7 
Treatment with somatostatin analogues (SSAs) consider-
ably reduces CgA concentrations, particularly with carci-
noid tumors, by inhibiting the synthesis and release of CgA 
from tumor cells. In the case of disease progression during 
treatment with SSAs, elevated CgA concentration may re-
flect a lack of control over the tumor secretion activity or its 
growth.8–15 The aim of our study was to assess the concen-
tration of CgA in patients with carcinoid syndrome who 
were continuously treated with SSAs. The study compared 
patients according to the degree of histological maturity and 
the degree of liver involvement by metastases, and depending 
on whether the disease was stable or progressing. The study 
had a purely clinical aspect – to assess the prognosis of treat-
ment in patients with varying degrees of disease progression.

Material and methods

The study group comprised 41 patients – 29 women (70.7%) 
and 12 men (29.3%) – diagnosed with a NEN of the small 
bowel. The mean age of the men was 60.41 ±4.90 years, and 
for the women it was 64.20 ±10.39 years. All patients had 
undergone surgical removal of the primary site with his-
topathological assessment according to the World Health 
Organization (WHO) 2017 classification. Grade G1 was 
found in 19 tissue preparations (46.3%) and the remain-
ing 22 preparations were classified as G2 (53.7%). All pa-
tients underwent detailed imaging diagnostics (abdominal 
cavity ultrasonography and computed tomography (CT) 
of the chest, abdominal cavity, and small pelvis) and sup-
plementary biochemical monitoring (CgA, serotonin and 
5-HIAA) in order to assess their clinical progress. In each 

case, cardiologic consultation was performed with echo-
cardiography in order to identify any carcinoid heart dis-
ease (tricuspid and pulmonary valve lesions were found 
in 32 cases). All of the patients were found to have hepatic 
metastases (10% liver involvement in 23 cases and 25% liver 
involvement in 18 cases). All patients exhibited symptoms 
of carcinoid syndrome in the form of diarrhea, facial flush, 
telangiectasia, and myopathic symptoms.

In each case, to qualify the patients for SSA therapy, re-
ceptor scintigraphy was performed using 99mTc-EDDA/
HYNIC-TOC. The degree of radiotracer uptake in liver me-
tastases was assessed according to the qualitative scale de-
veloped by E. Krenning (degrees 0–4). In the study group, 
the radiotracer uptake in the liver ranged between grades 
3 and 4 on Krenning’s scale. In patients with histological 
maturity (G1), the radiotracer uptake was grade 4, while 
in the G2 patients, it was grade 3. It  is also worth add-
ing that the degree of radiotracer uptake in patients with 
disease progression in most cases was grade 3. The study 
group was treated with SSAs from 2014 to 2018 and were 
administered octreotide LAR at a dose of 30 mg (intramus-
cularly) or lanreotide autogel at a dose of 120 mg (subcuta-
neously) every 4 weeks. The CgA levels were measured ev-
ery 3 months. However, the abdominal CT imaging tests 
every 6 months in order to obtain an objective assessment 
of the response to treatment according to RECIST 1.1 cri-
teria. Chromogranin A concentration was determined us-
ing enzyme-linked immunosorbent assay (ELISA), using 
the Cisbio-Bioassays sets (Perkin Elmer, Waltham, USA). 
The cut-off point for CgA was 100 ng/mL at an analytical 
sensitivity of 19 ng/mL, in line with the manufacturer’s 
recommendations.

Statistical assessment

An analysis of the quantitative variables was performed 
by calculating the means, standard deviation (SD), medi-
ans, minimum quartiles, and maximum values. The Mann–
Whitney test was used to compare the quantitative variables 
in the 2 groups. Correlation between 2 quantitative variables 
was analyzed using Pearson’s and Spearman’s coefficients. 
A significance level of 0.05 was adopted in the analysis. 
Thus, all values below 0.05 were interpreted as indicat-
ing statistically significant relationships. The analysis was 
performed in the software R v. 3.3.1 (www.r-project.org).

Results

Assessment of CgA concentration 
depending on histologic maturity

In the group of patients with G1 tumors (n = 19), the mean 
CgA value was 298.83 ±99.81 ng/mL, whereas in the G2 
group (n = 22) the CgA value was 1498.44 ±459.64 ng/mL; 
this represents a significant difference between the groups 
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(p < 0.001; Table 1). A similar relationship was observed 
in  the  analysis of  the  final CgA concentration values, 
that is, in the G1 group the mean of the final CgA values 
was 755.14 ±218.33 ng/mL, while in the G2 group it was 
3486.88 ±1241.35 ng/mL (p < 0.001; Table 2). The CgA 
doubling time in the G1 group was 39.00 ±11.13 months, 
whereas in  the  G2 group it  was considerably shorter, 
amounting to 18.81 ±11.64 months. It  is worth empha-
sizing that in the G1 group, the increase in CgA concen-
tration during SSA treatment was significantly lower and 
more prolonged in comparison to the patients from the G2 
group (p < 0.001). This resulted in a significant increase 
in progression-free time.

Assessment of CgA concentration 
depending on liver involvement

Among the patients with 10% liver involvement (n = 23), 
the mean CgA value was 394.44 ±120.51 ng/mL, where-
as in the group of patients with 25% liver involvement 
(n = 18), this value was 1770.63 ±404.11 ng/mL, represent-
ing a statistically significant difference (p < 0.001; Table 3). 
In the case of the final CgA values in the 1st group, the mean 

of the final CgA values was 566.86 ±285.44 ng/mL, where-
as in the 2nd group the values were also higher, with a mean 
of 4123.44 ±1874.77 ng/mL (p < 0.001; Table 4). It should be 
also noted that among patients with 10% liver involvement, 
the CgA doubling time was 37.12 ±12.99 months, while 
in the group with 25% liver involvement, it was consider-
ably shorter: 15.16 ±7.52 months. In the group of patients 
with 10% liver involvement, the increase in CgA value dur-
ing SSA treatment was statistically lower than in the group 
of patients with 25% liver involvement (p < 0.001). This 
had a considerable impact on extending the progression-
free time.

Assessment of CgA concentration 
depending the stage of the disease

Among the patients for whom the disease was found to be 
progressing during the SSA treatment (n = 21), the mean 
CgA concentration was 1620.78 ±385.55 ng/mL, whereas 
in the group of patients with stable disease (n = 20), they were 
considerably lower, amounting to 230.36 ±106.44 ng/mL 
(p < 0.001; Table 5). The analysis of the final CgA values 
revealed similar results: the group with a stable disease 

Table 1. Mean chromogranin A (CgA) value [ng/mL] depending on grading

Grading
Mean CgA value [ng/mL]

p-value*
n mean SD median min max Q1 Q3

G1 19 298.83 99.81 220.80 144.71 836.85 190.81 253.04
p < 0.001

G2 22 1498.44 459.64 1452.07 127.86 3801.5 547.50 2243.63

* Mann–Whitney test; SD – standard deviation.

Table 2. Final chromogranin A (CgA) value [ng/mL] depending on grading

Grading
Final CgA value [ng/mL]

p-value*
n mean SD median min max Q1 Q3

G1 19 755.14 218.33 321.34 200.76 2254.74 260.56 366.67
p < 0.001

G2 22 3486.88 1241.35 2514.14 65.43 9876.34 1230.38 5612.95

* Mann–Whitney test; SD – standard deviation.

Table 3. Mean chromogranin A (CgA) value [ng/mL] depending on the degree of liver involvement

Liver involvement 
degree

Mean CgA value [ng/mL]
p-value*

n mean SD median min max Q1 Q3

10% 23 394.44 120.51 219.52 127.86 820.77 176.79 253.04
p < 0.001

25% 18 1770.63 404.11 1655.67 198.23 3801.5 745.87 2684.41

* Mann–Whitney test; SD – standard deviation.

Table 4. Final chromogranin A (CgA) value [ng/mL] depending on the degree of liver involvement

Liver involvement 
degree

Final CgA value [ng/mL]
p-value*

n mean SD median min max Q1 Q3

10% 23 566.86 285.44 321.23 65.43 2793.61 240.43 366.67
p < 0.001

25% 18 4123.44 1874.7 3886.72 432.67 9876.34 1788.93 5673.98

* Mann–Whitney test; SD – standard deviation.
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had a mean level of 328.91 ±99.33 ng/mL, which was mark-
edly lower than in the group with a progressing disease, 
where the values were 3841.95 ±750.79 ng/mL (p < 0.001; 
Table 6). Also, among the patients with disease progres-
sion, the  CgA doubling time was 15.71  ±7.28  months, 
whereas in the group with a stable disease it was consid-
erably shorter: 41.40 ±8.46 months.

Discussion

Advances in the diagnostics and treatment of NENs has 
led to increased interest in these rare tumors. Assessment 
of secretory activity in NENs constitutes an important ele-
ment in the monitoring and assessment of treatment. Our 
study assessed CgA values in patients with carcinoid syn-
drome being treated with SSAs, according to the degree 
of neoplasm histological maturity, the stage of the dis-
ease and the degree of liver involvement from metastatic 
lesions. In the group of patients with G1 tumors (n = 19), 
both the mean and the final CgA values were significantly 
lower than in the G2 group (n = 22). According to the anal-
ysis, the patients with 25% liver involvement had signifi-
cantly higher CgA concentration, for both mean and fi-
nal values, than the patients with 10% liver involvement.

Chromogranin A is a major non-specific biochemical 
marker which can be tested for in the blood as a circulat-
ing tumor marker; its level depends on the type of cells 
and secretory granules. In their meta-analysis, Zatelli et al. 
presented the levels of CgA in a group of 123 patients di-
agnosed with a NEN as the major marker in the moni-
toring of treatment and prognosis. In their conclusions, 
the authors emphasized that CgA values are proportion-
ate to the size of the primary site and the number of me-
tastases in the liver. The specificity of CgA measurements 
is estimated to be 90%, while the sensitivity is 68% relative 
to the severity of the disease.16 Donica et al., who exam-
ined the level of CgA in a group of 41 patients with high-
ly differentiated midgut NENs, reported that the highest 
CgA concentrations were found in patients with carcinoid 

syndrome and numerous metastatic lesions in the liver.17 
Rossi et al., in a study on 91 patients with midgut NENs, 
demonstrated that a marked increase of CgA precedes 
by approx. 6 months a disease progression which is detect-
able with radiography.18 These studies prove that monitor-
ing biochemical markers constitutes an independent prog-
nostic index of the possible disease progression. Similar 
observations have been documented by Cheng et al., where 
an increase in CgA level among 122 patients with NENs 
was associated with later progression in imaging tests.19

The  observations of  Ardill et  al. are also notewor-
thy: they reported that neurokinin A is a more sensitive 
marker for the monitoring of carcinoid syndrome than 
CgA or 5-HIAA.20 In a group of 523 patients with a NEN 
of the small bowel, elevated values of neurokinin A were 
found in as many as 72.6% of cases.

In  the  current study, we  also performed an  analysis 
of CgA measurements depending on the stage of the dis-
ease. Among the patients whose disease was found to be 
progressing during SSA treatment (n  =  21), the  mean 
CgA values were statistically significantly higher than 
in the group with a stable form of the disease. It should 
also be noted that among patients with disease progres-
sion, the CgA doubling time was 15.71 months, where-
as in the group with stable disease, it was considerably 
shorter, amounting to 41.40 months. Similar observations 
were made by Tang et al., in a study determining the risk 
factors of disease progression: the doubling time of CgA 
concentration in patients with midgut NENs is an impor-
tant prognostic element.21 Similar relationships were ob-
served in the assessment of serotonin and 5-HIAA con-
centrations.22 Raoof et al. presented an assessment of CgA 
concentration in patients with non-secreting pancreatic 
NENs as the predictive factor for the decision of whether 
to treat surgically. Patients with lesions measuring less 
than 2 cm in the pancreas and with high CgA levels should 
be treated surgically.23,24 Likewise, Rossi et al. reported 
that levels of CgA circulating in the blood are important 
in the assessment of disease recrudescence and progres-
sion, but considerably less so in differential diagnosis.25

Table 5. Mean chromogranin A (CgA) value [ng/mL] vs stage of disease

Stage of disease
Mean CgA value [ng/mL]

p-value*
n mean SD median min max Q1 Q3

PD 21 1620.78 385.55 1465.06 198.23 3801.5 688.82 2264.51
p < 0.001

StD 20 230.36 106.44 196.78 127.86 587.86 172.12 231.52

* Mann–Whitney test; PD – progressing disease; StD – stable disease; SD – standard deviation.

Table 6. Final chromogranin A (CgA) value [ng/mL] compared to the stage of disease

Stage of disease
Final CgA value [ng/mL]

p-value*
n mean SD median min max Q1 Q3

PD 21 3841.95 750.79 2793.61 432.67 9876.34 1677.42 5673.23
p < 0.001

SD 20 328.91 99.33 293.2 65.43 1010.16 236.02 321.79

* Mann–Whitney test; PD – progressing disease; StD – stable disease; SD – standard deviation.
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It is currently known that the highest CgA values are 
found in NENs of the small bowel, large bowel and pan-
creas. The highest values have been recorded in carcinoid 
syndrome with numerous liver metastases. In these assays, 
the test sensitivity was 85.8% and the specificity 98.5%.26–28 
Oberg and Modlin presented completely new NEN bio-
markers in the form of circulating gene transcriptors, mi-
cro-RNA or the neoplastic cells themselves originating from 
the tumor. The sensitivity and specificity of these measure-
ments is significantly higher than CgA measurement.29–33 
Corsello et al. also presented in their study that the CgA 
1-76 fragment, known as vasostatin 1 (VS-1), is a more sen-
sitive marker independent of the use of proton pump inhibi-
tors (PPIs).34 Somatostatin analogue treatment reduces CgA 
concentrations considerably, particularly in patients with 
carcinoid syndrome, by inhibiting the synthesis and release 
of CgA from tumor cells and not by reducing tumor mass. 
In the case of progressing disease during SSA treatment, el-
evated CgA concentration may reflect a lack of control over 
the tumor secretion activity or growth.35,36 Somatostatin 
analogues demonstrate an antiproliferative action (cytotox-
ic or cytostatic), which exerts a direct inhibiting influence 
on angiogenesis and the induction of apoptosis. Most pa-
tients had abnormal fasting blood glucose levels when us-
ing SSAs. In rare cases, patients developed non-insulin-de-
pendent diabetes. Gallstones and dyspepsia associated with 
a suppression of pancreatic exocrine function are common.

The results of the CLARINET study, which concerned 
the use of lanreotide autogel in NENs, confirmed the antip-
roliferative effect of SSAs. The study involved 204 patients 
with NENs of grades 1 and 2 (Ki-67 < 10%), hormonally 
non-functioning, with the primary site in the pancreas 
(45%), midgut (36%), hindgut (7%), or unknown (13%); 
there was >25% liver involvement in 33% of the patients. 
The two-year treatment with 120 mg of lanreotide auto-
gel every 4 weeks demonstrated no disease progression 
or death in 62% of the treated patients, compared with 22% 
of patients administered a placebo.37

Similar results were obtained in the PROMID study, 
which used octreotide LAR in patients with midgut G1 
neoplasm. In the group of patients administered the drug, 
the  median of  progression-free survival time (PFS) 
was 14.3 months, whereas in  the placebo group it was 
6.2 months. This study found that the use of octreotide 
LAR at a dosage of 30 mg for 18 months led to a lack of dis-
ease progression in 67% of patients.38 Treatment with long-
acting SSAs is the treatment of choice in the case of carci-
noid syndrome symptoms. 

Conclusions

It should be mentioned that despite the fact that CgA 
is not a perfect biomarker, it remains an important element 
in the diagnostics and monitoring of treatment of NEN 
patients.
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Abstract
Background. Respiratory distress syndrome (RDS) is the most common cause of respiratory failure of in-
fants born prematurely with very low birth weight (VLBW). Essential elements of RDS management include 
ventilatory support and endotracheal administration of a surfactant.

Objectives. To assess the effect of volume-targeted compared to pressure-controlled mechanical ventilation 
(MV) on circulatory parameters and cerebral oxygenation StO2 in extremely preterm infants.

Material and methods. This prospective, cross-over trial enrolled neonates born before 28 weeks of ges-
tation. The patients were ventilated for 3 h in pressure-controlled assist-control (PC-AC) mode, followed 
by 3 h of volume-guarantee assist-control ventilation (VG-AC). Pulse oximetry (saturation (SpO2) and heart 
rate (HR)), near-infrared spectroscopy (NIRS), StO2, and electrical cardiometry (EC) were used in monitoring 
of the patients.

Results. Twenty preterm infants with a mean gestational age of 26 weeks were studied. The patients’ mean 
postnatal age was 7.7 days. The SpO2 values and HR were comparable during PC-AC and VG-AC. The mean 
values of peak inspiratory pressure (PIP), mean airway pressure (MAP) and expiratory tidal volume (VTE) 
were lower, while the respiratory rate (RR) was higher during PC-VG. There were no significant differences 
in the mean values of StO2, but based on a comparison of the standard deviations (SD) the StO2 variability 
was significantly lower during VG-AC. The circulatory parameters were comparable.

Conclusions. The StO2 is more stable during VG than PC ventilation. These findings support the use of VG 
mode in premature infants.

Key words: respiratory distress syndrome, volume-targeted ventilation, preterm infant, cerebral oxygenation, 
electrical cardiometry
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Introduction

Respiratory distress syndrome (RDS) is the most common 
cause of respiratory failure in infants born prematurely with 
a very low birth weight (VLBW).1 Its course may also influ-
ence other important complications of prematurity, such 
as intraventricular hemorrhage (IVH) or periventricular 
leukomalacia.2 Essential elements of RDS management in-
clude ventilatory support and endotracheal administration 
of a surfactant.1 The aim of mechanical ventilation (MV) 
is to ensure adequate gas exchange while avoiding lung inju-
ry.3 Neonatal MV can be provided using pressure-controlled 
(PC) or volume-targeted modes (VTV) such as volume-
guarantee (VG), pressure-regulated volume control (PRVC) 
or volume-controlled ventilation (VCV). Historically, PC 
ventilation that directly controls inspiratory pressure used 
to be the standard mode for preterm infants until technol-
ogy advanced enough to allow accurate delivery of small ex-
piratory tidal volumes (VTE) using VTV. A meta-analysis 
conducted in 2017 presented the advantages of VTV over 
PC ventilation in the treatment of acute respiratory fail-
ure of newborns. Its use is associated with a reduced risk 
of death or bronchopulmonary dysplasia (BPD) and a reduc-
tion in the occurrence of pneumothorax, IVH stage III or IV, 
and periventricular leukomalacia.4 According to the Euro-
pean Consensus Guidelines on the Management of RDS 
2019, VTV is the preferred mode of ventilation because 
it enables clinicians to ventilate with less variable VTE and 
to lower the pressure in real time as lung compliance im-
proves.1 Despite the reported benefits and recommenda-
tions, VTV is not used routinely in every neonatal inten-
sive care unit (NICU). One recent study conducted in Italy 
reported that VTV was chosen during the acute phase 
of RDS in only 27% of 113 tertiary NICUs, while in 45% 
of them this mode was only set during the weaning phase.5 
The knowledge of the physiological effects of VTV is incom-
plete; therefore, the aim of this study was to assess the ef-
fects of VG ventilation on circulation and cerebral oxygen-
ation (StO2) in extremely premature infants.

Material and methods

This prospective crossover study was conducted at the De-
partment of Neonatology of Poznan University of Medical 
Sciences, Poland, after approval from the Bioethical Com-
mittee (decision No. 388/16). Premature infants born before 
28 weeks of gestation were enrolled in the study with writ-
ten parental consent when the following criteria were met: 
1) respiratory failure in the course of RDS requiring MV, 
2) stable condition with pH > 7.2 and pCO2 < 60 mm Hg 
in the blood gas analysis, and 3) no identified genetic syn-
dromes or serious congenital malformations.

The study was carried out after initial stabilization when 
no other interventions that could influence the ventilatory 
status had been performed (e.g., surfactant administration, 

rescue high-frequency ventilation, pneumothorax, or sur-
gical treatment). In each newborn, pressure controlled as-
sist-control (PC-AC) ventilation was carried out for 3 h fol-
lowed by AC VG ventilation for 3 h using a Dräger Babylog 
VN500 ventilator (Drägerwerk AG, Lübeck, Germany). 
The VTE was set in the range of 4–6 mL/kg, aiming for 
the values observed during PC ventilation. The FiO2 was 
titrated manually to keep the peripheral oxygen saturation 
(SpO2) in the range of 90–95%.

During the study, StO2 was measured using a near-in-
frared spectroscopy (NIRS) monitor (NONIN SenSmart 
X-100; Nonin Medical Inc., Plymouth, USA) with the pe-
diatric sensor (EQUANOX Advance; Nonin Medical 
Inc.) placed on the patient’s forehead. A pulse oximetry 
module integrated with the NIRS oximeter was used si-
multaneously to assess heart rate (HR) and SpO2 which 
allowed the fractional oxygen extraction to be calculated 
(FOE = (SpO2 − StO2)/SpO2).6

Continuous, non-invasive monitoring of hemodynam-
ic parameters, such as stroke volume (SV), cardiac output 
(CO), stroke index (SI), cardiac index (CI), stroke volume 
variation (SVV), and index of contractility (ICON), was 
performed using electrical cardiometry (EC) with 4 elec-
trocardiography (ECG) electrodes placed on the left side 
of the infant’s body (ICON; Osypka Medical, La Jolla, USA).

The Shapiro–Wilk test, Student’s t-test, and the Wilcox-
on test were used in the statistical analysis (STATISTICA 
v. 12; StatSoft, Inc., Tulsa, USA) with p-values <0.05 con-
sidered significant.

Results

Twenty-five neonates were included in the study. Four pa-
tients had to be excluded due to the poor quality of the re-
cords and 1 due to prenatal exposure to methamphetamine 
(confirmed in the urine test). All patients received surfactant 
replacement therapy after birth. Data from 20 newborns was 
included in the final analysis. The patients’ demographic and 
clinical parameters are presented in Tables 1 and 2.

The expiratory minute volumes (MVE) were comparable 
during PC and VG ventilation. With VG ventilation, mean 
airway pressure (MAP) and peak inspiratory pressure (PIP) 
were significantly reduced, whereas the standard deviation 
(SD) of MAP and PIP were higher in VG mode. A lower 
VTE was delivered at higher respiratory rates (RRs) dur-
ing VG ventilation (Table 3).

No significant differences in mean StO2 values were 
found between PC and VG ventilation (Table 4), though 
the StO2 SD was significantly higher during the PC mode, 
suggesting higher variability (Fig. 1).

The mean values and SD of hemodynamic parameters 
were not significantly different during PC and VG venti-
lation (Table 5). Mean values of HR were similar during 
both modes of ventilation, but there was a trend for low-
er variability of this parameter during the VG ventilation.
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Discussion

The purpose of the study was to investigate the effect 
of VG ventilation on StO2 and cardiac function in extreme-
ly premature infants. We found that while cardiac param-
eters were similar with both modes of ventilation, StO2 was 
more stable during VTV.

The challenging aspects of MV in premature infants 
include the high RR, the low and rapidly changing lung 
compliance, and the very short inspiratory time and small 
VTE in combination with a relatively large gas leakage and 
dead space volume.7 The prevailing influence of volutrau-
ma over barotrauma on the risk of ventilator-induced lung 
injury (VILI) in neonates confirmed in animal models and 
in clinical trials make VTV the preferred “lung-protective” 
strategy of MV.3

The results confirm the beneficial respiratory effects 
of VTV. As in previous studies, VG ventilation provided 

Table 1. Characteristics of the study group

Parameter Mean Median Standard deviation Minimum Maximum

Gestational age [weeks] 25 4/7 25 3/7 1 24 4/7 27 6/7

Body weight [g] 848 803 138 620 1070

Postnatal age [days] 7.7 5.5 5.3 2 21

Surfactant doses 1.6 1 0.7 1 3

Starting FiO2 0.27 0.24 0.08 0.21 0.5

Table 2. Selected perinatal data and complications in the study group

Parameter Value

Age of the mother [years] [mean; range] 30; 19–41

Pregnancy-induced hypertension (n, %) 1; 5%

Prenatal steroids (n, %) 16; 80%

Cesarean section (n, %) 13; 65%

Premature rapture of membranes (n, %) 8; 40%

Early onset sepsis (n, %) 2; 10%

Pneumothorax (n, %) 1; 5%

Pulmonary interstitial emphysema (n, %) 3; 15%

Pulmonary hypertension (n, %) 1; 5%

Bronchopulmonary dysplasia (n, %) 19; 95%

Patent ductus arteriosus requiring treatment (n, %) 11; 55%

Severe intraventricular hemorrhage (grades III–IV) (n, %) 3; 15%

Retinopathy of prematurity requiring treatment (n, %) 9; 45%

Death before discharge (n, %) 2; 10%

Table 3. Ventilation parameters during PC and VG ventilation

Parameter PC VG p-value

RR [1/min]
mean 49 53 <0.02

SD 7.6 10.7 ns

PIP [mbar]
mean 18.3 16.7 <0.0001

SD 2.9 3.2 <0.00001

MAP [mbar]
mean 8.7 8.4 <0.01

SD 1.1 1.3 <0.01

MVE [L/min]
mean 0.25 0.25 ns

SD 0.07 0.08 <0.001

VTE [mL/kg]
mean 6.1 5.8 <0.04

SD 1.2 1.1 <0.0001

RR – respiratory rate; PIP – peak inspiratory pressure; MAP – mean airway pressure; MVE – expiratory minute volume; VTE – expiratory tidal volume; 
SD – standard deviation; ns – not significant.

Table 4. Cerebral oxygenation, peripheral oxygen saturation and fractional oxygen extraction during PC and VG ventilation

Parameter PC VG p-value

StO2 (%)
mean 80.7 80.4 ns

SD 2.7 2.2 p < 0.01

SpO2 (%)
mean 93.7 93.3 ns

SD 2.8 2.6 ns

FOE
mean 0.14 0.14 ns

SD 0.04 0.04 ns

SD – standard deviation; ns – not significant; StO2 – cerebral oxygenation; SpO2 – peripheral oxygen saturation; FOE – fractional oxygen extraction.
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patients with more stable ventilation and lower airway 
pressures (PIP and MAP).8 Lower VT values during VG 
ventilation with an MVE similar to the PC ventilation pe-
riod may explain the increase in RR. The lower variabil-
ity of MVE during VG mode suggests a more balanced 
ventilation.

Continuous measurement of StO2 has been used to iden-
tify newborns with a higher risk of brain damage.9 The StO2 
levels that are either too high or too low have been iden-
tified as risk factors for cerebral injury.10 Our results have 
shown no statistically significant differences between 
the mean values of StO2 and FOE during PC when com-
pared to VG ventilation, which is similar to the findings 
of a small pilot study that compared PC synchronized in-
termittent ventilation (SIMV) with VG SIMV.11 In both 
groups, the mean StO2 was about 80%, which is in the up-
per range of values considered to be normal in the neo-
nate.12 However, we found that the StO2 variability was 
significantly lower during VG ventilation. The more stable 

StO2 during the VTV mode could be attributed to more 
stable ventilation, as CO2 is an important regulator of ce-
rebral blood flow.13,14 The association between CO2 fluc-
tuations and StO2 is well-known in preterm neonates. 
An acute increase in CO2 may result in increased StO2 
with decreased electrical activity, while hypocapnia has 
an opposite effect and increases FOE.15,16 The significantly 
higher variability of StO2 was previously reported in pre-
term infants with RDS when compared to without RDS.2 
Hence, VG ventilation in this group of patients would be 
expected to provide an important “brain-protective” effect 
by better stabilizing the cerebral brain fluid. Data from 
clinical trials and meta-analyses confirm this assumption, 
showing a significantly lower risk of IVH in patients ven-
tilated using VTV modes.17

Mechanical ventilation with VG is thought to facilitate 
a  more constant ventilation-to-perfusion ratio, which 
should translate into improved clinical stability, including 
StO2 as well as hemodynamic parameters. The stable vol-
ume of breath administered with each inspiration causes 
less distension of the lungs, resulting in more constant 
venous return to the left atrium. To our knowledge, this 
is the first study that compared hemodynamic parameters 
between PC and VG modes of MV by the means of EC. 
It is a non-invasive method that evaluates cardiac func-
tion based on modified thoracic electrical bioimpedance. 
The measurement is based on the relationship between 
the change in tissue resistance and blood flow through 
the large arteries.18 This method employs a very low cur-
rent of 2–4 mA and a high frequency of 20–100 Hz, which 
makes it a completely painless and safe method. Numer-
ous comparisons between EC and echocardiography have 
shown a close correlation of the results, even in very pre-
mature newborns.19,20 The selected hemodynamic param-
eters were stable throughout the study and no statistically 
significant differences were found between PC and VG MV. 

Table 5. Hemodynamic parameters during PC and VG ventilation

Parameter PC VG p-value

Heart rate [1/min]
mean 140 145 ns

SD 5.1 4.6 ns

Stroke volume [mL]
mean 1.7 1.6 ns

SD 0.14 0.13 ns

Cardiac output [L/min]
mean 0.24 0.23 ns

SD 0.06 0.06 ns

Index of contractility
mean 115 115 ns

SD 23 18 ns

Stroke index [mL/m2]
mean 19 19.5 ns

SD 1.6 1.7 ns

Cardiac index [L/min/m2]
mean 2.8 2.9 ns

SD 0.4 0.4 ns

Stroke volume variation (%)
mean 14 13 ns

SD 3.8 5.4 ns

Fig. 1. Standard deviation of StO2 during PC and VG ventilation
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However, there was a trend for lower variability of HR dur-
ing VG ventilation. This seems to indicate that VG mode 
does not have equally significant effects on ventilatory and 
circulatory status when PC ventilation is carefully moni-
tored and adjusted.

These results should be interpreted with caution due 
to the limitations of the study, which include the relative-
ly small size of the study group, the limited observation 
time and the lack of transcutaneous blood gas monitoring, 
which could provide additional information on the poten-
tial link between CO2 and StO2 variability.

Our results confirm the beneficial respiratory and ce-
rebral effects of VTV in extremely premature infants. 
The  findings add to  the  existing evidence supporting 
the use of VTV modes of ventilation in a neonatal inten-
sive care setting.
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Abstract
Background. Cleft lip and palate (CLP) is a genetic and environmental malformation of the face. The resulting 
interruption of the tissue in the mouth and nasal cavity undoubtedly impairs basic physiological functions, 
which impacts the quality of life (Qol) of such patients.

Objectives. To assess orofacial dysfunction using the Nordic Orofacial Test-Screening (NOT-S) in a group 
of Polish children with unilateral CLP (UCLP). The following hypotheses were presented: 1) orofacial dysfunc-
tion is more common in children with UCLP and 2) patients with UCLP have a worse QoL than the control 
group.

Material and methods. Seventy children at the age of 7–13 years took part in the study. The inclusion 
criterion was a diagnosis of UCLP. The control group (non-UCLP) was matched by gender and age to the cleft 
group. The research used the NOT-S questionnaire.

Results. In the cleft group, there were statistically significantly more disorders of functions, such as breathing, 
chewing and swallowing, and drooling; in the NOT-S examination, there were more disorders of the face at rest, 
facial expression and speech in the cleft group. Comparing the NOT-S total scores, it was found that in the cleft 
group, there a disorder of at least 1 function was statistically significantly more prevalent than in the control 
group. Likewise, the median results in the cleft group were 3 points higher than in the control group.

Conclusions. Using the NOT-S survey, it was possible to confirm both hypotheses. Orofacial dysfunction 
is more common in children with UCLP and this contributes to a worse QoL for them than for children 
without UCLP.

Key words: quality of life, orthodontics, cleft and lip palate, NOT-S questionnaire
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Introduction

Cleft lip and palate (CLP) is a genetic and environmen-
tal face malformation.1 According to WHO data, it occurs 
once per approx. 1,100 births around the world.2 Facial 
deformities include a disruption of soft and hard tissues, 
and asymmetry. Scientific studies have shown that asym-
metry is present not only in the maxilla, but can also ap-
ply to the orbital, zygomatic and frontal bones.3 Dental 
anomalies among these patients include hypodontia, su-
pernumerary teeth, microdontia, taurodontism, and trans-
position of teeth,4 while occlusal disorders are most often 
cross-bite and class III malocclusion.5

There is no doubt that the abovementioned abnor-
malities affect speech, articulation, chewing, nose func-
tion, and facial appearance.6 In addition, patients with 
CLP significantly suffer from otitis media.7 Speech dis-
orders of people with CLP include delayed speech de-
velopment, articulation disorders and dysphonia. More-
over, in some cases, fluid and food refluxes often occur 
and swallowing is difficult.8 However, it should be noted 
that the negative impact of CLP mainly concerns psy-
chosocial problems.9

The amount of research conducted around the world 
shows that there is an interest in the quality of life (QoL) 
of patients with CLP. Researchers from Brazil have proven 
that the effect of CLP on QoL increases with age.10 Studies 
conducted in Iran showed that the biggest difference com-
pared to the control group was in difficulty pronouncing 
words and that the impact on QoL also concerned the pa-
tients’ families, emphasizing mainly the financial aspect 
and parental stress.11 A survey of CLP patients in the Neth-
erlands, on the other hand, showed that gender does not af-
fect QoL among this group.12 Furthermore, studies in Swit-
zerland involving patients with unilateral CLP (UCLP) 
showed a worse sleep pattern than in patients without 
the disorder; it was emphasized, however, that this is not 
due to CLP, but to psychosocial loads.13

Despite the fact that the QoL of people with cleft lips 
and palates has been studied for many years, there is no 
standardized test for its assessment. As  a  result, re-
searchers evaluate various aspects of life and activities 
in society and use a variety of questions. One such tool 
is the Nordic Orofacial Test-Screening (NOT-S) survey.14 
The NOT-S has been used to assess the QoL of people 
with cleft palates,15 cerebral palsy16 or ectodermal dys-
plasia17 since 2007.

We conducted a survey among the Polish population 
to  study the  QoL of  patients with UCLP in  compari-
son with a control group. This is the first study to use 
the NOT-S questionnaire in Poland.

The following hypotheses were proposed:
1. Orofacial dysfunction is more common in children 

with UCLP.
2. Patients with UCLP have a worse QoL than the con-

trol group.

Material and methods

Material

This study was conducted in  full accordance with 
the World Medical Association Declaration of Helsinki 
and was approved by the Ethics Committee of the Wro-
claw Medical University, Poland.

The cleft group (n = 35) comprised of patients of the De-
partment of Maxillofacial Orthopedics and Orthodontics 
of the Division of Facial Abnormalities at the Wroclaw 
Medical University. The inclusion criteria were a diag-
nosis of UCLP (diagnosis code Q37.1 of the ICD10) and 
an age of 7–13 years. The exclusion criteria were men-
tal retardation, being under 7 or over 13 years of age, and 
missing teeth not related to tooth replacement. The age 
of the cleft group was between 7 and 13 years. Before con-
ducting the study, legal guardians were informed about 
it and were assured about the confidentiality of the data 
of the children.

The control group, without a diagnosis of CLP (n = 35) 
and matched in terms of sex and age to the cleft group, 
were patients of the Division of Maxillofacial Orthope-
dics and Orthodontics at the Wroclaw Medical University.

Methods

The study used the NOT-S survey after it was translated 
into Polish by the researchers. The children were exam-
ined by the same trained examiner according to the same 
protocol. Each survey contained data on age, gender, diag-
nostic code (ICD-10), examination position, and position 
of the head when seated. The interview reflected 6 domains: 
I) sensory function, II) breathing, III) habits, IV) chewing 
and swallowing, V) drooling, and VI) dryness of the mouth. 
The examination contains sections: 1) the face at rest and 
tasks regarding 2) nose breathing, 3)  facial expression, 
4) masticatory muscle and jaw function, 5) oral motor 
function, and 6) speech. Each of these domains contains 
from 1 to 5 components for which the patients’ respons-
es or examination results were recorded: X = yes, 0 = no, 
or (–) = not assessed. If there was 1 or more X answers 
in a section, the researchers placed a score of 1 in the do-
main. The results were recorded at the time the survey was 
conducted on pre-printed NOT-S forms. The total possi-
ble NOT-S score ranges from 0 to 12 points. The higher 
the score, the more severe the orofacial dysfunction and 
the worse the QoL.

Statistical analysis

Statistical analysis was performed using STATISTICA 
v. 13 (StatSoft Inc., Tulsa, USA). For measurable variables, 
the mean, median (Me), upper and lower quartile, and 
range of variability (extreme values – minimum (Min) 
and maximum (Max)) were calculated. The  frequency 
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of  occurrence (percent) was calculated for qualitative 
variables. All quantitative variables were checked with 
the Shapiro–Wilk test to determine the type of distribu-
tion. The qualitative variables between groups (cleft com-
pared to the control) were compared using the two-tailed 
Fisher’s exact test. The quantitative variables between 
groups were compared using the Mann–Whitney U test. 
The level of α = 0.05 was used for all comparisons.

Results

Table 1 presents a comparison of the frequency of a par-
ticular function based on the NOT-S between the cleft 
group (n = 35) and the control group (n = 35). The 1st 
part presents the  results from the  6  sections assessed 
with NOT-S interviews: sensory functions, breathing, 
habits, chewing and swallowing, drooling, and dryness 

of the mouth. The 2nd part contains the results from the 6 
NOT-S examination sections: face at rest, nose breathing, 
facial expression, masticatory muscle and jaw function, 
oral motor function, and speech. The 3rd part is the sum-
mary of the entire test (NOT-S total score).

In the NOT-S interview, it was observed that disorders 
of functions such as breathing, drooling, chewing, and 
swallowing were statistically significantly more prevalent 
in the cleft group. In the cleft group, breathing disorders 
were found in almost 46% (n = 16) of the study participants, 
while in the control group, this figure was 11.4 (n = 4; 
p = 0.003). Disorders of the next 2 functions were also 
more common in the cleft group: disorders of chewing and 
swallowing function were noted in 51.4% of patients (n = 18 
compared to the control group: 8.6%; n = 3; p < 0.001), 
and drooling in 25.7% (n = 9 compared to  the control 
group: 2.9%; n = 1; p = 0.013). In addition, the summa-
ries of the interview part were compared. The number 

Table 1. Comparison of the frequency of selected function disorders based on NOT-S between the cleft group and the control group

Nordic Orofacial Test
Cleft group (n = 35) Control group (n = 35)

p-value*
n % n %

I. NOT-S interview

Sensory function
0
1

32
3

91.4
8.6

35
–

100
–

0.23

Breathing
0
1

19
16

54.3
45.7

31
4

88.6
11.4

0.003

Habits
0
1

17
18

48.6
51.4

25
10

71.4
28.6

0.087

Chewing and swallowing
0
1

17
18

48.6
51.4

32
3

91.4
8.6

<0.001

Drooling
0
1

26
9

74.3
25.7

34
1

97.1
2.9

0.013

Dryness of the mouth
0
1

25
10

71.4
28.6

32
3

91.4
8.6

0.062

NOT-S interview – total score
0

≥1
2

33
5.7

94.3
16
19

45.7
54.3

<0.001

II. NOT-S examination

Face at rest
0
1

12
23

34.3
65.7

31
4

88.6
11.4

<0.001

Nose breathing
0
1

32
3

91.4
8.6

35
–

100
–

0.24

Facial expression
0
1

5
30

14.3
85.7

34
1

97.1
2.9

<0.001

Masticatory muscle and jaw function
0
1

33
2

94.3
5.7

35
–

100
–

0.49

Oral motor function
0
1

33
2

94.3
5.7

35
–

100
–

0.49

Speech
0
1

10
25

28.6
71.4

32
3

91.4
8.6

<0.001

NOT-S examination – total score
0

≥1
0

35
0

100
27
8

77.1
22.9

<0.001

III. NOT-S – Total score

Total score
0

≥1
0

35
0

100
11
24

31.4
68.6

<0.001

NOT-S – Nordic Orofacial Test-Screening; 0 – non-affected; 1 – affected; n – number of participants; *two-tailed Fisher’s exact test.
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of participants with a disorder of at least 1 function was 
also listed. There was a disorder of at least 1 function sta-
tistically significantly more often in the cleft group than 
in the control group (94.3% compared to 54.3%; p < 0.001).

In  the  NOT-S examination, it  was observed that 
in the cleft group, there were statistically significantly 
more disorders of functions such as face at rest, facial ex-
pression and speech. In the cleft group, facial disorders 
at rest were found in almost 66% (n = 23) of the study par-
ticipants, while in the control group, it was 11.4% (n = 4; 
p < 0.001). Disorders of the 2 other functions were also 
more common in  participants from the  cleft group. 
In the cleft group, facial expression disorders occurred 
in 85.7% (n = 30 compared to the control group: 2.9%; 
n = 1; p < 0.001) and speech disorders in 71.4% (n = 25 
compared to the control group: 8.6%; n = 3; p < 0.001). 
In addition, the summary results of the NOT-S examina-
tion were also compared. In the cleft group, there were 
statistically significantly more disorders of at least 1 func-
tion than in the control group (100% compared to 22.9%; 
p < 0.001).Comparing the total score, it was also found 
that in the cleft group there were statistically significant-
ly more disorders of at least 1 function than in the control 
group (100% compared to 68.6%; p < 0.001).

A comparison of  the  results of  the  NOT-S between 
the cleft group (n = 35) and the control group (n = 35) 
is presented in Table 2. The summary of the NOT-S in-
terview results, the NOT-S examination and the NOT-S 
total score showed statistically significantly higher values 
in the cleft group than in the control group. In the cleft 
group, the Me of the NOT-S interview scores was 2 points, 
the Min was 0 points and the Max was 5 points (compared 
to the control group: Me = 1 point, Min = 0, Max = 2; 
p < 0.001). The Me in the NOT-S examination total score 
was 2 points, (Min = 1, Max = 4; compared to the control 
group: Me = 0; p < 0.001). Comparing the NOT-S total 
score, it was also found that Me values in the cleft group 
were 3 points higher than in the control group (p < 0.001).

Discussion

This is the first study among the Polish population to use 
the NOT-S questionnaire. The questionnaire was con
ducted to assess orofacial dysfunction in children with 

UCLP in comparison with the control group. Both hypoth-
eses have been confirmed.

Disorders in the cleft group mainly concerned breath-
ing, chewing and swallowing, drooling, face at rest, fa-
cial expression, and speech. These results are consistent 
with data published by Hairfield et al.,18 who showed that 
people with UCLP statistically more often have respira-
tory problems. This may be directly due to the narrow-
ing of the upper respiratory tract within the nasal cavity 
among patients with UCLP.19 However, it is worth empha-
sizing that the paranasal sinuses remain well-developed.20 
Respiratory plethysmography in combination with an in-
tegrated pneumotachograph, to measure the percentage 
of nasal breathing, and a flow pressure test showed that 
most people had less than 0.4 cm2 of airway, which is less 
than normal.21

Chewing and swallowing disorders affect 51.4% 
of the cleft group (n = 18; compared to the control group: 
8.6%; n = 3; p < 0.001). Using a chewable test material, 
the particle size of the crushed food was determined in pa-
tients with UCLP; it was found to be larger in the cleft group 
than the control group. Likewise, the number of chew-
ing cycles needed to crush the material was greater.22 
It is worth emphasizing that the orbicularis oris muscle 
tension measured with an electromyograph23 was high-
er in the group of patients with UCLP than in the control 
group while swallowing and at rest.

On  the  other hand, the  results regarding dryness 
of the mouth show that in the group with UCLP the prob-
lem was not statistically significantly more frequent. This 
confirms a study published in 2008,24 in which sialome-
ters and sialochemistry were used to assess these patients. 
There were no differences in the abovementioned param-
eters between patients with UCLP and those in the con-
trol group. Interestingly, cortisol25 concentration in the sa-
liva of UCLP patients was also checked as an expression 
of  stress response to  determine health-related quality 
of life (HRQoL). There was no difference in salivary cor-
tisol levels between the patient and control groups. No 
correlation between cortisol concentration and HRQoL 
was confirmed.

In  the  NOT-S examination, facial disorders at  rest 
affected 66% (n = 23) of patients, while in  the control 
group, this figure was 11.4% (n = 4; p < 0.001). It has been 
shown that the face of patients with CLP is perceived more 

Table 2. Comparison of the total results of NOT-S between the cleft group and the control group

Nordic Orofacial Test
Cleft group (n = 35) Control group (n = 35)

p-value*
Me Q1 Q3 Min Max Me Q1 Q3 Min Max

NOT-S interview – total score 2 1 3 0 5 1 0 1 0 2 <0.001

NOT-S examination – total score 2 2 3 1 4 0 0 0 0 1 <0.001

NOT-S – Total score 4 4 5 2 8 1 0 1 0 2 <0.001

NOT-S – Nordic Orofacial Test-Screening; Me – median; Q1 – lower quartile; Q3 – upper quartile; Min – minimum value; Max – maximum value; 
*Mann–Whitney U test.
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negatively than that of people without the disorder. More-
over, observation of the nose and mouth area in these peo-
ple lasts longer. It has also been shown that patients with 
CLP looking at other people with CLP spend more time 
looking at the nose and less time looking at the eyes than 
people without CLP.26 It should also be emphasized that 
the intensity of asymmetry increases with a maximum 
smile.27 Based on scientific reports, presurgical nasal mold-
ing improves the esthetics of the nose in patients with uni-
lateral clefts of the lip, alveolus and palate, and distinctly 
flattens nasal wings.28

Patients with CLP undergo surgery due to  the  lack 
of tissue continuity. However, despite a significant im-
provement in facial symmetry after surgery, 4 years after 
surgery the remaining asymmetry is more visible: the phil-
trum of the upper lip is deviated toward the scar tissue 
on the cleft side, and the asymmetry of the nose is signif-
icantly worse.29 The effects of secondary osteotomy were 
also compared. No significant influence was demonstrated 
on craniofacial growth in children with UCLP.30

Considering the aspects discussed above, it  is under-
standable that they affect the QoL of patients with UCLP, 
which was confirmed in our study.

Conclusions

The NOT-S survey is an effective tool for assessing dis-
orders in patients with UCLP. It has been shown that pa-
tients with UCLP have more orofacial dysfunctions and 
worse QoL compared to the control group. Orofacial func-
tion areas and treatment outcomes need to be continually 
evaluated and monitored.
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Abstract
Background. Breast cancer has the highest incidence and mortality among all cancers in women. Paclitaxel 
(PTX) has a notable therapeutic effect on cancer in clinical practice.

Objectives. To explore the effect and mechanism of PTX on the proliferation, apoptosis and invasiveness 
of breast cancer cells.

Material and methods. MCF-7 cells were treated with PTX (0 μM, 0.01 μM, 0.1 μM, 1 μM) for 48 h. Cell 
viability was detected using MTT assay and lactate dehydrogenase (LDH) assay; the cell proliferation rate 
was detected using 5-ethynyl-2’-deoxyuridine (EdU) assay to screen the most effective concentration of PTX. 
MCF-7 cells were then divided into 5 groups: control group, PTX group, oe-PI3K group, NC-PI3K group, and 
oe-PI3K+PTX group. Cell apoptosis and cell cycles were detected with flow cytometry; cell invasion was 
determined using a transwell assay; western blot and quantitative reverse-transcription polymerase chain 
reaction (qRT-PCR) were used to measure the mRNA and protein expression level of cleaved caspase-3, Bax, 
Bcl-2, matrix metalloproteinase 9 (MMP-9), vascular endothelial growth factor (VEGF), p-AKT (Thr308), 
and p-AKT (Ser473).

Results. Paclitaxel inhibited cell viability and proliferation in a dose-dependent manner. In the PTX group, 
the apoptosis rate, the number of cells arrested in the G2/M phase and the expression levels of Cleaved cas-
pase-3 and Bax were increased, but the number of invasive cells and the expression levels of Bcl-2, MMP-9, 
vascular endothelial growth factor (VEGF), p-AKT (Thr308), and p-AKT (Ser473) were decreased. However, 
PI3K upregulation can reverse the effects of PTX.

Conclusions. Paclitaxel could inhibit MCF-7 cell proliferation and invasion, and promote MCF-7 cell apoptosis 
by downregulating the expression of p-AKT (Thr308) and p-AKT (Ser473) in the PI3K/AKT signaling pathway.

Key words: apoptosis, breast cancer, proliferation, paclitaxel, PI3K/AKt signaling pathway
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Introduction

Breast cancer is the most common gynecological can-
cer, with the highest mortality rate. More than 1.5 million 
women are diagnosed with breast cancer each year world-
wide, and this number is rising.1,2 The common classifica-
tion of breast cancer is based on the expression of estrogen 
receptor (ER), progesterone receptor (PR) and human epi-
dermal growth factor receptor (HER2).3 There are many 
factors affecting the prevalence of breast cancer, includ-
ing family history, age, smoking and drinking, early amen-
orrhea, delayed menarche, obesity, and high-fat diet; oral 
contraceptives or other exogenous estrogens can also in-
crease the incidence of breast cancer.4–6 It is a highly het-
erogeneous disease – its clinical characteristics and bio-
logical behavior vary widely among patients; therefore, 
survival also varies from person to person.7 At present, 
radiotherapy and chemotherapy are the main methods 
of inhibiting the growth of breast cancer in order to pro-
long survival. However, the outcomes of current treat-
ment regimens are often unsatisfactory due to recurrences 
of the disease caused by chemotherapy drug resistance.8–10 
Therefore, fully understanding the mechanism of action 
of chemotherapy drugs may help improve the therapeutic 
outcome of breast cancer.

Paclitaxel (PTX) is a common chemotherapy drug that 
is widely used in clinical practice due to its remarkable 
therapeutic effect.11 It can hinder cell mitosis by main-
taining tubulin stability.12 Paclitaxel can be used alone 
or in combination with other drugs to treat a variety of ma-
lignancies, including cervical cancer, head and neck can-
cers, and lung cancer.13–17 Paclitaxel is also the first-line 
chemotherapy for breast cancer.18

PI3K/AKT is one of the most frequently activated sig-
naling pathways in cancer, which regulates cell prolifera-
tion and invasion by targeting multiple proteins.19 It has 
been reported that activation of the PI3K/AKT pathway 
can promote growth, invasion and metastasis of breast 
cancer cells.20

However, the  relationship between PTX and 
the PI3K/AKT signaling pathway, and the mechanism 
of  their interaction in  the  treatment of  breast cancer 
have not been elucidated. Therefore, this study explored 
the relationship between PTX and the PI3K/AKT signal-
ing pathway, with the hope of providing more insights for 
improving the therapeutic outcome of PTX in breast can-
cer patients.

Material and methods

Cell culture and transfection

Human breast cancer cell lines MCF-7, BT-549, MDA-
MB-231, and T47D, and immortalized human mamma-
ry epithelial cell line MCF-10A were purchased from 

the Shanghai Cell Bank of the Chinese Academy of Sci-
ences (Beijing, China). The cells were cultured in mini-
mal essential medium (MEM) containing 10% fetal bo-
vine serum (FBS) and 100 IU/mL penicillin in 5% CO2 
at 37°C. The PI3K overexpression plasmid pcDNA3.1-PI3K 
and the negative control plasmid pcDNA3.1-NC were pur-
chased from Vigene Biosciences Inc. (Jinan, China). Trans-
fection was performed using a lipofectamin 2000 kit (In-
vitrogen, Carlsbad, USA). Briefly, 250 μL of Opti-MEM 
(Gibco, Thermo Fisher Scientific, Waltham, USA) was used 
to dilute 4 μg of the desired plasmid and 10 μL of Lipofecta-
min 2000. The plasmid and Lipofectamin 2000 were al-
lowed to stand at room temperature for 5 min before being 
gently mixed together. The mixture was allowed to stand 
for 20 min and then was added dropwise to the MCF-7 cell 
culture plate. The plate was gently shaken and put in an in-
cubator for 6 h before the medium was changed. Cells were 
harvested at 48 h after transfection for later use.

MTT assay

When the MCF-7cells reached 80–90% confluency, cells 
were digested and seeded into 96-well plates. The cells 
were treated with gradient concentrations of PTX for 48 h. 
After the medium was gently removed, 100 μL medium 
containing 10% MTT solution (Solarbio Science & Tech-
nology Inc., Beijing, China) was added. After 4 h, the su-
pernatant was discarded; 110 μL of dimethyl sulfoxide 
(DMSO) was then added to dissolve the crystal precipitate, 
and the absorbance value (optical density – OD) of each 
well at a wavelength of 490 nm was obtained using a mi-
croplate reader. Each group had 3 duplicate wells.

Lactate dehydrogenase cytotoxicity assay

The cell treatment was as described for the MTT assay 
(above). Cell culture medium was used as a blank con-
trol. Untreated MCF-7 cells were used as a spontaneous 
release control. Normal MCF-7 cells treated with Triton 
X-100 (Sigma-Aldrich, St. Louis, USA) were used as a max-
imum release control. In accordance with the instructions 
of the lactate dehydrogenase (LDH) cytotoxicity kit (Beyo-
time Biotechnology, Shanghai, China), 120 μL of superna-
tant from each well was collected and transferred to a new 
96-well plate. Then 60 μL of LDH working reaction mix-
ture was added to each well and incubated in the dark 
at room temperature for 30 min. The absorbance of each 
well was measured at a wavelength of 490 nm. Each sample 
had 3 replicate wells. For each test sample the cytotoxicity 
(%) = (experimental value – spontaneous release)/(maxi-
mum release – spontaneous release) × 100%.

EdU cell proliferation assay

The ×2 EdU working solution was made by diluting 
10 μM of EdU (Beyotime) with MEM medium (1:500) and 
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warmed to 37°C. An equal volume of ×2 EdU working so-
lution was added to each well and the plate was incubated 
at room temperature for 2 h, washed with PBS and fixed 
with 4% paraformaldehyde for 15 min. The plates were 
then washed twice with PBS containing 3% bovine se-
rum albumin (BSA) to remove the permeabilization so-
lution. Click-iT® cell buffer additive solution (Thermo 
Fisher Scientific) was added and each plate was incubat-
ed at room temperature for 30 min in the dark. Hoechst 
33342 reaction solution was added, and the plates were 
incubated at room temperature for 10 min in the dark. 
The plates were washed 3 times before being observed un-
der CKX53 inverted fluorescence microscope (Olympus, 
Tokyo, Japan). The red fluorescence was counted as pro-
liferating cells, and the blue fluorescence showed nuclei. 
We chose 3 random ×200 fields to count the proliferating 
cells with nuclei. The cell proliferation rate = the number 
of proliferating cells/total cell number × 100%.

Flow cytometry

Cell apoptosis

A cell apoptosis detection kit was purchased from Be-
yotime. Cells in each group were harvested and resus-
pended with PBS. A cell suspension containing 104 cells 
was centrifuged and resuspended using working buffer. 
Then a staining solution was made by mixing Annexin 
V-FITC (Beyotime) and propidium iodide (PI) at a ratio 
of 1:2. The cells were mixed with the staining solution and 
incubated at room temperature for 20 min. Cell apopto-
sis was measured in a flow cytometer; the experiment was 
repeated 3 times.

Cell cycle

A cell cycle detection kit was purchased from Beyotime. 
Cells were harvested, fixed with 1 mL of pre-cooled 75% 
ethanol (−20°C) and stored overnight at 4°C. The PI stain-
ing solution, staining buffer and Rnase A were made ac-
cording to the instruction manual. The cells were washed 
twice with pre-cooled PBS, resuspended with PI staining 
solution and incubated at 37°C for 30 min. The cell cy-
cle was then detected using flow cytometry in the dark 
at 4°C. The experiment was repeated 3 times.

Transwell invasion assay

Cells were starved for 12 h before the invasion assay. 
A 24-well plate with 8 μm Transwell inserts (Corning Inc., 
Corning, USA) was used in this experiment; each group 
had 3 replicate inserts. The upper surface of each insert 
was coated with 50 μL of Matrigel (Sigma-Aldrich) and air-
dried at 4°C. We added 200 μL of cell suspension to the up-
per chamber at a density of 1 × 105 cells/mL, and 500 μL 
of Dulbecco’s modified Eagle’s medium (DMEM) medium 

containing 10% bovine serum to the lower chamber. After 
48 h, the inserts were taken out and the cells on the inserts 
were fixed with 4% paraformaldehyde for 30 min. Then 
the insert was placed in 0.2% Triton X-100 for 15 min and 
stained with 0.05% gentian violet for 5 min. We selected 
5 random fields to count the number of transmembrane 
cells under an inverted microscope. The assay was repeat-
ed 3 times.

Western blot

Cells were harvested and resuspended with RIPA lysis 
buffer (Beyotime) containing phenylmethylsulfonyl fluo-
ride (PMSF) and protein phosphatase inhibitors. The mix-
ture was incubated on ice for 30 min, and then centri-
fuged at 12,000 rpm for 10 min at 4°C. The supernatant 
was collected as total cell protein. The protein concentra-
tion was determined using the BCA Protein Quantitation 
Kit (Thermo Fisher Scientific). A total of 20 μg of the pro-
tein in each sample was subjected to SDS-PAGE, and then 
the protein was wet transferred to a nitrocellulose (NC) 
membrane. The membrane was blocked with 5% BSA for 
90 min and incubated with rabbit primary antibodies, 
including 1:1000 anti-AKT (Cell Signalling Technology 
(CST) Inc., Danvers, USA), 1:1000 anti-p-AKT (Ser473) 
(CST), 1:1000 anti-p-AKT(Thr308) (CST), 1:1000 anti-
matrix metalloproteinase 9 (anti-MMP-9) (Proteintech 
Group Inc., Rosemont, USA), 1:1000 anti-vascular endo-
thelial growth factor (anti-VEGF) (Proteintech Group Inc.), 
1:1000 anti-cleaved caspase-3 (CST), 1:1000 Bax (CST), 
1:10,000 anti- glyceraldehyde-3-phosphate dehydroge-
nase (anti-GAPDH) (Abcam, Cambridge, UK), and 1:2000 
mouse primary antibody anti-Bcl-2 (CST) at 4°C overnight. 
The membrane was rinsed 3 times with Tris-buffered sa-
line with Tween 20 (TBST) for 10 min each time. Then 
the membrane was incubated with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit or goat anti-mouse an-
tibody (1:10,000; Jackson Immunoresearch Laboratories 
Inc., West Grove, USA) at room temperature for 90 min. 
The membrane was rinsed 3 times with TBST for 15 min 
each time, then developed using ECL solution and photo-
graphed using a SmartView Pro 2000 imager system (Ma-
jor Science, Saratoga, USA). Relative protein expression 
was calculated using ImageJ software (National Institutes 
of Health (NIH), Bethesda, USA) with GAPDH as an inter-
nal reference. Relative protein expression = the grey val-
ue of each sample/the grey value of the internal reference.

qRT-PCR

Total RNAs were extracted from cells using Trizol (In-
vitrogen) and quantified using Nanodrop 2000 (Thermo 
Fisher Scientific). A PrimeScript™ RT reagent kit with 
gDNA Eraser (TaKaRa Bio Inc., Kusatsu, Japan) was used 
for reverse transcription following the manufacturer’s 
instructions. The reaction mixture was prepared using 
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a SYBR® Premix Ex Taq™ kit (TaKaRa Bio Inc.), and quan-
titative reverse-transcription polymerase chain reaction 
(qRT-PCR) was performed using an ABI7500 PCR sys-
tem (Thermo Fisher Scientific). The reaction condition 
was as follows: pre-denaturation at 95°C for 10 min, de-
naturation at 95°C for 15 s and annealing at 60°C for 30 s; 
this cycle was repeated 40 times followed by extension 
at 72°C for 1 min. Relative expression was calculated us-
ing the formula:

ΔΔCt = (Ct target gene − Ct GAPDH) − (Ct control group − Ct 
GAPDH)

with GAPDH as the internal reference. All the prim-
ers (Genepharma, Shanghai, China) are listed in Table 1.

Statistical analysis

All data was analyzed with SPSS v. 21.0 software (IBM 
Corp., Armonk, USA). Quantitative values were expressed 
as mean ± standard deviation (SD). A one-way analysis 
of variance (ANOVA) followed by  the Bonferroni post 
hoc test was used to compare the differences between 
groups. A p-value less than 0.05 was considered statisti-
cally significant.

Results

Expression of the PI3K/AKT signaling 
pathway-related protein p-AKT in breast 
cancer cell lines

The expression of PI3K/AKT signaling pathway-related 
protein p-AKT/AKT in the MCF-7, BT-549, MDA-MB-231, 
T47D, and MCF-10A cell lines was detected with western 
blot (Fig. 1A). The results showed that p-AKT (Thr308) 
and p-AKT (Ser473) were most significantly expressed 
in the MCF-7 cell line compared with MCF-10A (p < 0.05). 
Therefore, the MCF-7 cell line was used for the subsequent 
experiments.

Effects of different concentrations of PTX 
on the viability of MCF-7 cells

The MCF-7 cells were treated with different concentra-
tions of PTX for 48 h, and cell viability was measured us-
ing MTT assay (Fig. 2A). The results showed that cell via-
bility decreased significantly as the concentration of PTX 
increased (p < 0.05). When the PTX concentration reached 
1 μM, cell viability was 50%. The LDH cytotoxicity assay 
showed that cell death increased significantly as the PTX 
concentration increased (p < 0.05). When the PTX concen-
tration was 1 μM, cell mortality was about 40% (Fig. 2B).

Fig. 1. Expression levels of the PI3K/AKT signaling pathway-related proteins in various cell lines. A. Expression of p-AKT (Thr308) and p-AKT (Ser473) detected 
with western blot in cell lines. B. Quantification of the western blot results

*p < 0.05, compared with the MCF-10A cell line.

Table 1. qRT-PCR primer sequences

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

MMP-9 AGACACCTCTGCCCTCACCATGAGC TCTGTGGAGACGGGAGTGGTACTCG

VEGF CGGTGCTGGAATTGATA GGCGGTGTCTGTCTGTCT

GAPDH GGGTGTGAACCATGAGAAGTATG GATGGCATGGACTGTGGTCAT

VEGF – vascular endothelial growth factor; MMP-9 – matrix metallopeptidase 9; GAPDH – glyceraldehyde-3-phosphate dehydrogenase.
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Effects of different concentrations  
of PTX on the proliferation of MCF-7

Cell proliferation at different concentrations of PTX was 
measured using EdU assay (Fig. 3). The results showed 
that cell proliferation was inhibited by PTX in a dose-de-
pendent manner. Cell proliferation was significantly de-
creased as the concertation of PTX increased (p < 0.05). 
Therefore, PTX at the concentration of 1 μM was used for 
the subsequent experiments.

Comparison of cell apoptosis  
and cell cycle after PI3K overexpression 
and PTX treatment

Based on the results outlined above, MCF-7 cells were 
selected and divided into 5 groups in  the  subsequent 
experiments: the  control group (normal MCF-7 cells); 
the PTX group (treated with 1 μM of PTX); the oe-PI3K 
group (transfected with PI3K overexpression plasmid 

pcDNA3.1-PI3K); the NC-PI3K group (transfected with 
the  negative control of  pcDNA3.1-PI3K); and the  oe-
PI3K+PTX group (transfected with pcDNA3.1-PI3K and 
treated with 1 μM of PTX).

Apoptosis and cell cycles were detected using flow cy-
tometry (Fig. 4A,B). Compared with the control group, 
the NC-PI3K group had similar results, while the PTX 
group had a significantly higher cell apoptosis rate and 
a significantly higher number of cells in the G2/M phase 
(p < 0.05). Compared with the PTX group, the cell apopto-
sis rate in the oe-PI3K group was significantly decreased, 
but the number of cells in the G2/M phase was increased 
(p < 0.05). In the oe-PI3K+PTX group, the cell behaviors 
in the PTX group were partly reversed (p < 0.05).

The expression levels of the apoptosis-related proteins 
Bax, Bcl-2 and cleaved caspase-3 were detected using west-
ern blot in MCF-7 cells (Fig. 4C). Compared with the con-
trol group, the NC-PI3K group had similar results, while 
the expression levels of Bax and cleaved caspase-3 were 
upregulated in the PTX group; however, the expression 

Fig. 3. Effects of different concentrations of PTX on the proliferation of MCF-7 cells. A. Cell proliferation detected with EdU proliferation assay. B. Percentage 
of EdU positive cells

*p < 0.05, compared with cells without PTX treatment.

Fig. 2. Effects of different concentrations of PTX on the viability of MCF-7 cells. A. Cell viability detected with MTT assay. B. Cell death detected with LDH 
cytotoxicity assay

*p < 0.05, compared with when the PTX concentration is 0 μM.
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level of Bcl-2 was decreased in the PTX group (p < 0.05). 
The expression levels of these proteins showed opposite 
trends in the oe-PI3K group when compared with the PTX 
group (p < 0.05). In the oe-PI3K+PTX group, the expres-
sion levels of related proteins in the PTX group was partly 
reversed (all p < 0.05).

Comparison of cell invasion after PI3K 
overexpression and PTX treatment

The invasive ability of MCF-7 cells in each group was de-
tected with a Transwell invasion assay (Fig. 5A). The qRT-
PCR and western blot were used to detect mRNA and 

Fig. 4. Detection of apoptosis rate and cell-cycle distribution after PI3K overexpression and PTX treatment in MCF-7 cells. A. Cell apoptosis rate detected 
with flow cytometry. B. Cell-cycle distribution detected with flow cytometry. C. Expression level of apoptosis-related proteins detected with western blot

*p < 0.05 compared with the control group; #p < 0.05 compared with the PTX group; $p < 0.05 compared with the NC-PI3K group; &p < 0.05 compared with 
the oe-PI3K group.
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protein expression levels of cell invasion-related factors 
MMP-9 and VEGF (Fig. 5B).

The control group and the NC-PI3K group had similar 
results, while the PTX group had significantly decreased 
cell invasion ability and lower MMP-9 and VEGF expres-
sion levels (p < 0.05). However, the oe-PI3K group had 
significantly increased cell invasion ability and higher 
MMP-9 and VEGF expression levels when compared with 
the PTX group (p < 0.05). In the oe-PI3K+PTX group, 
the cell behaviors and the expression levels of related pro-
teins in the PTX group were partly reversed (all p < 0.05).

Paclitaxel inhibited activation  
of the PI3K/AKT signaling pathway  
in MCF-7 breast cancer cells

Western blot was used to  detect the  expression 
of PI3K/AKT signaling pathway-related protein p-AKT 
in each group (Fig. 6). Compared with the control group, 
the  expression levels of  p-AKT (Thr308) and p-AKT 
(Ser473) were significantly downregulated in  the PTX 
group, but significantly upregulated in the oe-PI3K group 
(all p < 0.05). Compared with the PTX group, the ex-
pression of p-AKT (Thr308) and p-AKT (Ser473) was 

significantly upregulated in the oe-PI3K+PTX group (both 
p < 0.05). Compared with the oe-PI3K group, the p-AKT 
(Thr308) and p-AKT (Ser473) expression levels were sig-
nificantly downregulated in the oe-PI3K+PTX group (both 
p < 0.05).

Discussion

Currently, chemotherapy is the mainstream treatment 
for breast cancer, and PTX has been widely used as a first-
line treatment.21 This study confirmed the in vitro thera-
peutic effect of PTX on breast cancer. At the same time, 
we conducted a preliminary exploration of the underly-
ing mechanism, and found that PTX can inhibit the pro-
liferation of breast cancer cells by inhibiting the activation 
of the PI3K/AKT pathway.

Our study found that PTX could decrease the activity 
of breast cancer cells and inhibit proliferation in a dose-
dependent manner. Paclitaxel has been shown to inhibit 
the development of a variety of cancer cells, including oral 
squamous cell carcinoma and breast cancer cells.22,23 Mean-
while, we also found that PTX can induce cell-cycle arrest 
and promote apoptosis by regulating the expression level 

Fig. 5. Invasion assay after PI3K overexpression and PTX treatment in MCF-7 cells. A. Transwell invasion assay and transmembrane cell count. B. mRNA 
expression level of MMP-9 and VEGF detected with qRT-PCR. C. Protein expression level of MMP-9 and VEGF detected with western blot

*p < 0.05 compared with the control group; #p < 0.05 compared with the PTX group; $p < 0.05 compared with the NC-PI3K group; &p < 0.05 compared with 
the oe-PI3K group.
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of Bax, cleaved caspase-3 and Bcl-2. Kumari et al. discov-
ered that coralyne and PTX have a synergistic effect on en-
hancing apoptosis in MDA-MB-231 cell line by arresting 
cells in the G1/S phase, inducing DNA fragmentation and 
changing the mitochondria membrane potential.24 Bax, 
cleaved caspase-3 and Bcl-2 are all apoptosis-related pro-
teins that have a great impact on the development of many 
diseases. caspase-3 and Bax are common pro-apoptotic 
proteins, while Bcl-2 is an anti-apoptotic protein25,26; Bcl-2 
regulates mitochondrial membrane permeability, while 
Bax destroys mitochondrial outer membranes to promote 
apoptosis.27,28 The results of our study are consistent with 
the studies mentioned above, indicating that PTX could 
exert its therapeutic effect by inhibiting the proliferation 
of breast cancer cells and promoting their apoptosis.

In addition, PTX could also reduce the invasive ability 
of breast cancer cells, and the expression of invasion-re-
lated proteins MMP-9 and VEGF was inhibited in a dose-
dependent manner. Ismail et al. also found that PTX in-
hibited breast cancer cell invasion through the  DJ-1/
KLF17 signaling pathway.29 The VEGF is an angiogen-
ic protein that strongly promotes mitosis of vascular en-
dothelial cells and is an important angiogenic cytokine. 
Miller et al. confirmed that VEGF was an important fac-
tor in the development and progression of breast can-
cer, and its overexpression could increase the resistance 
of breast cancer cells to PTX.30 The MMP-9 is a zinc-
containing enzyme that participates in the regulation 
of  the  tumor microenvironment.31 Jiang et al. report-
ed that PTX reduced MMP-9 expression and inhibited 
cell proliferation in ovarian cancer cells.32 The results 
of our study are consistent with these studies. Therefore, 
we confirmed the inhibitory effect of PTX on the inva-
sion of breast cancer cells.

To further investigate the mechanism of PTX in the 
treatment of breast cancer, we examined the expression 
of p-AKT, which is a member of the PI3K/AKT signal-
ing pathway. The PI3K/AKT signaling pathway has been 
shown to be critical for cell growth and survival.33 Acti-
vation of the PI3K/AKT pathway could lead to increased 
proliferation and metastasis of various malignancies, in-
cluding non-small cell lung cancer, ovarian cancer and 
gastric cancer.34–36 Similarly, in breast cancer, inhibition 
of the PI3K/AKT signaling pathway could decrease cell 
proliferation and resistance to chemotherapeutic drugs.37,38 
We found that the p-AKT (Thr308) and p-AKT (Ser473) 
expression levels in breast cancer cells were significantly 
reduced after PTX treatment. Moreover, after PI3K over-
expression, the inhibitory effect of PTX on the growth 
of breast cancer cells was partly reversed. All these find-
ings suggested that PTX could inhibit the proliferation 
and development of breast cancer by inhibiting the activ-
ity of the PI3K/AKT signaling pathway, which is the fun-
damental mechanism of its anti-cancer effect.

Conclusions

This study validated the  potent efficacy of  PTX 
as  an  anticancer chemotherapeutic drug in  the  treat-
ment of breast cancer, and further found that it inhibited 
the development of malignancies by inhibiting the activa-
tion of the PI3K/AKT signaling pathway. Therefore, PTX 
combined with other drugs that can target the PI3K/AKT 
signaling pathway may further enhance its efficacy 
in the treatment of breast cancer. However, these results 
still need to be confirmed by further clinical trials, which 
we are planning to carry out in the future.

Fig. 6. Expression of p-AKT (Thr308) and p-AKT (Ser473) after PI3K overexpression and PTX treatment in MCF-7 cells. A. Expression level of p-AKT (Thr308) 
and p-AKT (Ser473) detected with western blot. B. Quantification result of western blot

*p < 0.05 compared with the control group; #p < 0.05 compared with the PTX group; $p < 0.05 compared with the NC-PI3K group; &p < 0.05 compared with 
the oe-PI3K group.
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Abstract
Background. Functional and structural changes in the atrial muscle constitute a substrate for atrial fibrillation 
(AF). The pathological changes in the left atrium decrease the conduction velocity and result in prolongation 
of the P wave duration.

Objectives. To assess the duration of the P wave in patients with AF in different clinical presentations 
of arrhythmia.

Material and methods. The study group consisted of 119 patients diagnosed with AF: 57 women and 
62 men, aged 65.3 ±9.4 years. There were 65 patients with paroxysmal AF and 54 with persistent AF. In this 
group, electrical cardioversion was performed. The P wave duration was measured using an electrophysi-
ological system in all leads at a paper speed of 200 mm/s.

Results. The patients did not differ in terms of age, gender or comorbidities. The patients with persistent AF 
had longer P wave duration (159.9 ±22.3 ms compared to 144.6 ±17.2 ms; p < 0.001) and higher glucose 
concentration (119.4 ±33.4 mg/dL compared to 108.0 ±24.6 mg/dL; p = 0.015). These results were not 
influenced by the anti-arrhythmic treatment.

Conclusions. Persistent AF shows a longer P wave duration than the paroxysmal AF, independent of age, gen-
der and anti-arrhythmic medication. The prolongation of the P wave related to persistent arrhythmia should 
force physicians to restore the sinus rhythm earlier in order to more successfully maintain it in the long term.

Key words: P wave duration, atrial fibrillation, diabetes mellitus, chronic kidney disease
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Introduction

Atrial fibrillation (AF) is an arrhythmic consequence 
of multiple pathological processes leading to function-
al and structural changes in the atrial muscle.1,2 Among 
the major pathologies leading to this arrhythmia, hyper-
tension, coronary artery disease (CAD), and subsequent 
heart failure (HF) play the main roles. Despite treating 
both atria as a substrate of AF, it is clinically assumed that 
this arrhythmia occurs mainly due to left atrial patholo-
gies, primarily due to the higher workload it needs to cope 
with as a consequence of the higher left ventricular resis-
tance (LVR). These diseases cause changes in the structure 
of the atrial muscle through death and apoptosis of car-
diomyocytes, contributing to stromal fibrosis. This affects 
the generation of arrhythmia foci, local potential frag-
mentation and possible re-entry loops. However, the main 
consequence visible in echocardiography is the left atrial 
enlargement.

Furthermore, AF is caused by other arrhythmias, such 
as multiple atrial extrasystole, atrial focal tachycardia 
or atrial flutter.3–5 Whether they are constant or paroxys-
mal, they lead to electrophysiological changes in the action 
potential – usually a shortening of the refractory period, 
the local intensity of which may differ. This is manifested 
by the heterogeneity of the repolarization process. Repo-
larization disorders lead to functional conduction distur-
bances, which – superimposed on the structural changes 
and conduction slowing associated with cardiomyocyte de-
pletion – intensify the re-entry phenomenon and promote 
the maintenance and persistence of arrhythmias. These 
pathologies have an impact on the electrocardiographic 
(ECG) picture of atrial muscle depolarization, depicted 
by the P wave of the electrocardiogram. With the dura-
tion and progression of functional and structural changes, 
the duration of the P wave is prolonged, making it a risk 
factor for AF.6

An interesting and clinically important issue is the pos-
itive relationship between the AF paroxysm and the ten-
dency of  the arrhythmia to persist, which was reflect-
ed in the phrase “AF begets AF” coined by Wijffels et al.7 
Rapid atrial arrhythmias affect the functional changes 
in the process of atrial muscular repolarization and, above 
all, induce heterogeneity of refraction duration by the for-
mation of local blocks and slow conduction zones.8 In addi-
tion, AF episodes lead to left atrial enlargement, most likely 
due to an increase in filling pressure, but also due to blood 
retention and functional mitral regurgitation. All of these 
processes over time lead to the paroxysmal AF becoming 
persistent, until finally the decision is made to leave the ar-
rhythmia in a permanent form.8,9

All of these issues indicate the need for complex sys-
temic treatment and prevention of AF paroxysms. An im-
portant aspect is to reduce the duration of individual ep-
isodes using pharmacological or  electrical conversion 
to a sinus rhythm. Prolonged arrhythmia paroxysms lead 

to a deepening of  functional and anatomical changes, 
so it is likely that patients with persistent AF after sinus 
rhythm restoration have a longer P wave duration than pa-
tients with the paroxysmal form of the arrhythmia.

The aim of  the study was to assess P wave duration 
in  patients with AF in  different clinical presentations 
of the arrhythmia.

Material and methods

The study group consisted of 119 patients diagnosed 
with AF. The group consisted of 57 women and 62 men, 
aged 65.3 ±9.4 years. The essential comorbidities were 
reported. There were 65 patients with paroxysmal AF 
(AF group) who had a sinus rhythm during examination, 
and 54 patients with persistent AF. In this group, electri-
cal cardioversion was performed to restore a sinus rhythm 
(CV group). Any antiarrhythmic medication, including 
β-blockers, propafenone and amiodarone (combination 
therapy as well), was also recorded. As the exact duration 
of the arrhythmia episodes was not possible to recollect, 
we only included those patients with persistent AF last-
ing 2–24 weeks.

The P wave duration was measured using a LabSystem™ 
Pro EP Recording System (Boston Scientific, Boston, USA), 
where the ECG tracings allowed the sinus P waves to be as-
sessed. The P wave duration was measured precisely in all 
leads at a paper speed of 200 mm/s and an enhancement 
of 64–128. To avoid any influence of accidental inaccura-
cies, all measurements were repeated 5 times and the mean 
value was taken as the result.

In patients with the persistent form of AF, the direct cur-
rent cardioversion was performed as a standard clinical 
procedure under general anesthesia using 1 mg/kg of pro-
pofol and 50 µg of fentanyl, administered intravenously. 
A single shock of 300 J was successful in all patients.

The study protocol was approved by the local Bioethi-
cal Committee at Wroclaw Medical University, Poland.

Statistical analysis

The statistical analysis was performed using STATIS
TICA v. 13.3 (StatSoft, Inc., Tulsa, USA). P-values less than 
0.05 were considered statistically significant.

For quantitative variables, basic descriptive statistics were 
calculated (M – average, SD – standard deviation, Me – me-
dian, Q1 – lower quartile, Q3 – upper quartile, Min – mini-
mum value, and Max – maximum value) and the compliance 
of their distributions with a theoretical normal distribution 
was checked using the Shapiro–Wilk W test. Comparisons 
were performed with Student’s t-test or the Mann–Whit-
ney U test for independent groups, or Kruskal–Wallis anal-
ysis of variance (ANOVA) for multiple comparisons. Each 
categorical variable is presented as numbers and percent-
ages. The comparisons were performed with the χ2 test. 
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The correlations between the parameters were checked 
using Spearman’s rank correlation coefficient according 
to the statistical properties of the data.

The receiver operating characteristic (ROC) was used 
to assess the ability of P wave duration to classify disease 
status. Based on the results of examination and ROC anal-
ysis, a cutoff threshold for P wave duration was calculated 
for the AF and CV groups.

Results

The demographic and clinical characteristics of the study 
participants are presented in Table 1.

The P wave duration did differ significantly between 
the 2 groups, lasting longer in patients with the persis-
tent form of arrhythmia. The same applied for fasting glu-
cose concentration. The details are presented in Fig. 1. 
The  P  wave duration was significantly longer in  pa-
tients with chronic kidney disease (CKD). The results are 

presented in Fig. 2. Moreover, there was a weak but sta-
tistically significant correlation between the mean P wave 
duration and creatinine concentration. The results are de-
picted in Fig. 3.

The upper and lower limits of 95% confidence interval 
(95% CI) are greater than 0, i.e., the correlation is positive 
and statistically significant (p < 0.05). The increase in cre-
atinine concentration was accompanied by an increase 
in P wave duration.

However, no statistically significant relationship was 
observed between the dosage of propafenone and the du-
ration of the P wave. Spearman’s rank correlation cohort 
rho does not differ significantly from 0 (the upper and low-
er limits of the 95% CI differ in sign, i.e., they contain 0; 
p > 0.05). This conclusion applies to both the entire sam-
ple of patients and to the AF and CV groups separately.

There were no correlations between P wave duration and 
propafenone treatment (dosage) among all patients, nor 
in AF and CV groups. The results are depicted in Fig. 4. 
The  basic statistics of  P  wave duration in  the  groups 

Fig. 1. Glucose level and average P wave duration in groups of patients according to the type of AF and the results of significance tests

Fig. 3. Correlation diagram of average P wave duration with creatinine 
level and Spearman’s rank correlation coefficient and its 95% CI

Fig. 2. The average P wave duration in groups of patients according 
to the presence of CKD and the results of significance tests
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Fig. 4. Correlation diagram of average P wave duration with creatinine level and Spearman’s rank correlation coefficient and its 95% CI
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Table 1. Clinical characteristics of the total population and the comparisons of 2 groups of studied patients

Parameter
Total AF CV

p-value
n = 119 (100%) n = 65 (54.6%) n = 54 (45.4%)

Mean age [years] 65.3 ±9.4 65.0 ±8.9 65.6 ±10.1 0.712

Male/female 62/57 34/31 28/26 0.893

Comorbidities:

HT 89 (74.8%) 48 (73.8%) 41 (75.9%) 0.962

DM 25 (21.0%) 12 (18.5%) 13 (24.1%) 0.601

CKD 9 (7.6%) 6 (9.2%) 3 (5.6%) 0.509

IHD 21 (17.6%) 12 (18.5%) 9 (16.7%) 0.989

HF 11 (9.2%) 3 (4.6%) 8 (14.8%) 0.065

Laboratory:

K+ [mmol/L] 4.45 ±0.44 4.42 ±0.43 4.49 ±0.45 0.446

Glucose [mg/dL] 113.3 ±29.4 108.0 ±24.6 119.4 ±33.4 0.015

Creatinine [mg/dL] 1.05 ±0.28 1.01 ±0.22 1.09 ±0.34 0.340

Medicines:

Propafenone 43 (36.1%) 19 (29.2%) 24 (44.4%) 0.126

Amiodarone 17 (14.3%) 9 (13.8%) 8 (14.8%) 0.910

Bisoprolol 22 (18.5%) 12 (18.5%) 10 (10.5%) 0.819

Metoprolol 86 (72.3%) 44 (67.7%) 42 (77.8%) 0.309

Mean P wave duration [ms] 151.5 ±21.0 144.6 ±17.2 159.9 ±22.3 <0.001

HT – arterial hypertension; DM – diabetes mellitus; CKD – chronic kidney disease; IHD – ischemic heart disease; HF – heart failure.
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of patients differing according to the analyzed parameters 
and the results of significance tests are presented in Table 2.

In  ANOVA, it  turned out that P  wave duration has 
a  statistically significant relationship with diagnosis 
(AF group = 0; CV group = 1) as well as hypertension and 
CKD. Due to the possibility of a strong correlation between 
these parameters, a multifactorial (progressive, stepwise) 
regression analysis was performed. As a result, the follow-
ing model was obtained:

Mean P wave duration = 120.3 + 15.8 × CV + 20.2 × CKD 
+ 9.0 × HT ± 18.5

The factors (stimulants) of longer P wave duration turned 
out to  be membership in  the  CV group and the  pres-
ence of CKD and hypertension. All structural parame-
ters of the model are statistically significant (p < 0.0001): 
F (3, 115) = 12.6; p < 0.001.

The duration of the P wave can be regarded as a param-
eter by which patients can be classified into the CV or AF 

Table 2. Basic statistics of the average P wave duration in the study group according to the analyzed parameters and the results of significance tests

Variables
Mean P wave duration [ms]

p-value
M ±SD Me [Q1, Q3] min–max

Group

<0.001AF (n = 65) 144.6 ±17.2 141 [133; 154] 116–196

CV (n = 54) 159.9 ±22.3 159 [139; 174] 126–216

Gender

0.273Male (n = 62) 149.4 ±20.2 147 [134; 162] 116–206

Female (n = 57) 153.8 ±21.8 145 [139; 167] 118–216

Age [years]

0.193≤65 (n = 52) 149.3 ±21.7 141 [136; 161] 117–216

>65 (n = 67) 153.3 ±20.5 150 [139; 167] 116–199

HT

0.008Yes (n = 89) 154.4 ±21.7 150 [139; 168] 116–216

No (n = 30) 142.9 ±16.2 139 [132; 151] 117–199

DM

0.891Yes (n = 25) 151.8 ±21.9 145 [139; 172] 116–190

No (n = 94) 151.5 ±20.9 147 [138; 163] 117–216

CKD

0.002Yes (n = 9) 170.6 ±13.5 172 [163; 182] 150–185

No (n = 110) 150.0 ±20.8 143 [137; 162] 116–216

IHD

0.397Yes (n = 21) 154.7 ±22.8 151 [139; 177] 116–186

No (n = 98) 150.9 ±20.7 145 [137; 162] 117–216

HF

0.361Yes (n = 11) 156.8 ±24.7 160 [139; 182] 116–192

No (n = 108) 151.0 ±20.7 145 [137; 163] 117–216

Propafenone

0.519Yes (n = 43) 153.2 ±22.0 148 [139; 163] 117–216

No (n = 76) 150.6 ±20.5 145 [136; 164] 116–199

Amiodarone

0.796Yes (n = 17) 150.3 ±17.8 150 [141; 160] 116–182

No (n = 102) 151.7 ±21.6 144 [137; 167] 117–216

Metoprolol

0.974Yes (n = 86) 151.2 ±20.9 148 [138; 163] 116–216

No (n = 33) 152.3 ±21.7 141 [137; 170] 123–198

Bisoprolol

0.453Yes (n = 22) 147.6 ±17.7 144 [139; 156] 125–199

No (n = 97) 152.4 ±21.7 148 [138; 167] 116–216

HT – arterial hypertension; DM – diabetes mellitus; CKD – chronic kidney disease; IHD – ischemic heart disease; HF – heart failure.
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group. Analysis of the ROC curve showed that for the cut-
off value of P wave, duration was lower than 148 ms, the di-
agnostic sensitivity of the test was 67.7%, the specificity 
66.7%, and the area under the ROC curve (AUC) was 0.700. 
This is not a sensational result, but the lower confidence 
limit for AUC is 0.609 and is greater than 0.5, which indi-
cates the diagnostic usefulness of this parameter. Accord-
ing to the literature, if the AUC is in the range of 0.7–0.8, 
the classifier is satisfactory. The graph is shown in Fig. 5.

Discussion

The duration of the P wave is a result of the conduction 
velocity in the atrial working myocardium and the dis-
tance the electrical activation has to travel. Functional 
and structural changes in the atrial muscle affect both 
of these parameters – they slow down conduction velocity 
and extend the path to be traveled due to the enlargement 
of the atria. This results in a longer P wave duration and 
a change in its morphology. The same changes in struc-
ture and function are responsible for generating atrial ar-
rhythmias, including AF.6 Additionally, the ongoing ar-
rhythmia leads to a progression of the abovementioned 
changes. In particular, the enlargement of the left atrium 
is clearly associated with an increase in the filling pressure 
of the left ventricle and likely dependent on the ventricu-
lar rate.10 Data on the effect of AF on muscle conduction 
is more scarce and less consistent.11

The main finding of our study is the longer duration 
of the P wave in patients with average long-term persistent 
AF compared to patients with paroxysmal arrhythmia and 
sinus rhythm at the time of the study. The degree to which 
the P wave duration was extended (about 10%) is not only 
statistically significant, but clinically as well. It should be 
emphasized that the P waves measured in both groups 
markedly exceed the normal values of 120 ms (144.6 ms 
in AF group compared to 159.9 ms in CV group). Simi-
lar comparisons are not numerous in the available liter-
ature.12–13 As our subgroups of patients suffering from 
paroxysmal and persistent AF are comparable according 
to age and gender distribution, comorbidities and anti-
arrhythmic medication, it  indicates that this additional 
prolongation was caused only by the presence of the pro-
longed episodes of arrhythmia. Our measurements were 
not performed immediately after the cardioversion shock, 
so the influence of direct current can be ignored. Addi-
tionally, in 1 small study, the direct current flow during 
cardioversion had little or no effect on the P wave dura-
tion immediately after the procedure and on the next day.14

Even if diabetic patients were not frequently presented 
in our study group, there was a noticeable difference be-
tween diabetics and non-diabetics in terms of P wave du-
ration. Those with diabetes mellitus (DM) were observed 
to have a longer P wave than participants without it. This 
is in line with other clinical observations even the direct 
evidence lacks in human. Diabetes is presumed to be a risk 
factor for AF; the topic has been reviewed quite often. A me-
ta-analysis of different cohort and case control studies in-
vestigating the correlation between DM and AF showed 
that individuals with DM had a 40% greater risk of AF than 
unaffected individuals.15 There is sparse literature to be 
found about DM leading to electrical changes of the atri-
al substrate.16 In an experimental setting of DM, it was as-
sociated with increased atrial fibrosis, interatrial conduc-
tion delay and greater inducibility of AF.17 Another animal 
study confirmed those results with additional interesting 
observations of P wave prolongation in diabetic rats with-
out left atrial enlargement, which the authors attributed 
to diabetic changes in the gap junction protein, Cx.18 Simi-
lar outcomes were obtained in patients with impaired fast-
ing glucose levels leading to significantly longer interatrial 
conduction times and, in consequence, decreased left atri-
al emptying volume and fraction.19

In another subgroup of our patients, CKD was found 
to be a predictor of longer P wave duration. In the liter-
ature, some studies have made an association between 
maximum P wave duration and an exacerbation of the re-
nal condition until the defined endpoints of hemodialysis, 
death or a specified decline in estimated glomerular filtra-
tion rate (eGFR).20,21 Based on our results, it could be as-
sumed that a reciprocal influence of CKD on P wave dura-
tion is occurring as well, possibly because of a simple fluid 
overload. Referring to the patients included in our study, 
only a small number of patients (9 (7.6%)) presented with 

Fig. 5. ROC curve for P wave duration; cutoff value between patients from 
the CV and the AF groups; the sensitivity and specificity of the test and 
the AUC and its 95% CI
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CKD as a comorbidity, but it was discovered to be statisti-
cally significantly related to P wave duration. This requires 
further investigation in other studies which would not be 
distorted by the small number of CKD patients. Atrial fi-
brillation is frequently described together with renal dys-
function, mainly as a preceding comorbidity, but no evi-
dence has been found supporting the notion of CKD being 
the cause of AF. Nevertheless, our results indicate such 
a possibility, making the subject worthy of study.

Anti-arrhythmic medication influences the electrophys-
iological properties of the working myocardium, in par-
ticular the conduction speed and refractory period, which 
could influence P wave duration. The results of our study 
do not support this idea. Amiodarone is a class III anti-
arrhythmic agent acting mainly as a potassium channel 
blocker. The drug prolongs refractory period and atrial re-
polarization. It has been shown to be effective in maintain-
ing a sinus rhythm and preventing arrhythmia episodes 
in patients with paroxysmal AF. Although in 1 small study 
the researchers reported an amiodarone-related increase 
in P wave duration, it was a narrow, experimental animal 
study and the conditions were not comparable to the si-
nus rhythm in humans, which was present in our study.22 
The relationship between P wave duration and amioda-
rone administration was similarly negated in a study con-
ducted by Sasaki et al.23

In contrast to amiodarone, treatment with a sodium 
channel blocker could theoretically influence the P wave 
duration. Propafenone is an IC class agent which blocks 
the fast sodium channels, slowing down the conduction 
velocity in the working myocardium. According to litera-
ture data, there is no direct relationship between the dos-
age of propafenone and P wave duration, though the same 
study confirmed a weak correlation between treatment 
with propafenone and a prolongation of P wave duration.24 
Our data does not confirm this finding. It should be noted, 
however, that our group of patients treated with propafe-
none was not very large.

Based on our results, the theoretical model resulting 
from ROC curves indicates an estimated P wave duration 
which differentiates patients between sinus rhythm and 
persistent AF groups. This approach has not been pre-
sented in the literature so far, so our value of P wave du-
ration (148 ms) can only be referred to studies indicating 
the importance of this parameter in the prediction of si-
nus rhythm maintenance after electrical cardioversion. 
In 1999, Aytemir et al. investigated the P wave signal-av-
eraged ECG in 73 patients after successful cardioversion. 
During the six-month follow-up period, a recurrence of AF 
was observed in 31 patients, while in 42 patients, a sinus 
rhythm was maintained. The researchers found no differ-
ence between the groups according to gender, age, presence 
of organic heart disease, left atrial diameter, left ventric-
ular ejection fraction, use of antiarrhythmic drug, or du-
ration of AF. The filtered P wave duration was statistical-
ly significantly longer in patients with a recurrence of AF 

(138.4 ms compared to 112.5 ms). A filtered P wave duration 
of 128 ms had a sensitivity of 70% and a specificity of 76% 
for the detection of AF recurrence.25 On the other hand, 
in a study by Perzanowski et al. the maximum P wave du-
ration did not differentiate patients who remained in sinus 
rhythm or experienced a recurrence of arrhythmia (142 ms 
compared to 145 ms; p-value not significant).26 As the au-
thors did not mention their methodology of P wave dura-
tion measurement, it should be assumed that they used 
a simple, standard 12-lead ECG without any more precise 
equipment. This lack of precision could have been the cause 
of their results. In a study by Gonna et al., a 12-lead ECG 
was recorded after electrical cardioversion for persistent 
AF in 77 patients and was repeated after 1 month. Com-
pared with the sinus rhythm group, the group with recur-
rent AF had more patients with a P wave duration that 
exceeded 142 ms. Using a cutoff <142 ms for P wave dura-
tion, the authors showed a sensitivity of 64.6% and a spec-
ificity of 62.1% for sinus rhythm maintenance. In multiple 
regression analysis, a P wave duration longer than 142 ms 
was the only independent predictor of AF recurrence.27 
The abovementioned considerations indicate unequivo-
cally that the prolongation of the P wave is clearly a risk 
factor for paroxysm of AF and for more advanced stag-
es of arrhythmia, which is in line in our results. More-
over, we have produced evidence which supports the pre-
vious findings in different settings. Regarding the higher 
values of P wave duration obtained in this study, it should 
be remembered that the precise methodology used in our 
study is qualitatively different from that of other research-
ers.26,27 This is  because a  few years ago we  confirmed 
the lack of P wave dispersion that was reported in some 
of the abovementioned papers, which is related to the in-
accuracy of the measurements.28

In summary, ongoing AF in the form of a moderately long, 
persistent arrhythmia has a negative impact on structur-
al and functional atrial remodeling. This occurs indepen-
dently of age, gender and type of anti-arrhythmic treatment, 
it but may be somewhat related to certain comorbidities.

Study limitations

An important limitation of our study is its single-center 
design and relatively small study group. In addition, this 
is not a prospective clinical study indicating the relation-
ship between ECG parameters and long-term prognosis. 
As our measurement method – an electrophysiological re-
cording system – is extremely precise, we are aware that 
our results cannot be directly compared to those of oth-
er authors. We previously mentioned that the duration 
of the persistent form of arrhythmia cannot be exactly es-
timated. Because our hypothesis is that the longer P wave 
duration is mainly related to AF itself, this should be as-
sumed as the main limitation of our study, even if the lit-
erature data contradict the correlation between arrhyth-
mia duration and P wave prolongation.14
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Conclusions

Persistent AF shows a  longer P  wave duration than 
the paroxysmal form of arrhythmia, independent of age, 
gender and anti-arrhythmic medication. The prolongation 
of the P wave related to persistent arrhythmia should com-
pel physicians to restore a sinus rhythm earlier to more 
successfully maintain it in the long term.
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Abstract
Background. Preimplantation genetic testing (PGT) is a powerful tool for patients with a high risk of trans-
mitting a genetic abnormality to their children. Unlike other assisted reproductive technologies (ART), it has 
technical issues which remain unresolved.

Objectives. To develop a modified tubing method for placing biopsied samples into amplification tubes 
for PGT.

Material and methods. A modified tubing method was developed and applied to PGT, with the microma-
nipulator aiding in the fine movement of transfer pipettes, and with a microinjector to minimize the amount 
of medium which is transferred with the biopsy samples into the amplification tube. A total of 826 blasto-
cysts from 222 PGT cycles performed between December 2016 and December 2019 were retrospectively 
analyzed. As the tubing of the cells could not always be inspected visually and they would only be detected 
by the presence of DNA after amplification, the main outcome measure was the amplification success rate.

Results. The amplification success rate with the modified tubing method was 99.6%.

Conclusions. The modified tubing method is efficient and simple. It  is a promising technique for PGT 
tubing. To the best of our knowledge, this is the first report on the use of a modified micromanipulator and 
microinjector for improving the tubing rate in PGT cycles, and the presented method is by far the closest 
to actual use for PGT tubing.

Key words: trophectoderm biopsy, preimplantation genetic testing, modified tubing method, vision-based 
tubing system, biopsy tubing
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Introduction

Preimplantation genetic testing (PGT) is used in early 
prenatal genetic diagnosis, in which abnormal embryos 
are identified, so that only genetically normal embryos can 
be used for transfer. Its indications have also been signif-
icantly extended to include common late-onset disorders 
and non-genetic conditions, such as testing for human 
leukocyte antigens (HLA) matching.1,2 There is no doubt 
that PGT is a powerful tool for patients with a high risk 
of transmitting a genetic abnormality to their children, 
though the technique has its own set of specific techni-
cal issues.3,4

Preimplantation genetic testing requires multiple steps 
and manipulations of the gametes and embryos in order 
to select unaffected embryos for transfer and subsequent 
potential pregnancy. For example, the quantitative poly-
merase chain reaction (qPCR)-based trophectoderm biopsy 
for both monogenic diseases and chromosomal abnormali-
ties consists of 32 steps in the process.5 The main steps in-
volved in PGT are as follows: embryo biopsy, biopsy tubing, 
embryo cryopreservation, diagnosis, embryo warming, and 
embryo transfer.6 Placing biopsied samples into amplifica-
tion tubes (tubing) without losing genetic material is a pre-
requisite for the ultimate success of DNA amplification.7 
Cases of DNA amplification failure are mainly due to los-
ing the biopsy samples during the tubing process, which 
requires repeated moving and washing.8 Because of these 
losses, there may be no biopsy samples to diagnose, which 
is an outcome that is unacceptable for all couples.9

Unfortunately, the  conventional method relies 
on the manual control of micropipettes for transferring 
embryonic cells to PCR tubes with or without microscop-
ic visualization.10 Transferring biopsy samples into PCR 
tubes and precisely controlling the position of the cells 
within the micropipette is challenging because of the small 
volume and the strong adhesion force of the cells involved 
in the process. Due to the inherently limited manipulabil-
ity offered by manual control, the outcome is heavily de-
pendent on the operator’s ability and experience. These 
limitations cause the need for optimization of the tub-
ing process.

In recent years, we have seen progress in automation 
and novel techniques in the field of assisted reproduc-
tive technology (ART) manipulation, but there is  little 
or no debate about the optimization of tubing techniques 
for placing biopsy samples into amplification tubes for 
PGT.11–14 The purpose of this study was to describe a new 
method for biopsy sample tubing, which allows the tubing 
step to be precisely controlled, and minimizes the amount 
of medium transferred along with the cell into the PCR 
tube. To our knowledge, this is the first report on the use 
of a modified micromanipulator and microinjector for im-
proving the tubing rate in PGT cycles, and the present-
ed method is by far the closest to the actual use for PGT 
tubing.

Material and methods

Patients

This retrospective study was performed at a single in vi-
tro fertilization (IVF) center and analyzed the PGT cycles 
of patients who had undergone treatment between Decem-
ber 2016 and December 2019. A total of 826 embryos from 
139 patients were biopsied at the blastocyst stage. Only vit-
rified–warmed single-embryo transfers (SETs) were per-
formed in this study. The primary outcome in this study 
was the amplification success rate, as the tubing of the cells 
could occasionally not be inspected visually and would 
only be detected through the presence of DNA after ampli-
fication. The study was approved by the Ethics Committee 
of Guangzhou Women’s and Children’s Hospital (China) 
and informed consent was obtained from all participants.

Embryo culture and biopsy

Only zygotes presenting with 2 pronuclear bodies were 
cultured in G1-PLUS/G2-PLUS sequential media (Vitro-
life, Gothenburg, Sweden) until they reached the blas-
tocyst stage. Blastocyst grading was performed based 
on the Gardner and Schoolcraft criteria.15 Biopsies were 
performed on day 5 or day 6 according to the blastocyst 
grade on that day.

Preparation of modified transfer device

The modified transfer device assembly consists of a mod-
ified micromanipulator, a  modified microinjector with 
a  drawn Pasteur pipette, and a  homemade PCR rack 
(Fig. 1A). It was used in conjunction with a stereomicroscope 
(Fig. 1B). The micromanipulator modified for the movement 
of the transfer micropipette could be made by dismantling 
part of the injection holder from a commercial microma-
nipulator, such as RI (Falmouth, UK), Narishige (Tokyo, 
Japan), or Eppendorf. The modified microinjector (Fig. 2A) 
was made from a commercial microinjector, where the end 
cap on the top of the micropipette holder was replaced with 
a flexible silica gel connector with an inner diameter of 200–
300 μm. The rack for the PCR tube (Fig. 2B) was made from 
a petri dish with a notch attached to it to give it a suitable 
tilting angle (30–35°) for the tube. The micropipettes used 
to transfer the biopsy samples (Fig. 2A), with an internal 
diameter of 30–40 μm, were drawn using Pasteur pipettes. 
After being drawn, the glass pipettes were sterilized using 
dry heat at 160°C for 2 h.

Biopsy tubing

At any step from biopsy tubing onwards, the proce-
dure of moving biopsy samples from the biopsy dish 
to a PCR tube was performed inside an IVF worksta-
tion, with the  aid of  a  modified transfer device and 
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a stereomicroscope. In brief, the biopsy dish is moved 
and placed under the stereomicroscope. The magnifica-
tion of the stereoscope is adjusted according to the mi-
cropipette. With the aid of the modified micromanip-
ulator and microinjector, the  transfer micropipette 
is moved to the biopsy sample, and then the biopsy sam-
ple is drawn into the micropipette (Fig. 3A,B). The biop-
sied specimen is washed with a few drops of clean me-
dia to remove paraffin oil, partial sets of chromosomes 
and other potential contaminants. Following the same 
steps, the biopsy samples in the micropipette are moved 
into the corresponding PCR tube (Fig. 3C,D).

To avoid the biopsied cells becoming stuck to the inner 
wall of the transfer micropipette, the micropipette should 
be washed in 7% polyvinylpyrrolidone (PVP) medium be-
fore biopsy tubing.

Statistical analysis

All data analysis was performed using SPSS Statistics 
v. 25 software (IBM Corp., Armonk, USA). The statistics 
are expressed as means ± standard deviation (SD) for con-
tinuous variables, while percentages are used for categori-
cal variables.

Results

Characteristics and embryological data 
of the study patients

A total of 826 blastocyst-stage biopsies from 222 PGT 
cycles at a single center using the modified tubing method 

Fig. 1. Representation of the modified transfer device. A. The modified transfer device assembly. B. The modified transfer device in conjunction with 
stereomicroscope

Fig. 2. Material source and construction of modified microinjector, micropipette and PCR tube rack. Inside the red oval is the flexible silica gel connector
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for biopsy samples between December 2016 and December 
2019 were included. The characteristics of the study pa-
tients are shown in Table 1. In laboratory outcomes, 2595 
metaphase II (MII) oocytes were injected and cultured, 
2113 were observed to have 2 pronuclear bodies and 2060 
fertilized oocytes reached the cleavage stage. There were 
1359 cleavage-stage embryos developed to blastocyst stage, 
of which 826 were usable blastocysts and 459 were high-
quality blastocysts. The fertilization rate, cleavage rate, 
blastocyst formation rate, usable blastocyst rate, and high-
quality blastocyst rate were 81.4%, 97.5%, 66.0%, 60.8%, 
and 33.8%, respectively (Table 2).

PGT results and clinical outcomes 
of modified biopsy sample  
tubing method

In the PGT results, of a total of 222 PGT cycles, 190 cy-
cles achieved embryo biopsy, while 32 cycles (14.4%) did 
not, as no embryo developed to the available blastocyst 

stage. Overall, 823 out of 826 (99.6%) blastocyst biopsies 
resulted in successful amplification. Three (0.4%), includ-
ing 2 day 5 blastocysts (Fig. 4A,B) and 1 day 6 blastocyst 
(Fig. 4C) from different individual patients failed to am-
plify. The mean number of biopsied embryos per patient 
was 3.7 ±3.4. Of the embryos successfully amplified, 100% 
had interpretable results and 38.2% were genetically trans-
ferable. The clinical pregnancy rate per transfer, live birth 
rate and miscarriage rate were 80.9%, 74.5% and 6.4%, re-
spectively (Table 2).

Discussion

A key caveat for PGT is the need to prevent the loss of bi-
opsy samples during tubing. This problem is even more 
pronounced in patients from whom few oocytes are re-
trieved. How can the loss be minimized? Conventional 
PGT to date has focused on embryo biopsy and diagno-
sis,3,5,10 but not a single paper has been published focusing 

Fig. 3. Optimization of biopsy tubing procedural steps. A,B. The biopsy sample was transferred from biopsy dish. C,D. The locate the micropipette 
containing biopsy sample was inserted into the PCR tube, and the biopsy sample was expelled into the PCR tube. The red arrows showed the microscopic 
visualization of biopsy sample
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on the optimization of the tubing method for placing bi-
opsy samples into amplification tubes for PGT. Our center 
had started to advance the safety and accuracy of tubing 
and to encourage this technique to be adopted into clini-
cal practice in order to improve PGT.

Precise control is  required during tubing, because 
of the size of the biopsy samples (no more than 30 μm) 
and the volume of lysis buffer in the amplification tube 
(usually 3 μL in whole genome amplification). However, 
the manual control of micropipettes is notoriously im-
precise. Therefore, tubing biopsy samples into PCR tubes 
is a challenging task for many embryologists. For Euro-
pean Society for Human Reproduction and Embryology 
(ESHRE) data collection XIV–XV,16 71 centers reported 
data on 11,481 cycles with PGT, along with 64,395 biopsies 
from January 2011 to December 2012; DNA amplification 

products were detected in 63,388 biopsies (98.4%) and 
59,556 biopsies (92.5%) had interpretable results. In a study 
by Capalbo et al. on 2586 blastocyst-stage biopsies from 
906 IVF-PGT cycles at 3 IVF centers between April 2013 
and December 2014, the amplification success rate and 
diagnostic efficiency were 98.8% (2556/2586) and 94.2% 
(2,437/2,586), respectively.17 More recently, a study that 
included 8990 blastocyst-stage biopsies of 6 IVF centers 
found that 98.0% of biopsies could be detected through 
the presence of DNA after amplification, but up to 97.5% 
of biopsied samples were able to be conclusively diag-
nosed.18 This evidence suggests that diagnostic efficien-
cy is continually improving, whereas the amplification 
success rate has remained unchanged. This means that 
with new genetic testing technology, the accuracy and 
sensitivity of the analysis method has increased,19 though 

Fig. 4. Amplification failure – embryos from three different individual patients

Table 1. Characteristics of the study population

Indication Total

Number of patients, n 139

Number of cycles, n 222

Maternal age (±SD) [years] 33.3 ±5.4

BMI [kg/m2] 21.7 ±2.6

Infertility duration (±SD) [years] 2.3 ±2.5

Basal FSH [IU/L] 6.0 ±2.1

Basal LH [IU/L] 3.7 ±2.1

Indication to PGT (%)

PGT-A 86/222 (38.7)

PGT-M 54/222 (24.3)

PGT-SR 78/222 (35.1)

Other 4/222 (1.8)

Retrieved oocytes, n (mean ±SD) 2087 (14.5 ±8.9)

MII oocytes, n (mean ±SD) 1707 (11.7 ±7.3)

BMI – body mass index; MII – metaphase II; PGT-A – PGT for aneuploidies; 
PGT-M – PGT for monogenic; PGT-SR – PGT for structural arrangements; 
SD – standard deviation.

Table 2. Embryological data and PGT results of modified biopsy sample 
transfer method

Parameter Total

Cycle characteristics

Oocytes injected 2595

Fertilization rate, n (%) 2113/2595 (81.4)

Cleavage rate, n (%) 2060/2113 (97.5)

Blastocyst formation rate, n (%) 1359/2060 (66.0)

Usable blastocyst rate, n (%) 826/1359 (60.8)

High-quality blastocyst rate, n (%) 459/1359 (33.8)

PGT results

Cycles with biopsiable embryos, n (%) 190/222 (85.6)

Biopsied embryos, n (mean ±SD) 826 (3.7 ±3.4)

Amplification efficiency, n (%) 823/826 (99.6)

Not affected embryos diagnosed, n (%) 314/823 (38.2)

Clinical outcomes

Number of embryos transferred, n (mean ±SD) 47 (1.0 ±0.0)

Implantation rate 38/47 (80.9)

Clinical pregnancy rate, n (%) 38/47 (80.9)

Miscarriage rate 3/47 (6.4)

Live birth rate (% per ET) 35/47 (74.5)

SD – standard deviation; ET - embryo transfer.
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no significant development has been made in the tubing 
or DNA amplification techniques.

In the present study, the amplification success rate was 
99.6%, which was higher than the reference studies select-
ed in it. The reasons for the outcomes were the proposed 
optimization approach, which included a few improve-
ments: the modified micromanipulator aided in the fine 
movement of the micropipette, the modified microinjec-
tor minimized the amount of medium co-transferred with 
the cell, and the modified transfer device combined with 
a stereomicroscope provided a vision-based tubing sys-
tem. These simple solutions can lead to a reduced need 
for an embryo re-biopsy, benefiting the amplification suc-
cess rate and resulting in improved PGT results. As is well-
known, the guidelines of  the Preimplantation Genetic 
Diagnosis International Society and the  ESHRE PGD 
consortium all recommend that the amplification suc-
cess rate be no less than 90%.20,21 Based on data from sur-
veys and the PGD Consortium, the Vienna consensus rec-
ommends that the reference values of a successful biopsy 
rate be as follows: competency ≥90% and benchmark ≥95%. 
Additionally, the benchmark of a tubing rate of 95% was 
reported in the Alpha survey.22 These recommendations 
confirm that this modified approach is technically solid. 
At the same time, the tubing procedure with the modi-
fied method was easily standardized among the opera-
tors. As the success of a PGT treatment cycle is the result 
of great attention to detail, the optimization of any proce-
dural steps is a pragmatic goal.8

A common characteristic between all biopsy stages 
is the  limited quantity of samples available for genetic 
analysis, potentially compounded by the often sub-opti-
mal quality of the embryo cell biopsied.23 The cell death 
in TE cells, damage to genomic DNA from the laser or me-
chanical injury during the biopsy may also affect the qual-
ity of the biopsy samples.24,25 Damaged DNA from poor-
quality biopsy samples may lead to an amplification failure 
or to low-confidence profiles.26 In the present study, 3 biop-
sies did not produce any DNA amplification (Fig. 4). Ampli-
fication failure (AF) suggests only the absence of TE cells 
in the test tube or the presence of degenerated/lysed cells. 
The rate of AF is mainly imputable to technical aspects, 
and an increasing trend has been found from the most 
to the least experienced clinics.18 As the control was visual 
and precise in this study, AF may be related not to the loss 
of the biopsied TE cells during the transfer from the bi-
opsy dish to the amplification tube, but to the biopsy pro-
cedure. In fact, careful consideration is required when 
selecting the optimal time to perform biopsy for PGT. Ac-
cording to our results, as the expansion grade of blasto-
cysts in 3 biopsies of AF was low, these blastocysts would 
be better with extended culturing.

In this study, biopsy and embryo transfer were performed 
at the blastocyst stage. The different days of biopsy turned 
out to be the main variable affecting both the presence 
and quality of the analyzed DNA. From days 3 to 5, longer 

culturing in vitro and wider blastocyst expansion were 
associated with smaller biopsy samples (i.e., with a higher 
DNA content and quality).18 Also, the evidence suggests 
that cleavage-stage biopsy impairs the potential for human 
embryo implantation significantly more than blastocyst bi-
opsy,27–29 and embryo transfer at the blastocyst stage is ac-
companied by an improvement in pregnancy rates. From 
recently performed reviews and meta-analyses, the live 
birth rate of  PGT ranged between 30% and  70%.30–32 
In the present study, the implantation rate, clinical preg-
nancy rate, live birth rate, and miscarriage rate were 80.9%, 
80.9%, 74.5%, and 6.4%, respectively. These findings sug-
gest that the PGT technique in our IVF center is stable.

The study has a few limitations. Because there is no ideal 
indicator for tubing, our outcome measure was the ampli-
fication success rate rather than the tubing rate. No com-
parative studies between the conventional method and 
the modified approach were performed in the same lab, 
and there are only few reports on amplification success 
rate. However, for safety assessment and training, the mod-
ified approach was evaluated both in a mouse experimen-
tal system and in a preclinical study using spare embryos 
from routine IVF procedures, before being applied in clin-
ical PGT. The results were shown to be compatible with 
a high tubing rate of biopsy samples.

Conclusions

The present study demonstrates that the tubing method 
of biopsy samples can be a viable option for clinical appli-
cation in PGT cycles. Instead of manual control, which re-
quires many procedures of training to obtain proficiency, 
this tubing procedure is simple to perform and has a high 
degree of precision.
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Abstract
Background. Esophageal stent implantation is an alternative for microjejunostomy or total parenteral nutri-
tion in the palliative treatment of malignant dysphagia in the course of esophageal and advanced bronchial 
cancers infiltrating the esophagus. The procedure of implanting an esophageal self-expanding metal stent 
(SEMS) is performed with gastroscopic guidance under general anesthesia.

Objectives. To analyze the efficacy and safety of a simplified technique (without gastroscopic guidance 
in local anesthesia) of esophageal SEMS implantation in patients with malignant dysphagia in the course 
of esophageal and bronchial cancers.

Material and methods. This is a retrospective analysis of consecutive procedures of uncovered esophageal 
SEMS implantation performed with a simplified adaptation of the endovascular technique (Seldinger wire) 
in patients with esophageal and bronchial cancers and poor performance status. The procedures were done 
in a single surgical center over an 8-year period in 27 patients who were referred from oncology depart-
ments with esophageal stenosis confirmed using gastroscopy and who were being treated for malignant 
dysphagia. The study endpoints were effectiveness (a decrease in dysphagia from grade 3 or 4 to grade 1 
after the procedure) and complications related to the procedures (including restenosis and stent migration).

Results. In all 27 patients, the SEMS were effectively implanted, enabling enteral nutrition after the proce-
dure. No early complications related to the procedure were observed. A single patient developed restenosis 
14 days after the procedure, which required re-stenting.

Conclusions. The simplified method for SEMS implantation described herein may be considered an option 
in the palliative treatment of patients with malignant dysphagia in the course of esophageal and bronchial 
cancers and poor performance status, especially in facilities with limited access to endoscopy.

Key words: esophageal cancer, bronchial cancer, self-expandable metal esophageal stent implantation, 
malignant dysphagia, palliative treatment
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Introduction

Dysphagia caused by cancer is a common and severe 
complication of locally advanced, unresectable or recur-
ring cancers of the gastro-esophageal junction, and much 
less frequently from infiltration of bronchial carcinomas. 
It is followed by the rapid development of cachexia, which 
affects the quality of life and overall patient survival.1,2 
At this stage of the disease, the priority is on supportive 
care and improving the patient’s quality of life rather than 
curative treatment.3

Malnutrition can be reduced either by enteral nutri-
tion through a jejunostomy or total parenteral nutrition. 
However, neither of these procedures resolves the prob-
lem of  the  patient’s inability to  swallow saliva, which 
leads to the severe complication of saliva aspirating into 
the airway. Therefore, restoration of esophageal patency 
is the only way to resolve this problem and improve their 
ability to swallow, and thus their quality of life.4

Currently, the most commonly used palliative treatment 
for dysphagia from cancer in patients with at least partial 
patency of the esophagus is stenting with self-expanding 
metal stents (SEMSs) of different types (fully covered, un-
covered or partially covered).3,5,6 The choice of stent de-
pends on the tumor size (length of the stenosis), its loca-
tion and the morphology of the stenosis.3 A SEMS implant 
results in an immediate reduction in dysphagia and gives 
the patient the opportunity to take in fluids and food.3,6 
Stents are routinely placed over a guidewire positioned 
through gastroscopy and under fluoroscopic guidance dur-
ing conscious sedation of the patient. In our center, this 
method was used until 2009.

In 2009, we introduced a simplified procedure of SEMS 
placement performed under local anesthesia only, with-
out gastroscopic guidance, using a simplified adaptation 
of the endovascular technique (Seldinger wire).

In this paper, we describe the effective application of this 
modified method in a series of patients with dysphagia 
from cancer in the course of advanced or recurring esoph-
ageal and bronchial cancers.

Patients and methods

Between 2010 and 2017, 28 patients with esophageal ste-
nosis and dysphagia who were in the course of advanced 
esophageal and bronchial cancers confirmed using gas-
troscopy, and who were disqualified from chemo- and ra-
diotherapy due to poor performance status (Eastern Coop-
erative Oncology Group performance status 3 or 4), were 
referred from oncology centers to the Department Gen-
eral and Vascular Surgery. A SEMS implantation was per-
formed in 27 patients with dysphagia of grade 3 or 4 un-
able to swallow liquids/saliva (Table 1). One patient was 
disqualified due to poor general clinical condition and 
died a few days later. Each patient gave written informed 

consent for the procedure. The study was conducted in ac-
cordance with the Declaration of Helsinki. The modifica-
tion of the stenting procedure was reviewed by the Bio-
ethical Committee of  the  Silesian Medical University 
in Katowice (approval No. NN-6501-53/06).

Stenting procedure

The  procedures were performed at  the  Department 
of Radiology.

After local anesthesia of  the mouth and throat with 
topical xylocaine spray, A 21Fr tube was introduced into 
the mouth to the level of the tumor while the patient was 
in a supine position. After removal of residual saliva from 
the esophagus using a 20-milliliter syringe, 20 mL of iodine 
contrast was injected through the tube in order to visual-
ize the stenotic canal and to manipulate the tumor under 
fluoroscopy (Fig. 1 – upper-left panel). We then withdrew 
the 21Fr tube by about 3 cm, introducing through it a hydro-
philic standard guidewire (0.035’’; Terumo Interventional 
Systems, Somerset, USA), followed by Van Schie Seek-
ing Catheters (2–3Fr, Cook Medical, Bloomington, USA), 
gently maneuvering into the stenotic channel to reach 
the stomach. After replacing the Van Schie Seeking Cathe-
ters with an extra-stiff guidewire (Lunderquist® Extra-Stiff 
Wire; Cook Medical, Bloomington, USA), we introduced 
a balloon with an uncovered SEMS. Finally, X-ray control 
was performed with iodine contrast at the end of the pro-
cedure (Fig. 1 – upper-right panel).

Results

The modified technique of esophageal SEMS implanta-
tion was successfully performed in all 27 patients, enabling 
enteral nutrition (liquid diet) immediately after the proce-
dure (decreasing dysphagia from grade 3 or 4 to grade 1). 
No complications related to the procedure or migration 
of the SEMS was observed. One patient required a second 
SEMS due to re-stenosis 14 days after the 1st procedure 

Table 1. Characteristics of patients with cancer dysphagia (n = 27)

Parameter Value

Gender [men/women] 18/9

Age [years] 62.5 (range: 52–87)

Weight loss during the last 3–6 months [kg] 17.5 (range: 10–35)

Causes Number of patients

Recurrence of gastro-esophageal junction 
adenocarcinoma (after initial resection and 
chemotherapy)

8

Progression of unresectable esophageal 
squamous cell carcinoma (after chemo- and 
radiotherapy)

14

Progression of bronchial carcinoma with 
esophageal infiltration (after chemotherapy)

5
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(Fig. 1 – lower-left and -right panels), and percutaneous 
endoscopic gastrostomy after another 28 days (40 days 
from the 1st procedure).

All patients expressed satisfaction with the  proce-
dure in terms of restoring enteral nutrition. Almost half 
of the patients (n = 13) were discharged home with the rec-
ommendation of palliative care, while the others were 
transferred to district hospitals (n = 11) or oncology units 
(n = 3). The mean post-procedure survival time was 76 days 
(28–117 days).

Discussion

In our opinion, this modified procedure of esophageal 
SEMS implantation is a convenient alternative to the tra-
ditional procedure, with sedation provided by an anes-
thesiologist and the use of gastroscopy, or to the more in-
vasive microjejunostomy or gastrostomy, in patients with 
esophageal stenosis and dysphagia from cancer, prevoiusly 
confirmed using gastroscopy (performed in other clinics 
as a part of a diagnostic work-up), especially in centers with 
limited access to endoscopy.

This simplified procedure of SEMS implantation is per-
formed without an anesthesiologist or gastroscopy, and 
in consequence, is less expensive for the healthcare sys-
tem. The technique is quite simple for qualified vascular 

surgeons, angiologists and interventional radiologists. 
It may be utilized in medical centers with limited access 
to gastroscopy. A quite similar approach has recently been 
described by Zhang et al.7 as a simple fluoroscopic meth-
od of SEMS insertion performed in 36 patients with dys-
phagia and fistula caused by esophageal carcinoma. They 
did not report clinically significant complications during 
or after the procedure.

Both our observations and those by Zhang et al.7 have 
proven the efficacy and safety of this procedure. Therefore, 
it seems that this method may be applied in other facilities 
even without large prospective, multicenter studies. We do 
not suggest that this method is better than the traditional 
approach. Certainly, endoscopic control has its advantages, 
e.g., direct identification of the residual lumen and evalu-
ation of the stricture, which should ensure greater safety 
of the procedure. It should be stressed that in all of the pa-
tients in our study, endoscopy had already been performed 
in clinics which were unable to perform SEMS implanta-
tion, referring the patients to our center.

Esophageal brachytherapy is considered to be a suit-
able alternative to SEMS implantation, possibly providing 
a longer duration of improvement in symptoms and bet-
ter quality of life8; however, the improvement in narrow 
stenosis can be achieved faster with SEMS implantation.9 
In addition, esophageal stenting may be combined with 
brachytherapy10 or stents loaded with 125iodine seeds11 

Fig. 1. The upper and lower borders 
of the stenotic canal are marked using metal 
forceps fixed to the patient’s skin (upper-
left panel). Fluoroscopy (upper-right panel) 
after stent placement in a patient with 
an esophageal tumor infiltrating the trachea. 
Computed tomography after self-expanding 
metal replacement in a patient with stenosis 
recurrence (lower-left and -right panel)
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in patients with at  least a three-month life expectancy 
in order to prevent restenosis. Nevertheless, in general, 
the majority of  these palliatively treated patients have 
a short life expectancy, with a relatively low risk of re-
stenosis. From our group of patients, with a mean peri-
od of survival of 76 days, a single patient developed re-
stenosis and required re-stenting. We did not observe 
stent migration, which is more typical of covered stents,12 
or other late complications (defined as events occurring 
at least 2–4 weeks after stenting) such as bleeding, per-
foration, gastroesophageal reflux disease, or chronic tho-
racic pain, which were previously reported after SEMS 
implantation.13

Conclusions

The simplified method for SEMS implantation described 
herein may be considered an option in palliative treat-
ment for patients with malignant dysphagia in the course 
of  esophageal and bronchial cancers and poor perfor-
mance status, especially in centers with limited access 
to endoscopy.
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Abstract
Background. The research of extracellular matrix stent (ECM) has made some progress in the repair 
of urethra and bladder defects.

Objectives. To observe the effects of highly bioactive ECM scaffold on the regeneration and repair of defects 
in long-segment ureteral replacement.

Material and methods. An animal model of long-segment ureteral defect was established and four-layer 
tubular highly bioactive ECM materials were prepared. After the ureteral defect was repaired through surgery, 
the rabbits in the negative control group were administered a non-bioactive stent, and rabbits in the observa-
tion group were treated with an ECM stent.

Results. Comparison of macro-indicators: The negative control group had a higher infection rate, a lower 
survival rate and more complications than the observation group (p < 0.05). The frequency of ureteral peri-
stalsis in the negative control group was lower than in the observation group. In addition, the rate of urinary 
dysfunction was higher, and the ratio of ureteral diameter was lower in the negative control group than 
in the observation group (all p < 0.05). Comparison of histopathology: Three months after the operation, 
the vascular, smooth muscle and mucous membrane of the ureter in the observation group regenerated 
to close to normal ureteral tissue. There was no significant difference between the ureter regeneration 
in the repair area and the normal ureter tissue in the observation group 3 months after the operation. The num-
ber of regenerated muscle fibers in the observation group was significantly higher than that of the negative 
control group. Compared with the negative control group, the fibrous capsule was thicker, the percentages 
of CD31, CD3, CD68, CD80+, and CD163+ were higher, the scope of new smooth muscle fiber was expanded, 
fusion with the host muscle fibers was higher, and the neuromuscular junction (NMJ) structure was stronger 
in the observation group (all p < 0.05).

Conclusions. A highly bioactive ECM stent can better regenerate the local anatomical structure and physi-
ological function.

Key words: extracellular matrix, ureteral defect, high biological activity, regeneration and repair
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Introduction

There are many factors that can lead to  the  defect 
of ureteral function and anatomical structure. At pres-
ent, for ureteral defects larger than 2  cm, the  colon 
or bladder muscle flap is mainly used as a substitute, 
or even directly treated with the kidney transplantation.1 
However, these treatment methods are always accom-
panied by many complications, so it  is urgent to  find 
other repair techniques. The  main purpose of  tissue 
engineering research is to repair and reconstruct dam-
aged or non-functional organs. At present, great progress 
has been made in  the reconstruction of urethras and 
bladders with tissue engineering scaffold materials.2,3 

With the development and maturity of bioengineering 
technology, the extracellular matrix (ECM) has become 
important in the repair of urethra and bladder defects.4 
The higher physiological requirements of the ureter than 
those of  the bladder or urethra, a  regenerated ureter 
should be free of urine leakage, stone formation, anas-
tomotic stenosis, and inelasticity, and should be con-
sistent with the host’s ureteral peristalsis rhythm has 
largely limited the research of ECM material in ureter 
regeneration.

Although some studies have proposed that the ECM 
plays an  important role in  the  repair of ureteral de-
fects, research on how to make full use of its functions 
to promote injury repair and clinical transformation 
is still lacking. Our group has developed a highly bio-
active ECM stent which is able to retain at  least 60% 
of the bioactive components in the natural ECM, thus 
improving the anti-infectivity and reducing the  loss 
of elasticity in the repair area.5 The ECM stent contains 
a variety of bioactive factors and more than 90% type 
I and type III collagen. After transplantation, it can be 
effectively degraded to produce a large number of ac-
tive peptides, which increases its antibacterial ability. 
Therefore, the present study further applies it to ani-
mal models, discusses the changes in histopathology 
microscopically and the changes of ureteral dynamic 
function macroscopically, and explores the  influence 
of highly bioactive ECM materials on ureteral regenera-
tion, striving for a breakthrough in the field of ureteral 
regeneration.

Material and methods

Experimental animal subjects

A total of 48 male adult New Zealand rabbits, weighing 
2.0–3.0 kg (average: 2.68 kg), were provided by the experi-
mental animal center of Zhejiang University, Shaoxing, 
China. During the experiment, the animals were treated 
according to the requirements of animal ethics.

Establishment of long-segment ureteral 
defect animal model

The rabbits were anesthetized using general pentobar-
bital sodium (30 mg/kg) through the ear vein. The re-
lated operation area was sterilized and paved with a sterile 
sheet. Through the posterior peritoneum channel, a blunt 
separation was carried out in the muscular space along 
a left straight incision of the spine. The upper and middle 
ureters were found and separated along the psoas major 
muscle, and sections of ureters with a length of 1.0 cm 
were excised. 

Preparation of the highly bioactive 
ECM tubular stent

Fresh pig jejunum (warm ischemia time <10 min) was 
rinsed in  phosphate-buffered saline (PBS) and added 
to a Hanks solution at 4°C. The  serous layer, mucosal 
layer and muscular layer of jejunum were removed using 
mechanical force, and the residual cell components were 
washed using double-distilled water to obtain the porcine 
small intestinal submucosa (P-SIS). Then, the P-SIS was 
stirred in 0.5% pancreatin + 0.5% EDTA for 10 h, washed 
with PBS and double-distilled water to remove the pan-
creatin, immersed in phenol chloroform and methanol 
(volume ratio: 1:3), and immersed in the fume hood for 
12 h (the liquid was changed every 3 h). Finally, PBS and 
double-distilled water were used to clean the  residual 
reagent.

The P-SIS was immersed in 2.5% SDS for 16 h, then 
rinsed with PBS and double-distilled water to  remove 
the SDS. After that, the P-SIS was added to 10% ethanol 
containing 0.8% peracetic acid (PAA), and it was rinsed 
with PBS and double-distilled water to remove the PAA.

An FR 3.0 double-J tube (Huasheng Medical Materials 
Co., Ltd., Jiangsu, China) was used as an inner support, 
and P-SIS was made into a tubular material with a spe-
cific diameter, which was overlapped with 4 layers using 
the vacuum lamination method. It was then dried com-
pletely at −120°C in a freeze-drying machine, and sterilized 
with ethylene oxide in sterilized paper plastic bags.6

Experimental grouping

A total of 48 rabbits were randomly divided into a nega-
tive control group and an observation group (24 rabbits 
in each group). In the negative control group, the 2.0-mm 
diameter silica gel double-J tube was used as a stent with 
one end placed in the renal pelvis and the other end placed 
inside the bladder. Transplantation was conducted with 
the same length of a non-bioactive stent. The upper and 
lower ends of the ureter were anastomosed with the non-
bioactive stent using 9-0 absorbable sutures under mi-
croscope. In the observation group, the 2.0 mm diameter 
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silica gel double-J tube was used as a stent with one end 
placed in the renal pelvis and the other end placed inside 
the bladder. Transplantation was conducted with the same 
length of tubular highly bioactive ECM stent. The up-
per and lower ends of the ureter were anastomosed with 
the ECM stent using 5-0 absorbable sutures under micro-
scope. Four or 5 stitches were sutured at each end, and 
the subcutaneous tissue and skin were sutured intermit-
tently with 3-0 silk thread. An intramuscular injection 
of 1.6 million units of penicillin was administered intra-
operatively in order to prevent infection during the opera-
tion (Fig. 1).

Observation index

Macro indicators

The infection and survival rates were recorded at 2 weeks 
and 1, 2, 3, 4, and 6 months postoperatively. The incidence 
of hydronephrosis, renal function damage, ureteral stric-
ture, and urinary leakage were studied using pyelography 
after removal of the double-J tube. The peristalsis and mic-
turition functions of the ureter were also observed. The dy-
namic function of the ureter was evaluated by the diameter 
ratio of the 2 ureters at the same stage.

Histopathological index

The hematoxylin & eosin (H&E) staining results were 
checked at 2 weeks and 1, 2, 3, 4, and 6 months postopera-
tively, and the number and structure of ureteral regener-
ated muscle fibers were observed under electron micro-
scope. Immunofluorescence staining was used to detect 
the cell–material response, including surrounding tissue 
wrapping (thickness of the fibrous capsule), the percent-
age of vascularization (CD31), infiltrating cells (CD3 and 
CD68), and monocyte macrophages (CD80+ and CD163+). 
The material remodeling and regeneration of intima and 
smooth muscle innervation were detected. Each group had 
4 animal subjects at each time point.

Detection methods

Intravenous pyelography

The double-J tube was removed and intravenous py-
elography was conducted. After the anesthesia took ef-
fect, the rabbits were fixed on the X-ray examination ta-
ble to establish the venous access. An injection of 20 mL 
of 60% meglumine diatrizoate was made intravenously 
and an abdominal flat film was taken 5 min, 10 min and 
20 min later. The incidence of hydronephrosis, renal func-
tion damage (serum creatinine level at least 2 times higher 
than the baseline value), ureteral stenosis, and urinary 
leakage was examined. The peristalsis and micturition 
functions of the ureter were observed, and the dynamic 
function of the ureter was evaluated by the ratio of the di-
ameter of the 2 ureters at the same stage.

Examination of ureteral dynamic function

The whole ureter of both sides was excised, the distal 
side was ligated and the proximal one was connected with 
the infusion tube perfusion system. The ureter was per-
fused with 60 cm H2O pressure, and the ratio of the diam-
eters of the 2 ureters at the same stage was used as the ob-
servation index. The results were automatically read out 
using the own software of the system (Urodynamic Ana-
lyzer; MMS, Enschede, the Netherlands).

Tissue section and pathological analysis

The normal ureteral tissue and ureteral tissue repaired 
using ECM were made into paraffin sections. For H&E 
staining, the sections were washed with distilled water, 
stained with hematoxylin solution for several minutes, de-
colorized with acid water and ammonia water, dehydrated 
with an alcohol gradient, stained with eosin, sealed with 
xylene, and observed under a microscope. For immuno-
fluorescence staining, the sections were washed in PBS 
and incubated in Tris-buffered saline (TBS) containing 

Fig. 1. Process of the operation: (A) establishment of the ureteral injury animal model; (B) implantation of the inactive stent; (C) implantation of the highly 
bioactive stent
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0.1% Triton X-100 + 0.1% calf serum protein for 20 min. 
The antigen repair buffer (100 mM of Tris and 5% urea; 
pH: 9.5) was added and heated at 95°C for 10 min, then 
washed with PBS. The cells were incubated with PBS with 
Tween® 20 (PBST) containing 1% bovine serum albumin 
(BSA) and 22.52 mg/mL of glycine for 30 min to block 
the antibody; then, they were washed with PBS. After being 
incubated with monoclonal antibody against CD31, CD3, 
CD68, CD80+, CD163+, and muscle fiber (Sigma-Aldrich, 
St. Louis, USA), the cells were washed with PBS and in-
cubated with corresponding fluorescence labeled second-
ary antibodies (Sigma-Aldrich). Four slices were studied 
in each animal and 4 animals were randomly selected from 
each group. Four visual fields were taken from each slice 
and observed under laser confocal microscope. The results 
were calculated as average values.

Statistical analysis

The IBM SPSS v. 20.0 statistical software (IBM Corp., 
Armonk, USA) was used for the  statistical analysis. 
The measurement data is expressed as means ± standard 
deviation (SD). The t-test of independent samples was used 
for intergroup comparisons. The numerical data is ex-
pressed using number of cases (percentage), and a χ2 test 
was used for comparison between groups. P-values <0.05 
indicated statistically significant differences.

Results

Comparison of infection and survival rate 
between the 2 groups

With the prolongation of the observation time, the in-
fection rate increased and the  survival rate decreased 

in the negative control group; there was a significant dif-
ference compared with the observation group (p < 0.05) 
(Table 1).

Comparison of ureteral function 
between the 2 groups

The incidence of hydronephrosis, renal function dam-
age, ureteral stricture, and urinary leakage in the negative 
control group increased and was significantly higher than 
in the observation group (p < 0.05). The frequency of ureteral 
peristalsis and the ratio of ureteral diameter in the negative 
control group were lower than in the observation group; 
the  incidence of  urinary dysfunction was higher than 
in the observation group (p < 0.05). (Table 2 and Fig. 2,3).

Hematoxylin & eosin staining

The histopathological examination revealed that, com-
pared with the  negative control group, the  repair area 
of the ureter in the observation group covered the epithelium. 
Additionally, with the passage of time, the ureteral blood ves-
sels, smooth muscle and mucosa regenerated more and were 
arranged more regularly (Fig. 4). The thickness of the epi-
thelium was increased and the number of blood vessels was 
higher at each time point than in the negative control group.

Regenerated muscle fiber  
and cell–material reaction of the ureter

Compared with the negative control group, the number 
of regenerated muscle fibers of ureters in the observation 
group increased noticeably as observed under electron 
microscope, the fibrous capsule was thicker, the percent-
ages of CD31, CD3, CD68, CD80+, and CD163+ were higher, 
the scope of synovium fiber was greater, fusion with host 

Table 1. Comparison of infection and survival rate between the 2 groups

Groups Negative control group 
(n = 24)

Observation group 
(n = 24) χ2 p-value

Six-month infection rate 6 (25.0%) 1 (4.2%) 5.400 0.020

Six-month survival rate 17 (70.8%) 22 (91.7%) 4.547 0.033

Table 2. Comparison of ureteral function between the 2 groups

Groups Negative control group (n = 24) Observation group (n = 24) t/χ2 p-value

Hydronephrosis 1 1 0.000 1.000

Renal function damage 3 1 0.000 1.000

Ureteral stricture 3 1 0.000 1.000

Urinary leakage 2 0 0.000 1.000

Total incidence 9 (37.5%) 3 (12.5%) 4.448 0.007

Ureteral peristalsis frequency [times/h] 1.2 ±0.3 1.6 ±0.4 3.452 0.003

Urethral dysfunction 7 (29.2%) 1 (4.2%) 5.365 0.015

Ureter diameter ratio 0.6 ±0.3 0.8 ±0.3 3.265 0.006
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muscle fibers was higher, and the number of neuromus-
cular junction (NMJ) structure increased (all p < 0.05) 
(Table 3 and Fig. 5).

Discussion

In this study, a rabbit model of long-segment ureteral 
defect was established and 4 layers of tubular highly bio-
active ECM materials were prepared. The results showed 
that the ECM material group had a lower infection rate, 
a higher survival rate, a lower incidence of hydronephro-
sis, renal function damage, ureteral stricture and urinary 
leakage, a higher frequency of ureteral peristalsis, a de-
creased incidence of ureteral dysfunction, and improved 
ureteral dynamic function. These results indicate that 
it is feasible to repair a ureteral defect with ECM material. 
The mechanism of action may be related to the following 
aspects:Fig. 3. General view of bilateral kidneys and ureters 3 months after 

operation

Fig. 2. Comparison of ureteral function 
between the 2 groups through 
gross observation of the kidney 
and ureter. (A) Negative control 
group: the ureter of the affected side 
adheres to the surrounding tissue, 
and the materials in the repair area 
are systematized. (B) Observation 
group: there was no difference 
in the appearance of the kidneys 
on the 2 sides; the arrow indicates 
the repair area

Table 3. Comparative study on the cell–material reaction of ureteral regenerated muscle fibers (per high-power field)

Groups Negative control group Observation group t p-value

Cases 4 4 – –

Number of regenerated muscle fibers 2.6 ±0.9 3.5 ±1.1 3.625 0.02

Thickness of fibrous capsule [μm] 10.8 ±5.4 12.3 ±5.6 3.321 0.024

CD31 [%] 26.7 ±8.4 35.6 ±9.4 15.632 0

CD3 [%] 24.6 ±7.9 32.4 ±8.6 10.254 0

CD68 [%] 36.9 ±13.5 41.2 ±12.3 14.528 0

CD80+ [%] 23.5 ±11.3 29.8 ±10.2 9.635 0

CD163+ [%] 24.5 ±12.2 30.6 ±9.5 8.524 0

Number of newborn smooth muscle fibers 2.5 ±0.8 3.2 ±0.9 3.065 0.031

Number of neuromuscular junctions 2.1 ±0.7 2.6 ±0.8 2.968 0.035
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1. The ECM does not contain high-antigenicity cell com-
ponents obtained through special decellularization, and 
only retains low antigenic substances such as collagen, 
proteoglycan, glycoprotein, etc., which tend not to lead 
to rejection after transplantation.

2. This operation retains a complete three-dimensional 
space for cell survival and a full range of bioactive ingredi-
ents, which are conducive to cell nutrition, gas exchange 
and waste discharge.6–12

3.  In addition, ECM can ensure enough biomechanical 
strength to meet the needs of tissue repair and recon-
struction, can attract and regulate the growth and differ-
entiation of host cells in the scaffold, and can form new 
self-tissue to complete the specific repair and functional 
recovery from defects.13–17

The transplanted stent needs not only to reduce the ab-
normal immune rejection and tissue proliferation, but also 
to promote a normal connection between an ECM stent 

and the surrounding normal ureteral tissue cells, and to in-
crease vascularization.18–20 The percentages of surround-
ing tissue wrapping, vascularization, infiltrating cells, and 
monocyte macrophages are commonly used to  reflect 
the intensity of cell–material reaction between the stent 
and surrounding normal ureteral tissue. Our histopatho-
logical observation showed that there was no significant 
difference between the ureter regeneration in the repair 
area and the normal ureter tissue in the observation group 
after 3 months of treatment. Under the electron micro-
scope, we found that the number of regenerated muscle 
fibers in the ureters had increased significantly, the thick-
ness of the fibrous capsules had increased, the percentage 
of CD31, CD3, CD68, CD80+, and CD163+ had increased, 
the scope of new smooth muscle fibers had expanded, 
and the NMJ structure had increased (p < 0.05). Then, 
the stent was replaced by ureteral tissue 6 months after 
operation. Histological observation showed the growth 

Fig. 5. Immunofluorescence detection of cell–material reaction in each group. Muscle fibers, CD31- and NMJ-positive shown in green; CD3-, CD68-, CD80+-, 
and CD163+-positive shown in red. The fluorescence intensity of the above index in the observation group was higher than that of the negative control group

Fig. 4. H&E staining (×100); (A–D) epithelial regeneration was seen in the observation group 1, 2, 3, and 6 months after operation; (E–H) epithelial 
regeneration was seen in the control group 1, 2, 3, and 6 months after the operation
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of a transitional epithelium and ureteral myometrium, 
a large number of blood vessels, and no inflammatory cells. 
These results are generally consistent with those of other 
studies.21 They also show that the highly bioactive ECM 
scaffolds prepared by us are compatible with the surround-
ing tissues.

Conclusions

In conclusion, a highly bioactive ECM stent can be used 
to repair a ureteral defect effectively by regenerating local 
anatomical structure and physiological function, as an ide-
al material for ureteral reconstruction. However, we have 
not verified whether the highly bioactive ECM scaffold 
decomposes after replantation in vivo, and whether it also 
has certain promoting activity in local cells in vivo.
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