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Atmospheric conditions and the 
occurrence of out-of-hospital cardiac 
arrest in Poland — preliminary analysis  
of poorly understood phenomena

AbstrAct
Background: The aim of this study was to investigate numerous daily weather conditions and the inci-

dence of out-of-hospital cardiac arrest (OHCA) in the moderate climate of Poland. The authors particularly 

wanted to examine yet poorly explored individual atmospheric parameters that may presumably influence 

the incidence of OHCA.

Methods: The retrospective analysis of OHCA cases based on dispatch cards from Emergency Medical 

Centre in Opole, Poland covering 2 years (2006–2007). Total of 815 adults with presumed cardiac aetiology 

of OHCA was included. 

Results: The mean age of the group was 69,2 ± 14,2 years, with the majority of men (63%). No statistically 

significant differences were found in the incidence of OHCA regarding analysed weather conditions. In 

the subgroup of men, the incidence of OHCA was higher on days with the atmospheric pressure increase 

between consecutive days (p = 0.028) with the highest prevalence on days with pressure increase less 

than 5 hPa (p = 0.026). In a group of patients ≤ 65 years old the incidence of OHCA was the highest on 

days with day-to-day pressure change between 0.1 and 4.9 hPa (p = 0.025).

Conclusions: Among many weather parameters, only a few of them might be significant for the occurrence 

of OHCA in the moderate climate of Poland. In the population of men and patients ≤ 65 years old the 

incidence of OHCA may be influenced by atmospheric pressure changes.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a consid-
erable health problem worldwide. Although the recent 
studies presented that the survival rate has improved 
[1–2] it is still low, ranging from 8% in the USA to 10,7% 
in Europe [3–4]. The majority of OHCA events (70–85%) 
have a cardiac aetiology and there are well-established 
patient-related risk factors such as age, sex, body 
weight, medical history of cardiac disease and comor-
bidities [5]. However, some environmental factors are 
also reported to be related to the incidence of OHCA [6]. 
It has been reported that sudden cardiac arrest follows 

a chronological pattern [7–8]; for example, a seasonal 
variability was observed with a  higher incidence of 
events noticed during winter [9]. Some studies have 
also revealed an association between atmospheric 
conditions and cardiac acute events in different geo-
graphical regions. There is a  considerable evidence 
that extreme temperatures and sudden temperature 
changes increase acute cardiac events rate [10–14]. 
Presumably, not only the absolute temperatures are 
essential but day-to-day or month-to-month temperature 
changes could also have a potential significance. The 
other studies have found an association between atmo-
spheric pressure and changes in arterial blood pressure 
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or the incidence of acute coronary deaths [15–16]. To 
date, Polish experience is not well represented in this 
particular field. Poland lies in a moderate climate zone 
with mixed continental and oceanic influences and it 
evidently differs from other countries located not only 
in equatorial or subtropical climate, but also European 
ones. Recently we explored the monthly and seasonal 
variation of OHCA occurrence with respect to seasonal 
temperature and this is the first report among polish 
ones [17]. Potentially, advancing the knowledge about 
weather-related factors influencing OHCA occurrence 
in our climate may facilitate the development of man-
agement strategies aimed at improving the survival. 

Therefore we aimed to investigate daily weather con-
ditions and the incidence of OHCA of cardiac aetiology 
among the adult population of Opole district, Poland. In 
particular, we examined yet poorly explored individual 
atmospheric parameters that may possibly influence 
the incidence of OHCA, selecting the following: daily 
mean temperature, mean relative pressure, mean rela-
tive humidity, daily mean cloudiness, daily rainfall, daily 
snowfall, daily sunshine duration, storm occurrence, 
and day-to-day changes in mean temperature, mean 
relative pressure and mean relative humidity.

Methods

We performed a retrospective analysis of dispatch 
cards from Emergency Medical Services (EMS) in 
Opole (Poland) covering a 2-year period from January 
1st, 2006 to December 31th, 2007. Dispatch cards were 
compatible with the Utstein template. Cards without 
data regarding the study criteria were not considered 
for the analysis. Opole district is located on the south 
of Poland and occupies 1683 km2. During the study 
period, it was inhabited by approximately 262 000 citi-
zens (47.8% of which were men). The district includes 
129 km2 of urban areas inhabited by 56% of the pop-
ulation [18–19].

During the analysed period, there were 47549 am-
bulance departures, including 870 (1.83%) departures 
due to OHCA. An OHCA was defined as an event with 
obvious cardiac arrest features that happened suddenly 
and unexpectedly and the mechanism of cardiac ar-
rest was set based on the first recorded heart rhythm: 
shockable [ventricular fibrillation (VF) or tachycardia 
(VT)] or non-shockable [asystole or pulseless electrical 
activity (PEA)]. Patients with traumatic OHCA (n = 47) 
and under 18 years old (n = 7) were excluded from 
the analysis. Patients with late signs of death, defined 
by the presence of decomposition, rigor mortis or livor 
mortis were also excluded. A total of 815 OHCA cases 
(406 subjects in 2006 and 409 in 2007) were selected 
for the study. 

Meteorological data

Meteorological data were obtained from the data-
base of the Institute of Meteorology and Water Man-
agement (Warsaw, Poland). The meteorological reports 
were available for each day and provided data regard-
ing mean temperature, mean relative pressure, mean 
relative humidity, mean cloudiness, rainfall, snowfall, 
sunshine duration, and storm occurrence. For further 
analysis day-to-day changes in mean temperature, 
mean relative pressure, and mean relative humidity 
were calculated.

Analysis of weather conditions and OHCA

Temperature changes. The differences in OHCA 
occurrence were examined both between days with 
positive and negative temperatures and between 
7 separate categories regarding the range of mean 
daily temperature [1) ≤ -5°C; 2) -4.9–0°C; 3) 0.1–5°C; 
4) 5.1–10°C; 5) 10.1–15°C; 6) 15.1–20°C; 7) > 20°C]. 
The OHCA occurrence was also investigated in relation 
to the increase or decrease of mean daily temperature 
between two consecutive days. Day-to-day temperature 
changes were divided into 6 categories (decrease over 
4°C, decrease between 3.9 and 2°C, decrease between 
1.9 and 0°C, increase between 0.1 and 2°C, increase 
between 2.1 and 4°C, and increase over 4°C).

Pressure changes. The pattern of OHCA occur-
rence regarding atmospheric pressure was explored 
among 9 categories [< 980.0 hPa and every 5 hPa up 
to > 1015 hPa] and in relation to the drop or growth 
of the atmospheric pressure between two consecutive 
days. Day-to-day pressure changes were also divided 
into 4 categories (decrease of 5 hPa or higher, decrease 
between 4.9 and 0 hPa, increase between 0.1 and 
4.9 hPa, increase of 5 hPa or higher). 

Humidity changes. Days were divided into quar-
tiles regarding mean daily humidity which revealed 
the following 4 categories: < 68.7%, 68.7–79.7%, 
79.8–87.7% and > 87.7%. Similarly to the abovemen-
tioned parameters the analysis of day-to-day humidity 
changes was performed. Firstly, the difference in OHCA 
occurrence between days with increase and decrease of 
humidity between two consecutive days was examined. 
Secondly, the analysis for 4 more specific categories 
was performed (decrease of 10% or higher, decrease 
between 9.9 and 5%, decrease between 4.9 and 0%, 
increase between 0.1 and 5%, increase between 5.1 and 
10%, and increase higher than 10%). 

Other parameters. Both precipitation amount (in 
millimetres) and rainfall duration (in hours) were divided 
into three categories (0.0 mm, 0.1 to 5 mm, > 5 mm 
and 0.0 h, 0.1 to 3 h, > 3 h respectively). The OHCA oc-
currence was also analysed regarding the incidence of 
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Table 1. Characteristic of atmospheric conditions in the 
considered period 

Table 1. Atmospheric conditions

Parameter Mean ± SD Range

Temperature (°C) 9.77 ± 8.51 -20.9 to 28.4

Pressure (hPa) 997.101 ± 8.34 972.6 to 1027.2

Humidity (%) 77.53 ± 12.56 39.4 to 100.0

Rainfall (mm) 1.49 ± 3.57 0.0 to 45.6

Rainfall duration (h) 1.86 ± 3.399 0.0 to 24.0

Sunshine duration (h) 5.28 ± 4.59 0.0 to 15.8

Days with a fall (%)

Rainfall 43

Snowfall  11.9

Storm 6.6

snowfall and storm. Sunshine and cloudiness duration 
during the day were presented in hours and grouped 
into 4 categories according to the quartile distribution. 

Statistical analysis

The normality of the distribution was verified using 
the Shapiro-Wilk test. Continuous variables are pre-
sented as means ± standard deviation and categorical 
variables as absolute frequencies and percentages. The 
comparison between two variables was performed 
with the Mann Whitney U test or appropriate t-Student 
test according to the distribution. For comparison of 
more than two variables, Kruskal-Wallis test or ANOVA 
was used regarding the normality of data distribution. 
The analysis of groups divided by gender (males 
vs. females) and age (≤ 65 years vs. > 65 years) was 
made. The two-sided p-value < 0.05 was considered 
significant. IBM SPSS Statistics version 23 was used to 
perform the analysis.

results

General characteristics

General characteristics of the studied population 
and detailed epidemiology of OHCA have been re-
cently published [17]. The majority of OHCA cases 
were men (63%, p = 0.0001) and people older than 
65 years (53.4%, p < 0.001). Mean value of OHCA per 
day was 1.12 ± 1.088. Non-shockable rhythm (asys-
tole, PEA) was diagnosed in 88.71% cases, whereas 
shockable rhythm (VF or VT) was present in 11.04% 
patients. Weather parameters are presented in Table 1. 

Over the study period of 730 days the mean daily 
temperature was 9,7 ± 8.51°C, ranging from -20.9°C 
to 28.4°C. Negative temperatures were noticed on 
13.7% of days. Comparison of mean daily tempera-
tures between two consecutive days revealed a drop 
in 49.2%, growth in 49.7%, and no changes in 1.1% of 
days. Mean daily temperature decreased maximally 
by 18°C and increased by 11°C in comparison with the 
previous day. The atmospheric pressure varied from 
972.6 hPa to 1027.2 hPa and the mean pressure value 
was 997.1 ± 8.34 hPa. After the analysis of day-to-day 
atmospheric pressure changes, we observed that pres-
sure decreased in 51% (maximal absolute decrease by 
17.8 hPa) and increased in 43.5% (maximal absolute 
increase by 21.5 hPa) of cases. The mean humidity 
during the study period was 77.5 ± 12.56%, ranging 
from 39.4 to 100.0%. The humidity decreased from 
day-to-day in 53.9% of cases and increased in 43.8%. 
Maximal drop between two consecutive days was 32.6% 
while 35.2% accounted for maximal growth. 

Meteorological parameters and OHCA occurrence 

The analysis of the entire study population revealed 
none statistically significant differences in OHCA occur-
rence regarding all examined individual meteorological 
parameters. Nonetheless, we noticed the differences in 
OHCA occurrence with respect to atmospheric pressure 
changes in men and a population of ≤ 65 years old. 
When male population is considered, higher OHCA 
incidence was observed when the day-to-day atmo-
spheric pressure increased (p = 0.028, Figure 1). The 
division into 4 specific categories (Figure 2) also showed 
a statistically significant pattern (p = 0.037). A day with 
pressure decrease less than 5 hPa presented the lowest 
median value of OHCA cases while the highest value 

Figure 1. Distribution of OHCA cases in men group 
according to increase or decrease of day-to-day pressure 
change
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meteorological parameters like positive/negative tem-
peratures (p = 0.08), storm occurrence (p = 0.07) or 
absolute humidity (p = 0.07). 

Similarly, we noted a tendency for OHCA to occur 
more often when the mean daily temperature increased 
between two consecutive days (p= 0.06).

Discussion

A substantial evidence of a temperature influence on 
cardiovascular events has been noted in studies from 
various countries, however, there are few studies that 
evaluated the associations between cardiac arrest and 
other multiple meteorological factors or their day-to-day 
change. This study is an attempt to describe various 
atmospheric conditions and the incidence of OHCA in 
the adult population of the southern region of Poland. 
According to the authors’ knowledge, this study rep-
resents the first Polish experience in this field regarding 
so many various atmospheric parameters, so far. 

The hypothesis of OHCA incidence being affected 
by temperature has been examined in studies across 
various countries. Extreme temperatures, both high 
and low have been identified to increase the risk of 
cardiovascular events. The authors’recently published 
study revealed a significantly higher incidence of OHCA 
in astronomical winter, which was the coldest season, 
in comparison to astronomical summer — the warmest 
one [17]. In terms of temperature-associated risk of 
OHCA, previous reports evaluated also the relation 
between day-to-day temperature change and cardio-
vascular morbidity and mortality. The most recent study 
by Vicedo-Cabrera et al.[20] conducted in 6 European 
cities suggested that there was no relationship between 
interday temperature variations and mortality. On the 
contrary, Plavcová et al. reported that among the Czech 
population a significant increase in mortality was found 
after a large temperature rise and a decrease in mortality 
after a temperature drop [21]. Also in a study by Cheng 
et al. a temperature increase between consecutive days 
had a significant adverse impact on mortality [22]. It 
was also presented in a study by Guo et al. in which 
a  significant change in temperature (particularly of 
more than 3°C), whether positive or negative, resulted 
in an increased cardiovascular mortality rate [23]. On 
the other hand, in a study from 2016 Onozuka et al. 
evaluated 271 698 OHCAs of presumed cardiac origin 
among Japanese population and reported that day-to-
day change in temperature was not associated with 
OHCA [24]. Also, the results of this study consistently 
indicated no significant differences. Despite a tendency 
to a higher incidence of OHCA on days with a tempera-
ture rise, particularly of more than 4°C, these results did 
not achieve any significance. 

Figure 2. Distribution of OHCA occurrence in day-to-day 
pressure change groups in men group

Figure 3. Distribution of OHCA occurrence in day-to-day 
pressure change groups in population ≤ 65 years. 

was observed in the group of pressure increase less 
than 5 hPa (p = 0.026).

With regard to the population of ≤ 65 years old, 
the division into 4 “day-to-day pressure changes” cat-
egories revealed significant differences (p = 0.025). 
Unlike in men group, the statistical significance was 
observed between days with pressure change up to 
5 hPa and days with the pressure increase more than 
5 hPa (p = 0.031) when more OHCA cases occurred on 
days with pressure change up to 5 hPa. Lower OHCA 
occurrence was observed in days with the pressure 
increase more than 5 hPa in comparison to days with 
less intense atmospheric pressure increase (p = 0.031). 
The median and interquartile range distribution is pre-
sented in Figure 3. P-values almost reaching statistical 
significance were observed in this population for other 
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The consequences of atmospheric pressure on 
cardiovascular morbidity and mortality have been 
studied less frequently and found contraindicating 
results. In terms of acute coronary syndromes (ACS), 
some did not find any relation between atmospheric 
pressure and the incidence of ACS [25–26] whereas 
others did. The MONICA Project, a large cohort study 
reported a V-shaped association between pressure and 
the incidence of coronary events [16]. In this study, 
both increases and decreases in atmospheric pressure 
were associated with an increase of daily coronary 
event rates. Wang et al. presented that the highest 
daily ACS events rate were observed on days with low 
pressure [27]. Another study by Houck et al. reported 
there was a significant correlation between a decrease 
in atmospheric pressure and the occurrence of ACS 
the day after a pressure decrease [28]. On the other 
hand, in a study among Swiss population Goerre et al. 
described a positive correlation between pressure and 
ACS [29]. In terms of OHCA pressure-dependence, 
a number of studies is even more limited. In a study 
among Japanese population, Tanigawa-Sugihara et al. 
reported a positive relationship between atmospheric 
pressure and OHCA incidence [30].

Among these inconsistent results, this study also 
showed no significant difference in OHCA occurrence 
with regard to average atmospheric pressure. Nonethe-
less, significant differences were noticed for day-to-day 
atmospheric pressure change and OHCA incidence. In 
a group of men and in a population of ≤ 65 years a pres-
sure rise between consecutive days resulted in a higher 
incidence of OHCA. These results are in opposition to 
those in the aforementioned study by Tanigawa-Sugiha-
ra et al. in which an increase in the difference of pressure 
from the previous day was associated with a decrease 
in OHCA events in elderly [30]. However, their study did 
not include gender separation and the population clas-
sified as elderly was of ≥ 75 years. This inconsistency 
among studies possibly results from undefined adverse 
influence of atmospheric pressure on the cardiovascular 
system. To establish a  cause-and-effect relationship 
more data are needed on the interaction between the 
pathophysiological mechanisms of the cardiac arrest 
and barometric pressure variations.

This study has several limitations. Retrospective and 
observational nature of this study are one of the main 
limitations. Another one is the difficulty in the assess-
ment of the precise time of event occurrence mainly due 
to the adopted methodology. The authors obtained daily 
meteorological data and merged them with the OHCA 
data, they did not know the exact weather conditions 
at the moment of cardiac arrest. It is also possible that 
meteorological parameters and their day-to-day change 
might have long-lasting delayed effectswhat is very diffi-
cult to assess. In addition, it was not possible to analyse 

the combinations of atmospheric conditions. This study 
is also limited by the fact that Opole district is a relatively 
small territory and might be insufficiently representative 
in terms of described phenomena. Thus, although the 
authors of this study consider their data valuable, it 
still should be taken with caution and require both the 
amplification and confirmation in larger-scaled studies.

conclusions

This preliminary analysis has shown that among 
many weather parameters, only a few of them might be 
significant for the occurrence of OHCA. It seems that 
in a moderate climate of Poland only the atmospheric 
pressure changes may have the potential to affect 
OHCA. More studies are needed to describe these 
interesting but still poorly understood phenomena. 
Although modest, the results of this work complement 
Polish experience in this particular setting.
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Background: Infections constitute a major problem for patients during oncological treatment or undergoing 

hematopoietic stem cell transplantation (HCT). 

Objective: The aim of the study was to analyze the epidemiology of viral infections in children during an-

ticancer therapy (PHO, pediatric haematology and oncology) or after HCT over a period of consecutive 

6 years in a single-centre study. 

Patients and methods: During this period, a total number of 182 HCTs were performed, and 306 children 

were newly diagnosed for malignancy. Incidence, hazard risk and outcome of infections were analyzed. 

Results: The cumulative incidence of viral infections was 61.7% in allo-HCT, 8.5% in PHO, and 4.1% in 

auto-HCT patients. The overall risk of viral infection in HCT patients was 17.3-fold higher (p < 0.0001) 

than in PHO patients. The risk was 30-fold higher for CMV and 63-fold higher for EBV, while the risk was 

comparable for influenza and adenovirus infection. Infections with polyoma BKV occurred only in HCT 

patients after allo-HCT. Factors contributing to increased risk of viral infections in allo-HCT patients both in 

uni- and multivariate analysis were: male sex, diagnosis of acute leukemia, alternative donor, CMV positive 

serostatus in recipient and/or donor, acute and chronic GVHD. All patients except two allo-HCT children 

survived viral infections. The cause of death were influenza and EBV-PTLD. 
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Introduction

Infections constitute a major problem for patients 
during oncological treatment or undergoing hematopoi-
etic stem cell transplantation (HCT). Children with ma-
lignancies (PHO, pediatric hemato-oncology/oncology 
diseases) and after HCT are at risk of viral infections due 
to an impairment of the immune system. Factors predis-
posing a child to infection include alterations in the body’s 
natural barriers, the presence of central venous catheters, 
intensive chemotherapy, alterations in the innate immune 
system and acquired immunity. Due to clinical reasons, in 
HCT setting viral infections are divided as latent (herpes-
viruses, polyoma BKV) and sporadic (adenovirus – ADV, 
rotavirus – RV, influenza – FLU and others).

In immunocompromised patients, viruses cause 
double negative: direct and indirect effects. The direct 
effect of the virus depends on its lytic infection, such as 
pneumonia, gastro-intestinal disease, retinitis, hepatitis 
and myelosuppression. Indirect effects of the virus 
include immunosuppression and facilitating of fungal 
and bacterial infections. In HCT patients, viral infections 
can also cause graft failure, graft rejection and GVHD 
(graft-versus-host disease). These effects are most 
prominent for CMV infection, however, can occur also 
after other viral infections.

In a single-centre study in the USA, infections occur 
in 82% of children after allogeneic HCT (allo-HCT) [1], 
and in 49% of children with acute leukaemia [2]. Viral 
infections occurred in 11% of children undergoing au-
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to-HCT [2], and after allo-HCT in 20% of children before 
day +30, in 18% between days +30 until +100 and in 
19% after day +100 [1]. Among all allo-HCT infectious 
deaths, 24% were caused by viruses [1], while deaths 
due to infections were rare after auto-HCT [2]. Infections 
with cytomegalovirus (CMV) was one of the major risk 
factors for death after HCT [3–4].

The objective of the study was to analyze the inci-
dence and outcome of viral infections in children during 
anticancer therapy (PHO, pediatric hematology and 
oncology) or after HCT over a period of consecutive 
6 years in a single-center study.

Patients and methods

Patients. All consecutive patients undergoing treat-
ment for malignant diseases (PHO patients) or undergo-
ing HCT, treated in the Department of Pediatric Hema-
tology and Oncology and in the Department of Pediatric 
Surgery were included in this study. Data on viral infec-
tions diagnosed between 1.01.2012–31.12.2017 were 
reported and analyzed. In 2012–2013 the study was 
retrospective and from 2014 prospective.

Diagnosis of viral infections. Viral infections were 
classified as episodic (diagnosed on the basis of the 
clinical picture, and supplemented with appropriate 
tests), or latent ones (requiring monitoring at the mo-
lecular level) [5–7]. The following viruses were detected 
by PCR analysis: adenovirus (ADV), polyoma BKV, 
cytomegalovirus (CMV), Epstein-Barr Virus (EBV), hu-
man herpesvirus 6 (HHV-6) and influenza (FLU). The 
preemptive approach was introduced for infections 
with two latent viruses: CMV and EBV, only in allo-HCT 
patients, according to ECIL recommendations [6–7].

Anti-infective prophylaxis. Uniform, standard an-
ti-infective prophylaxis has been applied for patients 
in neutropenia and those undergoing HCT [6–9]. Em-
pirical, preemptive or targeted anti-infectious therapy 
was performed with various antibacterial, antiviral and 
antifungal agents according to commonly accepted 
strategies [6–11]. Additionally, environmental prophy-
laxis was applied in all centres.

Management of viral infections. The preemptive 
approach was introduced only for infections with two 
latent viruses: CMV and EBV, and only in allo-HCT 
patients, according to European ECIL recommenda-
tions. Since there are no existing recommendations to 
perform any other preemptive strategy for other viruses, 
and in other settings, especially in non-transplanted 
patients - in most cases, the diagnosis of viral infection 
was made on the basis of clinically-driven testing.

Statistical analysis. The infectious event was 
defined as the diagnosis of a first specific infectious 
disorder. Categorical variables were compared with 
the chi-square test, non-categorical variables were 

compared with the Mann-Whitney U test. Hazard risk 
(HR) and confidence intervals (CI) were calculated for 
the difference in the occurrence of infections in pa-
tients. Cumulative incidences of viral infections were 
calculated using competing risk analysis [12], starting 
from the day of transplant in the HCT setting, or the day 
of cancer diagnosis in the PHO setting, to the day of the 
first infection. Death was considered as the competing 
event. The Kaplan-Meier method was used to determine 
infection-related mortality and overall survival (OS) [13]. 

Multivariate models for the development of viral 
infections were calculated using the Cox model. 
Variables analyzed in HCT patients included age 
(≤ 10 years, > 10 years), sex (female, male), donor 
source (MSD, MUD/MMUD), disease (acute leukemia, 
other), conditioning intensity (myeloablative, other), 
donor/recipient CMV serostatus (negative/negative, any 
positive), acute GVHD as a time-dependent covariate 
occurring before infection onset (grade 0/1, grade 
2–4), and chronic GVHD as a time-dependent covariate 
occurring before infection onset (no, yes). Use of ATG 
(anti-thymocyte globulin) was the variable dependent 
on alternative donor, as it was used almost exclusively 
in MUD/MMUD transplants. Variables analyzed in PHO 
patients included age (≤ 10 years, > 10 years), sex 
(female, male) and disease (acute leukaemia, other). 
The stepwise selection procedure was used to select 
significant covariates. All reported p-values are two-sid-
ed; p < 0.05 was considered as statistically significant.

results

Demographics

Over an analyzed period of 72 consecutive months, 
a total number of 306 PHO patients were newly diagnosed 
for malignancy, including 81 with acute lymphoblastic leu-
kemia (ALL), 10 with acute myeloblastic leukemia (AML), 
30 with non-Hodgkin lymphoma (NHL), 32 with Hodgkin 
disease (HD), 48 with central nervous system tumors 
(CNS), 13 with neuroblastoma (NBL), 15 with Wilms tu-
mor (WT), 12 with Ewing sarcoma (ES) and 51 with other 
solid tumors (ST). During this period, a total number of 
182 HCTs were performed including 133 allo-HCTs and 
49 auto-HCTs. Children were transplanted due to ALL 
(n = 54), AML (n = 3), NHL/HD (n = 17), bone marrow 
failure syndromes (BMF, n = 19), primary immunodefi-
ciencies (PID, n = 11), neuroblastoma (NBL, n = 66), 
Ewing sarcoma (n = 18) or other diseases (n = 69). 

Incidence of infections

The cumulative incidence of viral infections be-
tween 2012–2017 in PHO patients was 8.5% (95% CI  
= 5.4–11.6), while in auto-HCT patients it was 4.1% 
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Figure 1. Cumulative incidence of viral in PHO and HCT settings with respect to time periods: (A) 2012–2013;  
(B) 2014–2015; (C) 2016–2017; (D) 2012–2017 together

(95% CI = 1.5–9.6) and in allo-HCT, it was 61.7% (95% 
CI = 53.4–69.9). Respective values for subsequent 
two-years periods are presented in Figure 1. 

The risk of viral infection in HCT patients was 
17.3-fold higher (p < 0.0001) than in PHO patients 
(Table 1). The risk was 30-fold higher for CMV (95% 
CI = 10–86; p < 0.0001) and 63-fold higher for EBV 
(95% CI = 8–477; p < 0.0001), while the risk was 
comparable for adenovirus infection (HR = 0.9; 95% 
CI = 0.4–2.4; p = 0.86), and influenza (HR = 2.3; 
95% CI = 0.3–16; p = 0.39). Infections with BKV 
occurred only in HCT patients after allo-HCT. In PHO 
patients, infections with EBV and HHV6 occurred only 
at diagnosis, thus should be treated as related to pri-
mary malignancy. Multiple viral infections occurred in 
4/133 (3.0%) allo-HSCT patients. 

With respect to the type of transplant, the cumulative 
incidence of viral infections was much higher after al-
lo-HCT than after auto-HCT: 61.7% vs 4.1% (HR = 37.7, 
95% CI = 8.8–162; p < 0.0001).

Most of the viral infections occurred within the first 
three months, both after allo-HCT and in PHO patients 
after diagnosis of the malignancy. The median time to 
first viral infection was the same after HCT and in the 
PHO patients after diagnosis of malignancy: 36 days 
vs 36 days, p = 0.99. Due to sporadic infections after 
auto-HCT, the respective comparison was not done. 

The incidence of viral infections in allo-HCT patients 
has increased in the most recent period (Figure 2A). The 
most frequent viral infections among allo-HCT patients 
were: CMV, EBV, BKV and ADV (Figure 2B). The inci-
dence of ADV infections was comparable in these three 
settings (Figure 2C), however, most of ADV infections 
were detected over a recent period (Figure 2D).

Risk factors of infections in allo-HCT patients

Factors contributing to increased risk of viral in-
fections both in uni- and multivariate analysis were: 
male sex, diagnosis of acute leukaemia, alternative 
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Table 1. Hazard risk of infections after HCT compared to PHO patients with respect to time periods

Infections Total 0–30 days 31–100 days 101–180 days 181–365 days > 365  
days

Allo-HCT Total
 ADV
 BKV
 CMV
 EBV
 FLU

82
6

13
38
23
2

28
4
5

17
2
0

33
0
6

15
10
2

8
0
2
2
4
0

9
1
0
3
5
0

4
1
0
1
2
0

Auto-HCT Total
 ADV

2
2

1
1

0
0

0
0

1
1

0
0

PHO Total
 ADV
 CMV
 EBV
 FLU
 HHV6
 PB19

26
15
4
1
2
3
1

10
4
0
1
1
3
1

9
6
2
0
1
0
0

5
3
2
0
0
0
0

2
2
0
0
0
0
0

0
0
0
0
0
0
0

Hazard risk
(HCT vs PHO)

HR = 17.3
95% CI = 10.2–29

p < 0.0001

HR = 7.9
95% CI = 3.7–16.8

p < 0.0001

HR = 10.9
95% CI = 5–23

p < 0.0001

HR = 3.8
95% CI = 1.2–12

p = 0.0012

HR = 11.0
95% CI = 2.3–51

p = 0.0005

N/A

HR – hazard risk; CI – confidence interval; p – p-value; N/A – not applicable

Figure 2. Cumulative incidence of viral in PHO and HSCT settings with respect to time periods: (A) in allo-HCT; (B) for 
CMV, EBV, BKV and ADV infections; (C) for ADV infections in PHO and HCT patients between 2012–2017; (D) for ADV 
infections in PHO and HCT patients between 2016–2017.
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donor (other than matched family donor), CMV 
positive serostatus in recipient and/or donor, acute 
and chronic GVHD. Table 2 provides the results of 
a multivariate analysis comparing infections among 
the different risk factors (Table 2). Viral infections 
were also less likely after non-myeloablative or re-
duced-intensity conditioning however it did not reach 
statistical significance. 

Survival after viral infections

All PHO patients and all but two HCT patients sur-
vived viral infections. Two patients after HCT clearly 
died due to infectious complications: after influenza 
infection, and after EBV-PTLD. Nevertheless, several 
other patients with CMV reactivation proceeded to 
invasive fungal diseases and deceased. The treat-
ment and outcome of viral infections are shown in 
Table 3.

Table 2. Risk factor analysis for viral infections in allo-HCT patients

Variable Characteristics Univariate analysis Multivariate analysis

Frequency p-value RR 
(95% CI)

p-value

Sex Female
Male

25/51 (49.0%)
57/82 (69.5%)

0.018 1
2.3 (1.1–4.9)

0.029

Age < 10 years
> 10 years

40/67 (59.7%)
42/66 (63.6%)

0.640 1
1.1 (0.5–2.4)

0.770

Disease Other 
Acute leukemia

8/46 (17.4%)
74/87 (85.1%)

< 0.0001 1
27 (10–70)

< 0.0001

Donor MFD
other

11/33 (33.3%)
71/100 (71.0%)

< 0.0001 1
4.8 (2.1–11)

0.0002

Conditioning Myeloablative
Other

54/79 (68.4%)
28/54 (51.9%)

0.054 1
0.5 (0.2–1.1)

0.081

CMV serostatus 
(donor/recipient)

Both negative
Other

1/8 (12.5%)
81/125 (64.8%)

0.003 1
12 (1.5–108)

0.010

Acute GVHD No
Yes

57/102 (55.9%)
25/31 (80.6%)

0.013 1
3.3 (1.2–8.7)

0.023

Chronic GVHD No
Yes

64/113 (56.6%)
18/20 (90.0%)

0.004 1
6.9 (1.5–31)

0.009

GVHD – graft-versus-host-disease; MFD – matched family donor; RR – relative risk

Discussion

In this paper, we report the results of a single-centre 
study of the risk and outcome of viral infections in pedi-
atric HCT and PHO patients. All patients in respective 
groups were treated with the same therapeutic proto-
cols, using comparable principles of supportive therapy. 

The two main messages came from this study: first 
– that the risk of viral infections after allo-HCT is very 
high, especially for patients with acute leukaemia; and 
the second – that the outcome of viral infections in PHO 
and HCT pediatric patients is good. On the other hand, 
the risk of viral infections after auto-HCT is the same 
as it is during conventional chemotherapy for pediatric 
malignancies. 

The four viruses which show the highest incidence 
in allo-HCT patients are CMV, BKV, EBV and ADV. 
In comparison to results obtained in the report of 
a 2-year nationwide study of infections in pediatric 

Table 3. Viral infections in allo-HCT patients

 Infection N Age [years] 
(median, range)

Time to infection [months] 
(median, range)

Treatment Survival 
rate

CMV 38 10.7 (2.7–18) 1.1 (0.7–13.2) Ganciclovir, foscarnet, cidofovir 38/38

EBV 23 9.2 (2.4–18) 2 (0.8–13.0) Rituximab 22/23

BKV 13 12.7 (7.1–18) 1.3 (0.8–4.1) Cidofovir 13/13

ADV 6 7.4 (1.9–12.1) 0.9 (0.2–13.7) Cidofovir or symptomatic 6/6

FLU 2 9.3 (3.6–14.9) 1.7 (1.4–2) Oseltamivir 1/2
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hemato-oncology and stem cell transplant centres 
[14], it should be mentioned that the profile of viral 
infections in allo-HCT setting is comparable over cal-
endar time and similar with respect to other pediatric 
HCT centres [1]. 

The three viruses with the highest incidence in al-
lo-HCT patients belong to latent infections: CMV, BKV 
and EBV. Infections with these viruses are related to 
the impairment of recipient immune system, resulting 
mainly in a reactivation of latent infections in allo-HCT 
patients. Comparison of the incidence of viral infections 
in PHO, auto-HCT, and allo-HCT patients shows that it 
refers to the substantial differences in immunological 
impairment after allo-HCT. With the very high worldwide 
prevalence of CMV and EBV infection, these two viruses 
still remain major threats aggravating morbidity and 
mortality after allo-HCT [6,7,15–17].

It is currently estimated that the median rate of CMV 
reactivation is about 37% after allogeneic transplant and 
12% after autologous transplant, while 5% in patients 
with nontransplant haematological malignancies, 30% 
in solid organ transplant recipients, and 21% in patients 
with primary immunodeficiencies [18]. The summary of 
the published data shows that CMV disease occurred 
in 13.9% of CMV-seropositive recipients and in 1.7% of 
CMV-seronegative recipients of allo-HCT [18]. 

The median reported the incidence of EBV reactivation 
after allo-HCT is 29.4%, with the range between 0.1–63%  
and is largely dependent on the type of transplant, 
EBV assay sensitivity, defined level of EBV-DNA-emia, 
use of systematic screening, and its timing [19]. The 
overall incidence of EBV-related PTLD (post-transplant 
lymphoproliferative disorder) after allo-HCT is estimated 
to be 3.2% [16,19].

Infection with polyoma BKV occurs in 8–25% of 
pediatric and 7–54% of adult recipients undergoing 
allo-HCT. Age of the HCT recipient > 7 years is re-
garded as a risk factor for BKV reactivation [20]. CMV 
or human herpesvirus 6 (HHV6) viremia facilitates BKV 
hemorrhagic cystitis [21].

The reported frequency of invasive ADV infections 
in the allo-HCT setting is considerably higher in pedi-
atric patients (6–42%) than in adults (3–15%), but the 
clinical manifestations can be equally severe [22–23]. 
With these data, probably the incidence of communi-
ty-acquired respiratory viral (CARV) infections, including 
ADV, is underestimated in our centre, as just with the im-
provement diagnostics towards ADV over last two years, 
the incidence of ADV infections relatively increased.

Despite much progress in understanding the 
pathogenesis, epidemiology and risk factors of CMV, 
EBV, BKV, and ADV, infections with these viruses or 
their reactivations still represent a major unmet clin-
ical need with limited prophylactic and therapeutic 
options. To overcome this deficiency novel antiviral 

treatment approaches supported by proper clinical 
trials are necessary.
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rcAs1 and b7H4 
antigens immunoreactivity in 
squamous cell carcinoma of palatine 
tonsils and cancer microenvironment

AbstrAct
B7-H4 protein has been demonstrated to be over-expressed by various types of cancer cells. The level 

of expression of B7-H4 in these cancers is related to the type of cancer, its stage, and the number of 

Treg cells, and correlates with patient survival and might be a new therapeutic target. The major role of 

RCAS1 expression is to inhibit activated immune cells, such as T and B lymphocytes and NK cells, and 

to induce their apoptosis. It has also been postulated that RCAS1 is involved in the remodelling of the 

tumour microenvironment. 

The aim of the present study has been to evaluate RCAS1- and B7-H4-antigen immunoreactivity in squa-

mous cell carcinoma of the palatine tonsils and in the cancer microenvironment. For our study, we recruited 

30 patients with primary squamous cell carcinoma originating from the palatine tonsils. 
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results 

B7-H4 antigen was over-expressed in cancerous 
tonsillar tissue and was significantly higher in those pa-
tients with the presence of lymph node metastases. The 
immunoreactivity of B7-H4 in the cancerous tumour 
microenvironment was represented by macrophages 
and cancer-associated fibroblasts and was statistically 
significantly associated with the presence of lymph 
node metastases. RCAS1 antigen over-expression was 
identified in palatine tonsil squamous cell carcinoma 
cells and associated with the presence of lymph node 
metastases. 

conclusions 

Our study seems to indicate that both RCAS1- and 
B7-H4- immunopositive macrophages, together with 
B7H4 immunopositive cancer-associated fibroblasts, 

may play an important role in creating the suppressive 
profile of the tumour microenvironment of patients with 
tonsillar cancer.

Introduction

For a long time, it has been recognized by various 
pathologists that the tumour-associated inflammatory 
response promotes tumorigenesis as well as the pro-
gression of cancer. The presence of an aggressive 
tumour phenotype is related to the local infiltration of 
cancer cells and the potential to develop lymph node 
metastases. This phenotype is also associated with 
the intensity of creating the suppressive profile of the 
tumour microenvironment or the tumour cells that create 
the cancer microenvironment. This microenvironment 
determines the growth and progression of a tumour and 
initiates the ability to metastasize. The tumour stroma 
is infiltrated by immune system cells which represent 

mailto:mowicher@gmail.com
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the phenotype that supports tumour growth, such as 
tumour-associated macrophages (TAMs). It has been 
demonstrated that the suppressive phenotype of macro-
phages is linked with the expression of such membrane 
proteins as RCAS1 and HLA-G [1 –4]. The local invasion 
of cancer is associated with the process of cancer 
stroma remodelling and the epithelial to mesenchymal 
transition. During this process, the stromal fibroblasts 
change their phenotype into cancer-associated fi-
broblasts (CAFs). This change is related to different 
protein expression profiles. Recently, both RCAS1 and 
B7-H4 antigens have been observed to be expressed 
by CAFs and been associated with the clinical outcome 
of the disease [3, 5–7]. 

The B7-H4 molecule belongs to the B7 molecule 
family, which includes CD80 and CD86 along with 
the receptors CD28 and cytotoxic T-lymphocyte an-
tigen (CTLA-4). Its major role is to provide positive 
and/or negative co-signalling at the initiation stage of 
T-cell responses, in conjunction with a T-cell receptor 
(TCR)-mediated antigenic signal. B7-H4 mRNA is ex-
pressed in APCs, including brain, thymus, heart, lung, 
liver, stomach, intestinal tract, pancreas, prostate, 
ovary, placenta, urethra, skin, muscle, and bone cells 
[8]. Tumour-associated CD4+CD25+forkhead box 
p3 (Foxp3)+ Treg cells can trigger APCs, including 
macrophages, to produce both IL-6 and IL-10 (38). 
These cytokines stimulate macrophage expression of 
B7-H4, whereas GM-CSF and IL-4 inhibit it [7]. Interest-
ingly, since IL-4, IL-6, IL-10, and GM-CSF have not been 
found to regulate B7-H4 expression on tumour cells, the 
B7-H4 expression on these cells may be functionally 
distinct from that on APCs and may be differentially 
regulated. In accord with this, both Treg cells and 
macrophage B7-H4, but not tumour B7-H4, have been 
negatively associated with patient outcome. B7-H4+ 
tumour macrophages may be a novel suppressor cell 
population in ovarian cancer that can be therapeutically 
targeted [8 –12].

In recent studies, B7-H4 protein has been demon-
strated to be over-expressed by various types of cancer 
cells. The level of expression of B7-H4 in ovarian cancer, 
for example, is related to the type of cancer, its stage, 
and the number of Treg cells, and correlates with patient 
survival. In oral squamous cell carcinoma, B7-H4 was 
highly expressed, and the B7-H4 expression level was 
associated with the clinicopathological parameters of 
the patient’s cancer, such as the pathological grade and 
lymph node status. It was observed that patients with 
high B7-H4 expression had poorer overall survival com-
pared with those patients with low B7-H4 expression. It 
was also suggested that B7-H4 may be a potential target 
in the treatment of oral squamous cell carcinoma [12].

The major role of RCAS1 expression is to inhibit 
activated immune cells, such as T and B lymphocytes 
and NK cells, and to induce their apoptosis. RCAS1 is 

therefore responsible for tumour escape from the host 
immunological surveillance and the creation of immune 
tolerance for tumour cells [13–16]. The RCAS1 expres-
sion has been found in various malignant neoplasms 
and is related to the grade of the tumour, the stage of 
cancer, and the presence of lymph node metastases, 
as well as to a poorer prognosis. It has also been pos-
tulated that RCAS1 is involved in the remodelling of the 
tumour microenvironment in cases of uterine cervical 
cancer [17–20].

The aim of the present study has been to evaluate 
RCAS1- and B7-H4-antigen immunoreactivity in squa-
mous cell carcinoma of the palatine tonsils and in the 
cancer microenvironment (including stromal fibroblasts 
and the macrophages infiltrating the tumour) and to 
analyze its relation to both clinical and pathological pa-
rameters.

Materials and methods

The group of patients

For our study, we recruited patients with primary 
squamous cell carcinoma originating from the pala-
tine tonsils and selected 30 of them. In each of these 
patients, tissue samples were taken from both the 
carcinoma and the tumour microenvironment and 
then analyzed. The microenvironment, or stroma of 
the tumour, is defined as the surrounding 1cm2 of 
tissue that is macroscopically and histologically free of 
cancer infiltration.

For all patients, radical surgery of the tumour was 
performed along with lymphadenectomy. The patient’s 
consent was obtained in each case. Additionally, 
approval for the research program was granted from 
the Ethical Committee of the Jagiellonian University in 
Krakow: KBET/90/B/2005.

All the tissue samples were histopathologically 
verified. Pathological analysis, using the classical he-
matoxylin and eosin staining techniques after fixation 
in a formalin of the surgically removed material, was 
performed in the Pathology Department of the Jagiel-
lonian University by two experienced pathologists (R.T. 
and A.L.) working independently. The tissue material 
was then fixed in the solution of 10% formalin, rinsed, 
dehydrated, and transferred through a progressively 
increasing concentration of ethanol (from 50% to 
absolute alcohol); it was then passed through xylens 
I, II, and III as well as molten paraffin wax. Lastly, the 
tissue blocks were sectioned and placed onto 3-4 mm 
slides. The process was mainly automated, but both 
the paraffin embedding and the sectioning of the 
tissue samples into 3–4 mm slides were performed 
manually. Table 1 presents the characteristics of the 
patient group.
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reference group

As a reference group, we chose to collect palatine 
tonsils that had been removed from patients due to 
recurrent tonsillitis. In these tissue samples, we evalu-
ated the epithelium lining of the tonsils rather than the 
lymphoid tissue. The characteristics of the reference 
group are presented in Table 2. 

Immunohistochemical analysis

In the present study, we aimed to analyze the 
immunoreactivity levels of various antigens in squa-
mous cell carcinoma of the palatine tonsils and their 
stroma. We were also interested in the distribution of 
the antigen immunoreactivity throughout the tissue of 
a whole tumour, including the stroma. For this reason, 

Table 1. The characteristics of the patient group

Squamous cell carcinoma of the palatine tonsil

The number of patients
M*
W*

30
24
6

Age average
M*
W *

46–70 55.7
46–70 57.3
47–62 55.3

Stage
I
II
III
IV

1
9

16
4

The presence of lymph node metastases
N0
N+

24
6

Tumour size
T1
T2
T3
T4

5
16
7
2

Tumour grading
G1
G2
G3

2
18
10

*Abbreviations: M — men, W — women

Table 2. The characteristics of the reference group

Palatine tonsils 

The number of patients
M*
W*

20
10
9

Age range average
M*
W*

17–56 31.3
21–54 32.5
17–56 26.8

*Abbreviations: M — men, W — women

we chose the immunohistochemistry method for the 
present study. This is the only method that shows the 
actual architecture of the dialogue between a tumour 
and its stroma.

Three to four tissue samples were taken from each 
tumour, depending on the tumour size (if, for instance, 
the tumour was 1cm in diameter, then it was subject to 
further analysis). Each tissue sample was embedded 
in paraffin and formed into a tissue block which was 
then cut into tissue slides. All the tissue slides were 
further histopathologically verified and for the additional 
analysis, the most representative slides were selected 
to undergo immunohistochemistry (for the analysis of 
both a tumour and the stromal samples and in order to 
assess the tumour-stroma interaction).

Immunohistochemical analysis was performed in the 
Pathology Department of the Jagiellonian University. 
Five-micrometre slides from each case were deparaf-
finized, rehydrated, and rinsed in distilled water. Endog-
enous peroxidase activity was blocked by 8 minutes of 
incubation in 3% H2O2 at room temperature. The slides 
were then rinsed and immersed in a boiling citrate buffer 
(pH 6.0) in a microwave oven with three changes of 
buffer for 5 minutes each. In each case, immunohisto-
chemistry was performed applying the Envision method 
using DakoAutostainer. The samples were stained 
automatically. The immunohistochemical staining was 
based on antigen-antibody reaction. Microscopy was 
performed using an Axio Zeiss microscope, and the 
tissue slides were then evaluated under both 20x and 
40x magnification.

Four-micrometer sections from each case, mounted 
on organosilane-pre-treated slides, were stained to 
visualize the expression of both B7-H4 and RCAS1 in 
the various components: cancer cells, stromal cells 
(fibroblasts), and the cells of the inflammatory in-
filtrate reactive to cancer, including macrophages 
(macrophages are characterized by vesicular nuclei 
and distinct, relatively abundant cytoplasm). Previous 
immunostains with lineage-specific antigen CD68 for 
visualization of these cells (CD68, clone PG-M1;DAKO 
Denmark A/S, dilution 1:50, incubation for 30 minutes, 
after antigen retrieval in EDTA ph 8.0) proved helpful; 
the level of CD68 immunoreactivity directly corresponds 
with the number of macrophages identified by their 
morphological feature.

Prior to the application of the primary antibody, the 
slides for B7-H4 staining were incubated three times 
for 15 minutes in hydrogen peroxide plus absolute 
methanol to block endogenous peroxidase and sub-
mitted to 3% low-fat dried milk diluted 1:100 in PBS to 
perform the non-specific binding. For antigen retrieval, 
the sections were immersed in 10mM sodium citrate 
buffer, pH 6.2. The primary antibody, B7-H4 Antibody, 
rabbit polyclonal (Abbiotec; LLC, San Diego, CA, USA, 
Catalog No. 259473, for research only) was applied 
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in dilution 1:100. The slides were incubated with the 
primary monoclonal antibody in a humidified chamber 
for 1hr at room temperature. 

For RCAS1 immunostaining, the slides were pre-
pared in the same manner as mentioned above and 
submitted to immunohistochemical assay for the mouse 
monoclonal antibody Anti-RCAS1 (Medical and Bio-
logical Laboratories, Naka-ku Nagoya, Japan in DAKO 
Antibody Diluent with Background Reducing Compo-
nents-DAKO, Glostrup, Denmark, dilution 1:1000) in 
the humidified chamber overnight. A semi-quantitative 
interpretation of immunohistochemical results was car-
ried out by two observers, who, working independently 
of each other and having no knowledge of the clinico-
pathological data, reviewed the immunohistochemical 
expression of the B7-H4 antigen, RCAS1 antigen, and 
CD68-positive cells.

An average number of B7-H4- and RCAS1-antigen 
positive macrophages and fibroblasts (identified mor-
phologically) per 1 hpf (high power field) as well as the 
percentage of RCAS1 and B7-H4-antigen immunopos-
itive carcinoma cells were calculated. Macrophages 
and fibroblasts were evaluated in entire slides (at least 
10hpf in each case).

The RCAS1 and B7-H4 expression in the cancer 
cells was graded as follows:

0-lack of any positivity or expression in less than 
1% of the cells; +1-expression 1–10% of the carci-
noma cells; +2-positivity of 2–0% of the carcinoma 
cells; +3-expression in more than 50% of the carci-
noma cells.

statistical Analysis

The distribution of variables in the study groups of 
the patients checked with the use of the Shapiro-Wilk 
test showed that each of the patients was, in fact, dif-
ferent from normal. The statistical significance between 
the groups was determined by the Kruskal-Wallis test, 
one-way analysis of variance by ranks. The Mann-Whit-
ney U test was then used as applicable. All statistical 
analyses were carried out with the Statistica 8.0 software 
program. A p-value < 0.05 was considered indicative 
of statistical significance. 

results and Discussion

RCAS1

RCAS1-immunopositive cancer cells were identified 
in 65% of the examined tissue samples of squamous 
cell carcinoma of the palatine tonsils. RCAS1-immu-
nopositive macrophages were found in 40% of exam-
ined tissue samples of the cancer microenvironment. 
Statistically, significantly higher levels of RCAS1 was 
identified in cancer than in the microenvironment 
(p < 0.05) (Table 3). Statistically, significantly higher 
levels of RCAS1 immunoreactivity were detected in the 
cancer microenvironment of patients with the presence 
of lymph node metastases than in patients without such 
metastases (p < 0.05) (Table 4). Statistically significant-
ly higher RCAS1 immunoreactivity levels were found in 

Table 3. The levels of B7H4, RCAS1 and CD68 antigens immunoreactivity in carcinoma and stroma

Antigen Cancer-squamous cell carcinoma  
of the palatine tonsils

Stroma p-value

B7H4 2 (2) 1 (0) < 0.0001

RCAS1 2 (1) 0 (0) < 0.0001

CD68 1 (1) 2(2) < 0.0001

Table 4. The levels of B7H4, RCAS1 and CD68 antigens immunoreactivity in patients with respect to the presence of 
lymph node metastases 

Antigen N0 (n = 24)
Median
(O3-Q1)

N+ (n = 6)
Median
(O3-Q1)

p-value

Tumor
B7H4

2 (1) 2 (2) 0.01

Stroma Macrophages B7H4 0 (1) 1 (1) 0.04

Stroma Fibroblasts B7H4 0 (0) 1 (1) p < 0.001

Tumor
RCAS1

1 (1) 2 (1) p < 0.001

Stroma Macrophages RCAS1 0 (0) 0 (1) 0.01
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the tumour microenvironment of patients with G3 tu-
mours than in those patients with G1 and G2 tumours 
(p < 0.05) (Table 5). Moreover, statistically, significantly 
higher RCAS1 immunoreactivity levels were identified 
in the tumour microenvironment of patients with T3 and 
T4 tumours than in those patients with T1 and T2 tu-
mours (p < 0.05) (Table 6). Furthermore, a statistically 
significantly higher number of RCAS1-immunopositive 
macrophages in the tumour microenvironment were 
detected in patients with the presence of lymph node 
metastases (p < 0.05) (Table 4). 

B7H4

B7-H4-positive cancer cells were identified in all 
the tissue samples of palatine tonsil squamous cell 
carcinoma. Within the cancer microenvironment, B7-
H4 immunopositive macrophages were found in 60% 
of the cases, and B7-H4 immunopositive fibroblasts in 
85% of the cases. Statistically, significantly higher levels 
of B7-H4 immunoreactivity in the tumour were identified 
in patients with the presence of lymph node metastases 
than in those patients without such metastases. No sta-
tistically significant differences were identified between 
B7-H4 immunoreactivity levels and the tumour grade 
and size. A statistically significantly higher number 
of B7-H4-positive cancer-associated fibroblasts and 

macrophages was identified in those patients with 
the presence of lymph node metastases (p < 0.05). 
No statistically significant differences, however, were 
found between the B7-H4 immunoreactivity levels in 
cancer-associated fibroblasts and macrophages and 
the tumour size and grade.

CD68

CD68 immunopositive cells were identified in all the 
cancerous tissue samples and their tumour microen-
vironments. Statistically significantly higher number of 
CD68 positive cells was identified in the stroma than in 
cancer samples. No statistically significant differences 
were identified between the number of CD-68 immu-
nopositive cells and the clinicopathological parameters, 
including tumour size, tumour grade, and lymph node 
status (Table 3).

In the reference group of chronic tonsillitis tissue 
samples, an intensive B7H4 antigen immunoreactivity 
was observed in the epithelium of the palatine crypts 
(Figure 1A), but the surface epithelium of the palatine 
tonsils did not demonstrate B7-H4 antigen immuno-
reactivity (Figure 1B). Single cells within the tonsillar 
lymphatic nodules and intramodular space also demon-
strated B7-H4 antigen immunoreactivity (Figure 2). 
These cells were identified as macrophages. 

Table 5. The levels of B7H4, RCAS1 and CD68 with respect to the tumour grade

Antigen G1 + G2 (n = 20)
Median
(O3-Q1)

G3 (n = 10)
Median
(O3-Q1)

p-value

Tumor
B7H4

2 (2) 2 (2) NS

Microenvironment Macrophages B7H4 0 (1) 0 (1) NS

Microenvironment Fibroblasts B7H4 0 (0) 0 (0) NS

Tumor
RCAS1

1 (1) 2 (1) p < 0.001

Microenvironment Macrophages RCAS1 0 (0) 0 (0) NS

Table 6. The levels of B7H4, RCAS1 and CD68 with respect to the tumour size

Antigen T1 + T2 (n = 21)
Median
(O3-Q1)

T3 + T4 (n = 9)
Median
(O3-Q1)

p-value

Tumor 
B7H4

2 (2) 2 (2) NS

Microenvironment Macrophages B7H4 0 (1) 0 (1) NS

Microenvironment Fibroblasts B7H4 0 (0) 0 (0) NS

Tumor 
RCAS1

1 (1) 2 (2) p < 0.001

Microenvironment Macrophages RCAS1 0 (0) 0 (0) NS
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Figure 2. Scattered cells (macrophages) with B7H4 antigen immunoreactivity in tonsillar nodules and in intramodular 
space (stars). Magnification A-20x, B-40x

Figure 1. An intensive B7H4 antigen immunoreactivity in the epithelium of tonsillar crypts in chronic tonsillitis (arrows) 
and no B7H4 antigen immunoreactivity in the surface epithelium (stars) of the palatine tonsil. Magnification A-40x, B-20x

A B

A B

In the present study, we have shown that the B7-
H4 antigen was over-expressed in cancerous tonsillar 
tissue and was significantly higher in those patients 
with the presence of lymph node metastases. The 
immunoreactivity of B7-H4 in the cancerous tumour 
microenvironment was represented by macrophages 
and cancer-associated fibroblasts and was statistically 
significantly associated with the presence of lymph 
node metastases. The results presented remain in 
agreement with the study concerning oral squamous 
cell carcinoma, where B7-H4 antigen expression was 
significantly associated with pathological grade and 
lymph node status. Moreover, it was demonstrated 
that patients with high B7-H4 expression had poorer 
overall survival compared with those with low B7-
H4 expression, and it was suggested that B7-H4 could 

be a potential target in the treatment of oral squamous 
cell carcinoma [12]. All these findings suggest that 
B7-H4 antigen immunoreactivity by tonsillar cancer 
cells and microenvironment macrophages, together 
with cancer-associated fibroblasts, are related to the 
potential to develop metastases. In a meta-analysis, 
it was demonstrated that elevated B7-H4 is an inde-
pendent predictor of poorer overall survival in patients 
with solid tumours [21]. In ovarian cancer, Kryczek 
et al. have determined that ovarian cancer cells and 
tumour-associated macrophages express B7-H4 and 
inhibit TAA-specific T-cell proliferation, cytokine pro-
duction, and cytotoxicity [7]. The intensity of the B7-
H4 expression of the macrophages was associated with 
tumour-infiltrating Treg cells and negatively predicted 
patient survival.
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The studies on B7-H4 antigen over-expression in 
cancer cells and in the tumour microenvironment sug-
gest that B7-H4 over-expression reflects the growing 
resistance to the immune response by various mecha-
nisms. It has been shown that B7-H4 plays an important 
role in inhibiting CD4-positive and CD8-positive cell 
proliferation [22]. Chen et al. have demonstrated that 
B7-H4 participates in inducing cytotoxic lymphocyte 
apoptosis in patients with Lewis lung carcinoma [8]. 
B7-H4 stimulation was observed to induce cell cycle 
arrest in different phases and inhibited T-cells [22]. 
B7-H4 inhibited cytokine production and cytotoxicity of 
T cells [22]. Cancer-associated B7-H4 was resistant to 
T-cell mediated cytotoxic activity [23]. Various studies 
have recently demonstrated that the blockade of can-
cer-associated B7-H4 may enhance T-cell-mediated 
antitumor immunity, and this knowledge could lead to 
the formulation of a new therapeutic strategy for cancer 
treatment [9, 24–25, 26–29].

In the present study, B7-H4 antigen immunoreac-
tivity was also observed in the palatine tonsils taken 
from patients with chronic tonsillitis. Immunoreactivity 
was detected in the epithelium of tonsillar crypts and 
in the macrophages of lymph nodules as well as in 
intramodular spaces. The results confirmed that B7-
H4 has an important immunoregulatory role and that 
the region of stratified crypt epithelium, along with the 
lymph nodules and intramodular space in the palatine 
tonsils, is responsible for direct contact with antigens 
and the regulation of the immune response.

In the present study, RCAS1 antigen over-expres-
sion was identified in palatine tonsil squamous cell car-
cinoma cells and associated with the presence of lymph 
node metastases. RCAS1 is a poor prognostic factor in 
cases involving 15 different types of cancers [17]. In the 
present study, the number of RCAS1-immunopositive 
macrophages in the cancer microenvironment was sig-
nificantly associated with the presence of lymph node 
metastases. Similarly, Sonoda et al. have observed that 
RCAS1 expression in the tumour microenvironment 
correlates with the potential to develop metastases. In 
our earlier reports on head and neck (pharyngeal and 
laryngeal) cancer, RCAS1 over-expression in both 
a tumour and in the tumour microenvironment was also 
associated with the potential to develop metastases, 
confirming that RCAS1 is an indicator of poor prognosis 
in these tumors [2, 17, 20].

conclusion

Our study seems to indicate that both RCAS1- and 
B7-H4- immunopositive macrophages, together with 
B7H4 immunopositive cancer-associated fibroblasts, 
may play an important role in creating the suppressive 

profile of the tumour microenvironment of patients with 
tonsillar cancer. Furthermore, it also seems to show that 
the over-expression of B7-H4 in the microenvironment 
plays a significant role in promoting tumour progres-
sion and metastases. We have thus concluded that 
B7H4 may be an important factor in immune evasion in 
patients with tonsillar cancer. It would also seem to con-
stitute a new target for immunotherapy in such patients.
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AbstrAct
Background: According to the World Health Organization, recurrent miscarriage is defined as the loss of 3 or 

more consecutive early pregnancies, affecting 0.5% to 3% of pregnant women. According to clinical practice, 

it is recommended to perform a diagnostic investigation after two consecutive miscarriages in order to 

identify the reason for miscarriages. Despite numerous investigations, around 40–60% of recurrent preg-

nancy losses is still idiopathic. In the conducted research, the utility of the determination of serum protein 

fractions in the diagnosis of recurrent miscarriage was evaluated.

Material and methods: The study group consisted of 20 women (aged 36.12 ± 3.53) with recurrent miscarriage 

of undetermined aetiology. The control group comprised 20 non-pregnant women (aged 35.7 ± 3.28) who 

had given birth to healthy children at least twice. Blood serum collected by venipuncture was examined. 

Serum protein fractions were separated by electrophoresis in the SDS PAGE buffer system using a Mini 

PROTEAN 3 cell device. BioRad SDS PAGE Molecular Weight Standards covering a mass range of 6.5–200 

kDa were used as a reference. 

Results: Electrophoretic separation revealed 71 protein fractions of 10 to 240 kDa. It was observed that protein 

fractions with molecular weights of 27, 36, 53 and 172 kDa were present more frequently in serum from 

women in the control group. Protein fractions of 28, 132 and 188 kDa predominated among patients in the 

experimental group. This research has demonstrated that the number of 53 and 172 kDa protein fractions 

decreased with the number of miscarriages. 

Conclusions: It is suggested that individual protein fractions may increase the risk of a miscarriage.
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Introduction

Although the issue of recurrent miscarriages 
was noticed about 25 years ago, studies on the 
early diagnosis of this pathology are still insufficient. 
According to the World Health Organization (WHO), 
recurrent miscarriage is defined as the loss of 3 or 
more consecutive early pregnancies (before 12 weeks 
of gestation), affecting 1% to 2% of reproductive-age 
women [1]. According to clinical practice, it is recom-
mended to perform a diagnostic investigation after 
two consecutive miscarriages in order to identify the 
reason of failure [2]. The commonest complication of 
pregnancy is the spontaneous miscarriage. It pertains 
to approx. 15% of clinically detected pregnancies, 
of which about 80% are early miscarriages occur-
ring in the first 12 weeks of gestation [4]. Recurrent 

pregnancy loss accounts for 5% of all spontaneous 
abortions and is the cause of 0.4–0.8% of all preg-
nancy losses [3].

The risk of miscarriage correlates with gestational 
age. The highest incidence of pregnancy loss occurs 
before implantation and accounts for approx. 50% of 
all miscarriages. Referring to epidemiological studies, 
it can be stated that the course of the first pregnancy 
has an impact on the succeeding ones. The probability 
to experience a pregnancy loss for women, who have 
never been pregnant or already have a child, amounts 
to only 5%. Contrary to this, women who experienced 
miscarriage once, have a 13–20% chance of consecu-
tive pregnancy loss. The risk of miscarriage increases 
with the number of miscarriages, where three or more 
amount to as much as 30–45% chance of loss [5]. 
Despite several earlier performed studies, only the 
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antiphospholipid syndrome, uterine structural anom-
alies and chromosomal factors amongst parents are 
confirmed to be causing recurrent miscarriages and can 
be identified in up to 40% of cases [6]. Notwithstanding, 
more than half of the cases of idiopathic abortions with 
unexplained etiology still remain vague [7].

Currently, there is a need for elaboration of a spe-
cific test that could be useful in early routine laboratory 
diagnosis of the recurrent miscarriage risk. The test 
should allow recognition of the factors underlying the 
pathology and enable quick diagnosis leading to the 
implementation of effective therapy.

Materials and methods

Study design and performance 

A permission to conduct this study was obtained 
from the Bioethics Committee of the Ludwik Rydygier 
Collegium Medicum, of Nicolaus Copernicus Uni-
versity in Toruń. The study involved 40 women aged 
29 to 44 years (35.89 ± 3.4) admitted to Department of 
Obstetrics, Gynecology and Gynecological Oncology 
in University Hospital No. 2 in Bydgoszcz. Based on 
a medical history taken from each patient, the exis-
tence of comorbid chronic diseases and infections 
was excluded and also information on smoking during 
pregnancy was obtained.

The study group consisted of 20 women aged 29 to 
44 (36.12 ± 3.53) with recurrent miscarriages. This 
group was divided according to the number of miscar-
riages, as well as the fact of smoking cigarettes during 
pregnancy (Table 1). 

The reference group consisted of 20 non-pregnant 
women aged 30 to 41 (35.7 ± 3.28) who had given 
vaginal birth to healthy children at least twice. 

Blood sampling and laboratory analyses

The 10 ml blood samples were collected by ve-
nipuncture into test tubes without anticoagulant. The 
blood from women with habitual abortions was taken at 
least 6 weeks after the miscarriage, in order to eliminate 
the impact of puerperium. The blood samples were 
centrifuged for 10 minutes at 3000 rpm to obtain serum. 
Sera were divided into 200 μl aliquots and stored at -70 ° 
C until assays were performed.

Statistical analysis

Statistical analysis was performed using Excel 
2013 of the Microsoft Office 2013 package and Statistica 
13.1 by StatSoft, Inc. (2010). The Mann-Whitney U test 
with the continuity correction, the Kruskal-Wallis test, 
and the analysis of contingency tables was used to 
assess differences between groups.

results

A comparative analysis of serum protein fractions 
isolated after gel-electeophoresis from women with re-
current miscarriages and healthy ones was done. After 
gel-electrophoresis 71 protein fractions with molecular 
weights ranging from 10 to 240 kDa were obtained. The 
majority of separated protein fractions were present 
in the serum from women in both groups. The most 
evident differences, however, were found for the frac-
tions of 27, 28, 36,53, 132, 172 and 188 kDa (Table 2). 
In addition, statistical analysis of protein fractions was 
made, considering tobacco smoking in the study group. 
Among the patients with recurrent miscarriages, 8 wom-
en (40%) were smokers and remaining 12 (60%) were 
non-smokers. The largest differences between smokers 

Table 1. Characteristics of the study group and reference group

Parameter Study group Reference group

Number of patients   
N (%)

20 (100%) 20 (100%)

Age (X ± SD) 29–44 (36,12 ± 3,53) 30–41 (35,70 ± 3,28)

Successful pregnancy  
N (%)

11 (18%) 40 (100%)

Miscarriage Early (<12 week ) 48 (77,42%) 0 (%)

Late (>12 week) 14 (22,58%)

Number of miscarriage 3 miscarriage
N (%)

18 (90%) 0 (0%)

4 miscarriage
N (%)

2 (10%) 0 (0%)

Smoking N (%) 8 (40%) 0 (0%)



144

Medical research journal 2018, vol. 3, no. 3

www.journals.viamedica.pl/medical_research_journal

Table 2. Comparison of the occurence of protein fractions in the blood serum of women in the study group and the 
reference group 

No The molecular
weight [kDa]

Study group Reference 
group

No The molecular
weight [kDa]

Study group Reference 
group

N % N % N % N %

1. 10 18 90% 20 100% 37. 88 18 90% 12 60%

2. 11 6 30% 11 55% 38. 90 0 0% 0 0%

3. 12 10 50% 6 30% 39. 92 0 0% 1 5%

4. 14 2 10% 0 0% 40. 96 4 20% 11 55%

5. 15 19 95% 20 100% 41. 98 0 0% 1 5%

6. 16 3 15% 1 5% 42. 100 9 45% 4 20%

7. 17 10 50% 0 0% 43. 107 4 20% 4 20%

8. 19 6 30% 9 45% 44. 116 10 50% 3 15%

9. 20 0 0% 0 0% 45. 127 1 5% 5 25%

10. 22 19 95% 18 90% 46. 130 0 0% 2 10%

11. 23 0 0% 0 0% 47. 132 12 60% 4 20%

12. 24 1 5% 0 0% 48. 138 5 25% 0 0%

13. 25 0 0% 0 0% 49. 140 1 5% 2 10%

14. 27 0 0% 15 75% 50. 142 3 15% 0 0%

15. 28 17 85% 1 5% 51. 144 2 10% 3 15%

16. 29 0 0% 1 5% 52. 147 2 10% 6 30%

17. 32 0 0% 0 0% 53. 150 3 15% 7 35%

18. 34 12 60% 0 0% 54. 152 0 0% 0 0%

19. 36 0 0% 20 100% 55. 157 7 35% 0 0%

20. 38 7 35% 0 0% 56. 159 2 10% 0 0%

21. 40 0 0% 2 10% 57. 160 11 55% 3 15%

22. 41 0 0% 0 0% 58. 163 1 5% 0 0%

23. 42 0 0% 0 0% 59. 168 2 10% 0 0%

24. 45 17 85% 20 100% 60. 170 4 20% 1 5%

25. 48 4 20% 0 0% 61. 172 4 20% 17 85%

26. 53 4 20% 17 85% 62. 180 2 10% 4 20%

27. 56 10 50% 3 15% 63. 182 0 0% 1 5%

28. 60 9 45% 4 20% 64. 186 0 0% 0 0%

29. 70 2 10% 4 20% 65. 188 15 75% 0 0%

30. 72 0 0% 2 10% 66. 190 4 20% 10 50%

31. 73 5 25% 0 0% 67. 200 5 25% 9 45%

32. 76 9 45% 15 75% 68. 210 6 30% 3 15%

33. 78 1 5% 0 0% 69. 220 9 45% 9 45%

34. 80 1 5% 0 0% 70. 230 7 35% 7 35%

35. 82 0 0% 0 0% 71. 240 11 55% 17 85%

36. 84 0 0% 0 0%

and non-smokers were observed in the fractions of 24, 
32, 127, 140, 163 and 168 kDa, as their presence was 
found only in the serum of smokers. Certain protein 

fractions were more common in the serum of non-smok-
ers. Prominent differences were found for the 76 kDa 
protein fraction, which was absent in the serum of smok-
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Table 3. Comparison of protein fractions in women from the study group due to smoking 

No The olecular
weight [kDa]

Smoking
(N=8)

Non-smoking
(N=12)

No The olecular
weight [kDa

Smoking
(N=8)

Non-smoking
(N=12)

1. 10 7 88% 11 92% 37. 88 7 88% 11 92%

2. 11 1 13% 5 42% 38. 90 0 0% 0 0%

3. 12 5 63% 5 42% 39. 92 0 0% 0 0%

4. 14 0 0% 2 17% 40. 96 2 25% 2 17%

5. 15 8 100% 11 92% 41. 98 0 0% 0 0%

6. 16 1 13% 2 17% 42. 100 4 50% 5 42%

7. 17 5 63% 5 42% 43. 107 3 38% 1 8%

8. 19 3 38% 3 25% 44. 116 2 25% 8 67%

9. 20 0 0% 0 0% 45. 127 1 13% 0 0%

10. 22 8 100% 11 92% 46. 130 0 0% 0 0%

11. 23 0 0% 0 0% 47. 132 3 38% 9 75%

12. 24 1 13% 0 0% 48. 138 4 50% 1 8%

13. 25 0 0% 0 0% 49. 140 1 13% 0 0%

14. 27 0 0% 0 0% 50. 142 1 13% 2 17%

15. 28 6 75% 11 92% 51. 144 0 0% 2 17%

16. 29 0 0% 0 0% 52. 147 1 13% 1 8%

17. 32 1 13% 0 0% 53. 150 2 25% 1 8%

18. 34 2 25% 10 83% 54. 152 0 0% 0 0%

19. 36 0 0% 0 0% 55. 157 4 50% 3 25%

20. 38 5 63% 2 17% 56. 159 1 13% 0 0%

21. 40 0 0% 0 0% 57. 160 2 25% 9 75%

22. 41 0 0% 0 0% 58. 163 1 13% 0 0%

23. 42 0 0% 0 0% 59. 168 2 25% 0 0%

24. 45 8 100% 9 75% 60. 170 2 25% 2 17%

25. 48 1 13% 3 25% 61. 172 1 13% 3 25%

26. 53 1 13% 3 25% 62. 180 1 13% 1 8%

27. 56 5 63% 5 42% 63. 182 0 0% 0 0%

28. 60 3 38% 6 50% 64. 186 0 0% 0 0%

29. 70 0 0% 2 17% 65. 188 6 75% 9 75%

30. 72 0 0% 0 0% 66. 190 1 13% 3 25%

31. 73 3 38% 2 17% 67. 200 2 25% 3 25%

32. 76 0 0% 8 67% 68. 210 2 25% 4 33%

33. 78 0 0% 1 8% 69. 220 3 38% 6 50%

34. 80 0 0% 1 8% 70. 230 2 25% 5 42%

35. 82 0 0% 0 0% 71. 240 4 50% 7 58%

36. 84 0 0% 0 0%

ers, while its presence was observed in the most (8 of 
12) non-smokers (Table 3). In a group of 20 women with 
recurrent miscarriages, 18 women had three miscarriag-
es and 2 women had four. The prevalence of the most 
differentiating fractions (27, 28, 36, 38, 53, 132, 172 and 

188 kDa) was compared among women with a various 
number of miscarriages and among the reference group. 
It was noticed that the incidence of 53 kDa and 172 kDa 
protein fractions, predominant in the reference group, 
decreased in the study group along with the number of 
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Table 4. Comparison of the occurrence of protein fractions among patients with different numbers of miscarriages

No The olecular
weight [kDa]

Reference 
group

Study group No The olecular
weight [kDa]

Reference 
group

Study group

N=20 RM=3 RM=4 N=20 RM=3 RM=4

N=18 N=2 N=18 N=2

1. 10 20 16 2 37. 88 12 17 1

2. 11 11 6 0 38. 90 0 0 0

3. 12 6 8 2 39. 92 1 0 0

4. 14 0 2 0 40. 96 11 3 1

5. 15 20 17 2 41. 98 1 0 0

6. 16 1 2 1 42. 100 4 8 1

7. 17 0 9 1 43. 107 4 4 0

8. 19 9 5 1 44. 116 3 9 1

9. 20 0 0 0 45. 127 5 1 0

10. 22 18 17 2 46. 130 2 0 0

11. 23 0 0 0 47. 132 4 11 1

12. 24 0 1 0 48. 138 0 4 1

13. 25 0 0 0 49. 140 2 1 0

14. 27 15 0 0 50. 142 0 3 0

15. 28 1 15 2 51. 144 3 2 0

16. 29 1 0 0 52. 147 6 2 0

17. 32 0 1 0 53. 150 7 3 0

18. 34 0 11 1 54. 152 0 0 0

19. 36 20 0 0 55. 157 0 6 1

20. 38 0 6 1 56. 159 0 1 1

21. 40 2 0 0 57. 160 3 11 0

22. 41 0 0 0 58. 163 0 0 1

23. 42 0 0 0 59. 168 0 2 0

24. 45 20 16 1 60. 170 1 4 0

25. 48 0 3 1 61. 172 17 4 0

26. 53 17 4 0 62. 180 4 1 1

27. 56 3 8 2 63. 182 1 0 0

28. 60 4 8 1 64. 186 0 0 0

29. 70 4 2 0 65. 188 0 14 1

30. 72 2 0 0 66. 190 10 3 1

31. 73 0 4 1 67. 200 9 4 1

32. 76 15 9 0 68. 210 3 5 1

33. 78 0 1 0 69. 220 9 8 1

34. 80 0 0 1 70. 230 7 7 0

35. 82 0 0 0 71. 240 17 10 1

36. 84 0 0 0

RM – recurrent miscarriage

miscarriages. These fractions were not detected in any 
patient with four miscarriages. The protein fractions of 
27 and 36 kDa were found exclusively in women who 
never had a miscarriage whereas the protein fraction 

of 38 kDa was found in 35% of women with recurrent 
pregnancy loss. What is more, the 28, 132 and 188 kDa 
protein fractions were most frequent among women who 
miscarried three times (Table 4). 
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Discussion

A comparative analysis of individual protein frac-
tions present in the serum from women with recurrent 
miscarriages and the reference group was performed. 
The majority of determined 71 protein fractions were 
present in women from both groups, whereas the most 
noticeable differences were found for 7 fractions of 27, 
28, 36, 53, 132, 172 and 188 kDa. Interestingly, the 
188 kDa protein fraction was present in 75% of patients 
in the study group but was absent in women from the 
reference group. Similarly, the 28 kDa protein fraction 
which occurred in only 5% of women from the reference 
group, was found in 85% of women with recurrent 
miscarriages. The 27 kDa and 36 kDa protein fractions 
occurred solely among the reference group. This fact 
could imply a protective effect of the aforementioned 
fractions on the successful course of pregnancy. 

Among all the protein fractions determined, particu-
lar attention should be paid to the serum protein fraction 
of 36 kDa present in all women with the successful 
course of pregnancy. According to the findings of Kim 
et al., who sought for potential biomarkers of recurrent 
miscarriages, the proteins of the 36 kDa protein fraction 
are fragments of the inter-alpha-trypsin inhibitor heavy 
chain H4 and may be considered a potential marker of 
recurrent miscarriage. This protein fraction of 36 kDa 
mass was highly expressed in patients with recurrent 
pregnancy loss. 

The protein fractions of low- or mid-weight in serum 
from women with recurrent miscarriage may potentially 
play a role in the pathomechanism of this disorder. 
The presence of ITI-H4 protein fragments in the blood 
indicates an elevated level of enzymes that cleave 
these proteins and most likely are crucial for normal 
placental-uterine interaction. In order to separate pro-
tein fractions, the researchers used two-dimensional 
electrophoresis, and mass spectrometry and Western 
Blotting for protein fractions identification [8]. In our own 
study the 36 kDa protein fraction was not detected in 
any patient with recurrent miscarriages, however, we 
found a 38 kDa protein fraction present exclusively in 
women with recurrent pregnancy loss. The disparity 
in the obtained results may appear due to the use of 
different methods of protein identification and too few 
patients participating in the study. Nonetheless, the 
36 kDa and 38 kDa protein fractions may be vital in 
cases of recurrent miscarriages.

In the presented study, the analysis of protein frac-
tions among patients with recurrent pregnancy loss re-
vealed that protein fractions of 24, 32, 127, 140, 163 and 
168 kDa were found only among smokers. In 67% of 
non-smokers, 76 kDa fraction was found. However, 
this fraction did not occur in any woman who smoked 

during pregnancy. Unfortunately, due to the lack of 
similar data obtained results cannot be compared to 
other investigating the impact of smoking on the com-
position of serum protein fractions among women with 
recurrent miscarriages.

Finally, the analysis of the seven fractions that most 
differentiated both groups was done among women with 
a various number of miscarriages (RM = 3, RM = 4) 
and women from the reference group (Table 4). The 
53 and 172 kDa protein fractions, present in 85% of 
healthy women, seemed to dwindle with the number 
of miscarriages. These fractions were not found in any 
patient with four miscarriages. The 27 and 36 kDa frac-
tions occurred only in women from the reference group.

We are aware that the small number of women in 
both groups is the main limitation of this study, however, 
it features plenty of essential and valuable results. Due 
to the lack of similar publications comparing the indi-
vidual composition of protein fractions that have an 
impact on the risk of recurrent pregnancy loss, it is not 
possible to undertake a broader discussion. 

conclusion

Some protein fractions present in the blood may 
potentially indicate the risk of miscarriages. There are 
protein fractions, which occurrence decreases with the 
number of miscarriages (53 and 172 kDa), what may 
influence the course of subsequent pregnancies.
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Does the conditioned medium trigger 
the adipose-derived mesenchymal stem 
cells differentiation into chondrocytes? 

AbstrAct
Background: Cartilage is an avascular tissue that has limited regenerative capacity. Stem cells, especially 

mesenchymal stem cells (MSCs), have been regarded as a promising cell source for cartilage repair due 

to their multi-lineage differentiation potential. Induction of mesenchymal stem cells into functional chon-

drocytes may resolve the above problems in the cartilage repair. However, the imperative is to develop 

effective strategies for chondrogenic differentiation. The aim of this study is to evaluate if the induction of 

adipose-derived mesenchymal stem cells (ADSCs) differentiation toward chondrocytes is possible with 

the use of conditioned medium derived from chondrocytes culture.

Material and methods: Conditioned medium (CM) from Normal chondrocyte cell line CRL 2648 was used to culture 

ADSCs, at the same time ADSCs with standard growth medium were used as a control. During this experiment, the 

phenotype was assessed using flow cytometry (CD90, CD44, CD45 and CD45), and Immunohistochemical 

staining was used to determine differentiation (anti-aggrecan, anti-CD15, anti-collagen II, anti-TRA-2-49). 

Results: ADSCs propagated rapidly in vitro and formed a homogenous fibroblast-like morphology. 0% of tested 

cells showed the expression of CD90 and CD44, while more than 90% did not reveal the expression of 

CD34 and CD45. Results obtained in this study showed weak cytoplasmatic expression of aggrecan 

and alkaline phosphatase (TRA protein) and lack of CD151 expression. However, the majority of ADSCs 

expanded with CM expressed type II collagen indicating that the chondrocyte-secreted factors induced 

chondrogenic commitment during expansion.

Conclusions: In the natural environment of living organisms, the chondrogenic differentiation of stem cells in-

volve multiple signalling pathways. We can, to an extent mimic these signals in vitro however, for the clinical 

purposes it is very important to develop well-defined and efficient in vitro protocols. Our results indicate 

that CM may regulate and induce differentiation of ADSCs into the chondrocyte lineage and can serve 

also as an in vitro model for studying specific lineage commitment.

Key words: cartilage injury, conditioned medium, mesenchymal stem cells, chondrocytes, adipose-derived 

mesenchymal stem cells
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Introduction

Traumatic injury and age-related degenerative dis-
eases associated with cartilage are major health prob-
lems occurring worldwide [1, 2]. Cartilage is an avas-
cular tissue that has limited regenerative capacity [3]. 
However, transplantation of autologous chondrocytes 
is widely utilized in clinical practice and has reached 
broad acceptance [4, 5]. Nevertheless, this treatment is 

limited due to only filling small defects, de-differentiation 
of chondrocytes during in vitro culture or loss of colla-
gen II content [5]. Stem cells, especially mesenchymal 
stem cells (MSCs), have been regarded as a promising 
cell source for cartilage repair due to their multi-lineage 
differentiation potential [6–8]. Furthermore, significant 
progress has been made in the field of regenerative 
medicine with the use of mesenchymal stem cells [9]. 
Induction of mesenchymal stem cells into functional 
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chondrocytes may resolve the above problems in the 
cartilage repair. However, the imperative is to develop 
efficient strategies for chondrogenic differentiation. 
Many factors can induce MSCs into chondrocytes, 
especially growth factors, signal factors and proper 
microenvironment [6, 10, 11]. Previous studies have 
investigated that chondrocyte-secreted factors may 
influence the mesenchymal stem cells via paracrine, 
juxtracrine or gap-junction signalling pathways [6, 12]. 

The aim of this study is to evaluate if the induction of 
adipose-derived mesenchymal stem cells (ADSCs) differ-
entiation toward chondrocytes is possible with the use of 
conditioned medium derived from chondrocytes culture.

Material and methods

Chondrocyte culture and conditioned medium

Normal chondrocyte cell line CRL 2648 (ATCC, USA) 
were cultured using DMEM/Ham’s F12 supplemented 
with 10% FBS, 5μg/ml amphotericin B and 100μg/ml 
penicillin/streptomycin. The conditioned medium (CM) 
was harvested every two days, filtered using a syringe 
filter (0.22μm) and stored at -20°C until use.

Isolation and cultivation of ADSCs

The Local Bioethical Committee of Nicolaus Coper-
nicus University approved all procedures. Rat ADSCs 
were obtained from abdominal adipose tissue and 
washed in PBS with antibiotics: penicillin/streptomy-
cin (100 μg/ml) and amphotericin B (5 μg/ml). Then, 
tissue was purified from blood vessels and incubated 
in Collagenase I solution (1ml/g of tissue) (Sigma, Ger-
many) for 30 min at 37°C with shaking in every 5 min. 
Digestion process was inhibited by adding an equal 
volume of culture medium. After that, tissue was filtrated 
using a 100μm cell strainer (BD Bioscience, USA). The 
obtained filtrate was centrifuged 350xg for 10 min and 
the cell pellet was washed twice with culture medium. 
Cells were cultured in DMEM/Ham’s F12 supplemented 
with 10% FBS (PAA, Austria), 10ng bFGF (Sigma, Ger-
many), amphotericin B (5μg/ml), penicillin/streptomycin 
(100μg/ml) and L-glutamine (PAA, Austria).

ADSCs phenotype analysis

The phenotype of adipose-derived mesenchymal 
stem cells was confirmed by examining markers ex-
pression (BD Bioscience, USA) with the use of flow 
cytometry (Tab. 1).

Briefly, cells were resuspended at a density 
1x106 cells/ml in cold PBS containing antibodies accord-
ing to Table 1. Cells with antibodies were then incubated 

for 30 min in 4°C in the dark. After incubation, cells were 
washed three times with PBS and centrifuged at 350xg 
by 5 min. Flow cytometry analysis was performed on 
EPICS XL using System 2 Software version 3.0 (Beck-
man-Coulter, Miami FL, USA). 

Induction of differentiation

Pellets of 3x105 ADSCs, after 3rd passage, were 
formed by centrifugation at 350xg by 5 min in 15 ml 
sterile falcons (BD Bioscience, USA). After 24 hours of 
pre-incubation, the basic medium was removed and 
ADSCs were subcultivated for 14 days in CM obtained 
from a culture of normal chondrocyte cell line. Then, 
pellets were fixed with 10% buffered paraformaldehyde 
and analyzed by immunohistochemical. Cells cultured 
in a basic culture medium served as a control. 

Immunohistochemical staining as 
a detection tool for differentiation

Immunohistochemical reaction was performed on 
the cytological material in the form of paraffin cell-blocks 
with a slice thickness of 3 μm. Immunohistochemical 
studies were performed using primary antibodies (Mil-
lipore, USA) according to Table 2. 

For identification of formed antigen-specific antibody 
complex, EnVision Anti-Mouse HRP was used (DAKO). 
Localization of the aforementioned complexes was visu-
alized by 3-3’diaminobenzidine (DAB) as the chromogen.

rEsULts

Characteristic of adipose-derived mesenchymal 
stem cells

ADSCs propagated rapidly in vitro and formed a ho-
mogenous fibroblast-like morphology. For phenotypic 
characterization, ADSCs after the 3rd passage was as-
sessed in expression levels of CD90, CD34, CD45 and 
CD44. 70% of tested cells showed the expression of 
CD90 and CD44, while more than 90% did not reveal 
the expression of CD34 and CD45 (Fig.1). Such results 
indicate the mesenchymal nature of isolated cells.

Table 1. Markers used in flow cytometry

Marker Concentration Cell localization

CD90 20μl/test Cell membrane

CD44 20μl/test Cell membrane

CD34 5μl/test Cell membrane

CD45 5μl/test Cell membrane
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Table 2. Markers used in immunohistochemistry

Marker Concentration Time of incubation

Anti-aggrecan (AB1031) 1:100 30  min 37°C

Anti-CD151 (MABT58) 1:100 16 hours 4°C

Anti-collagen II (JBC1778630) 1:100 16 hours 4°C

Anti-TRA-2-49 (MAB4349) 1:100 30 min 37°C

Figure 1. Expression of CD90, CD44, CD34 and CD45 on the surface of ADSCs

Effect of Conditioned Medium on differentiation 
induction of ADSCs toward chondrocytes

The initial goal of this study was to determine the 
chondrogenic commitment of ADSCs in vitro. After 
14 days of CM expansion, the chondrocyte differentiation 
of adipose-derived mesenchymal stem cells was investi-
gated by immunostaining for type II collagen, aggrecan, 
CD151 and alkaline phosphatase. Results obtained in 
this study showed weak cytoplasmatic expression of 
aggrecan and alkaline phosphatase (TRA protein) and 
lack of CD151 expression. However, the majority of 
ADSCs expanded with CM expressed type II collagen 
indicating that the chondrocyte-secreted factors induced 
chondrogenic commitment during expansion (Fig.2).

DIscUssION

In attempting to use stem cells for cartilage repair, 
it is imperative to develop well-defined and efficient 
protocols for directing stem cell differentiation into the 
chondrogenic lineage in vitro [1, 2]. Such pre-differen-
tiation in vitro can reduce spontaneous differentiation of 
stem cells, which are defined as an undifferentiated, in 
vivo. Moreover, it will result in higher efficiency of trans-
plantation and better integration with recipient tissue. 
Adult stem cells derived from adipose tissue and bone 
marrow have shown significant chondrogenic potential 
[7, 11]. However, adipose-derived mesenchymal stem 
cells still remain less well characterized. It is very difficult 
to elucidate the molecular mechanisms and signalling 
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Figure 2. Effects of chondrocyte-conditioned medium (CM) on ADSCs

pathways that regulate chondrogenesis in vivo, within an 
animal model. There are different experimental models 
for directing the chondrogenic differentiation of stem 
cells in vitro, inter alia well-defined culture medium, 
using of exogenous cytokines and growth factors, 
co-culture with chondrocyte or genetic manipulation 
[1]. One of the current approaches includes the use of 
conditioned media obtained from the culture of normal 
chondrocytes. That is why the aim of our study was to 
evaluate if the CM harvested from the normal chondro-
cyte cell line is a sufficient factor for induction ADSCs 
differentiation toward chondrocyte phenotype. Previous 
studies have shown that culture media conditioned 
by embryonic calvarial cells, embryonic limb bud and 
perichondrial cells have stimulatory effects on chon-
drogenesis [13–15]. Liu et al reported that conditioned 
medium derived from chondrocyte/scaffold constructs 
induced the bone marrow mesenchymal stem cells 
differentiation after 4 weeks [16]. Immunohistochemical 
analysis in our studies revealed the positive staining of 
collagen II, aggrecan even after 2 weeks of differenti-
ation conditions. Within cartilaginous tissue, the major 
collagen is collagen type II, whereas the predominant 
proteoglycan is aggrecan [1, 8]. Expression of these 
specific for cartilage markers indicates on induction of 
differentiation process [16]. Weiss et al also defined 
the chondrogenic differentiation of mesenchymal stem 
cells as a successful when collagen type II and proteo-
glycans were detected [4]. Hwang et al gained similar 
results. However, they also noticed the expression of 

collagen I and X, which can suggest the hypertrophy 
of cells [5]. We noticed the weak expression of alkaline 
phosphate also, although we did not see the decrease 
in the synthesis of collagen type II. We did not reveal 
the presence of CD151, which is a surface marker of 
chondrocytes. However, this marker is often tested 
in monolayer culture of chondrocytes, its expression 
can be much less prevalent in pellet culture [17]. Re-
cently, some studies revealed that chondrocytes are 
capable of producing and releasing numerous growth 
factors and cytokines, including bone morphogenetic 
protein-2 (BMP-2), parathyroid hormone (PTH) and 
TGF-b1 [16, 18, 19, 20, 21]. It is quite probable that 
they are likely to present in the chondrocyte CM utilized 
in our study. Nevertheless, we did not make such an 
evaluation. Liu et al. tested the growth factors present in 
the CM derived from human coastal chondrocytes/scaf-
folds constructs by protein microassay and the CM 
contained low levels of TGF- b1,2,3, IGF-1 and high 
levels of IGF-2, FGF-4 and IGFBP4 [4]. It can explain 
the induction of chondrogenic differentiation of ADSCs, 
which was revealed in our study. It seems that chon-
drocyte-secreted factors may be one strategy to in vivo 
engineer cartilage tissue. Liu et al. also indicated these 
proteins as agents playing an important role in this 
process [22]. Although, the exact mechanism of how 
the soluble factors promote chondrogenic differentiation 
of stem cells is still unclear. The challenge is also to 
find an optimized combination of these factors for the 
promotion of chondrocyte differentiation. It is worth 
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noting that the concentration of the aforementioned 
proteins in the CM is probably much lower than those 
used for conventional chondrogenic induction [23], but 
still, the induction of differentiation was possible. The 
pellet culture also allows physiological 3D cell-cell and 
cell-matrix interaction [4, 24]. Due to that, all cells may 
sense the inductive signals from the CM at the same 
time even without properly prepared matrix architecture. 

Our immunohistochemical analysis of collagen II 
and aggrecan support the claim that the chondrocyte 
CM can be utilized for the efficient cartilaginous tissue 
formation by ADSCs in vivo. Nevertheless, it is important 
to note that the use of filtered CM does not alleviate the 
risk of viral transmission. Also, secreted factors within 
conditioned media may be labile and not suitable for 
prolonged durations of in vitro culture [1]. That is why 
there is a need to further investigate the morphogenetic 
factors responsible for chondrogenic priming of ADSCs. 

cONcLUsIONs

Despite a large number of studies, the chondrogenic 
differentiation of stem cells in vitro still requires clarifi-
cation. In the natural environment of living organisms, 
the chondrogenic differentiation of stem cells involves 
multiple signalling pathways. We can, to an extent 
mimic these signals in vitro however, for the clinical 
purposes it is very important to develop well-defined 
and efficient in vitro protocols. Our results indicate that 
CM may regulate and induce differentiation of ADSCs 
into the chondrocyte lineage and can serve also as an 
in vitro model for studying specific lineage commitment.
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can bone marrow mesenchymal stem 
cells regenerate the myocardium?

AbstrAct
Background: Cardiovascular diseases are the serious clinical problem, especially the loss of viable my-

ocytes. A new approach, which provides a novel method for the treatment, is a tissue engineering and 

regenerative medicine. One of the current cell types used as a source to improve cardiac tissue repair, 

are MSCs. The aim of this study was to check if the 5’azacitidine and growth factors from cardiomyocyte 

cell line initiate the differentiation of MSCs toward cardiomyocytes. 

Material and methods: Bone marrow MSCs were isolated and their biological features have been char-

acterized. Conditioned media were prepared with the use of 5’azacitidine and growth factors released 

from cardiomyocytes.

Results: The transdifferentiating process has been confirmed by the expression of specific muscle markers. 

Conditioned medium from cardiomyocyte cell line, as well as, 5’azacitidine induced muscle differentiation 

process in bone marrow MSCs in comparison to the control. 

Conclusions: Presented in this study data support the conclusion that this concept may represent a prom-

ising strategy for the repair of cardiac tissue, however, further experiments are necessary.
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Introduction

Cardiovascular diseases are the leading cause of 
death worldwide [1]. Despite improvements in surviv-
al rates following myocardial infarction, reduction in 
cardiac function attributable to the irreversible loss of 
viable myocytes remains a major clinical problem [2]. 
Unfortunately, the only therapy available to reverse 
the decline in cardiac function is heart transplantation. 
However, this option is available to very few patients 
due to a shortage of donor hearts [3]. Newly emerging 
technology, which may provide a  novel method for 
the treatment of cardiovascular diseases, is regener-
ative medicine. Stem cell transplantation is a potential 
approach to repopulate injured myocardium, to treat 
heart failure and restore cardiac function [1]. A variety 
of cell types have been examined for their potential to 
achieve this type of cardiac reconstitution, but few have 
been shown to differentiate into myocytes capable of 

connecting with residual cardiomyocytes both mechan-
ically and electrically following implantation [4]. Bone 
marrow Mesenchymal Stem Cells (MSCs) are one of the 
current cell types being studied as a source of factors 
to improve tissue repair [5]. Autologous MSCs are ca-
pable of differentiating into adipogenic, chondrogenic, 
osteogenic, and myogenic cell lines [1, 6]. The relatively 
wide range of differentiation, coupled with high prolifer-
ation rate and relative ease of isolation, has made these 
cells suitable candidates for heart failure autologous 
cell therapy applications. The success of such therapy 
depends on the ability of stem cells transdifferentiation 
into cardiomyocytes in vitro and in vivo.

The aim of this study was to create conditions mim-
icking cardiomyoblasts environment. We have checked 
how 5’azacitydyne and growth factors from cardiomyo-
cyte cell line influenced on transdifferentiation of bone 
marrow mesenchymal stem cells into cardiomyocytes 
phenotype. 

mailto:roszkowskik@cm.umk.pl
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Materials and methods

Isolation and culture of bone marrow 
mesenchymal stem cells

Rat bone marrow mesenchymal stem cells were 
isolated according to a protocol modified from Lennon 
and Caplan [7]. Briefly, bone marrow was collected by 
flushing femurs with complete medium. Cells were then 
washed and centrifuged twice in PBS (PAA, Austria), 
plated in Petri dishes and cultivated in 37°C. After 3 days, 
nonadherent cells were removed and adherent cells 
were further cultured in complete medium for 14 days. 

Basic culture medium for rat bone marrow mes-
enchymal stem cells was prepared containing 
DMEM/Ham’s F12 (PAA, Austria) supplemented with 
10% FBS (PAA, Austria), 10 ng/ml bFGF (Sigma, 
Germany), 5 μg/ml amphotericin B (PAA, Austria) and 
100 μg/ml penicillin/streptomycin (PAA, Austria). 

The phenotype of mesenchymal stem cells was 
confirmed by colony forming efficiency assay and ad-
ipogenic and osteogenic assay. Briefly, for single cell 
approaches, equal numbers of isolated mesenchymal 
stem cells (5x103 cells/cm2) were plated in six-well 
culture plates. After 14 days of culture stem cell, colo-
nies were visualized by staining with 2% rhodamine B 
(Sigma, Germany). The colony forming efficiency (CFE) 
was calculated using the following formula: numbers of 
colonies formed/number of cells plated x 100%. 

Adipogenic differentiation was induced by add-
ing the following reagents to the cell medium: 
DMEM/Ham’s F12 (3:1) containing 10% FBS, 10 μM 
insulin (Sigma, Germany), 1 μM dexamethasone (Sig-
ma, Germany), 5 μg/ml amphotericin B and 100 μg/ml 
penicillin/streptomycin. Osteogenic differentiation was 
induced by the use of DMEM/Ham’s F12 (3:1) medium 
containing 15% FBS, 50 μM ascorbic acid (Sigma, 
Germany), 0.1 μM dexamethasone, 5 μg/ml ampho-
tericin B and 100 μg/ml penicillin/streptomycin. Cells 
in both media were cultivated at 37°C in a humidified 
atmosphere with 5% CO2 for 16 days.

The culture of immortalized cardiomyocyte cell line 

Culture medium for immortalized cardiomyocyte cell 
line H9C2 (ATCC, USA) contained DMEM/Ham’s F12, 
supplemented with 10% FBS, 5 μg/ml amphotericin B 
and 100 μg/ml penicillin/streptomycin. The harvested 
medium was designated conditioned media, filtered 
and stored at -80°C until use.

Flow cytometry analysis of bone marrow 
mesenchymal stem cells 

C D 9 0  ( 1 0  μ / t e s t ,  C h e m i c o n ,  U K )  a n d 
CD34 (1 μg/1x106 cell, Santa Cruz, USA) were used 

to characterize the primary cultures by flow cytometry. 
Cells were resuspended at a density of 1x106 cells/ml 
in cold PBS containing antibodies connected with 
FITC or phycoerythrin (Sigma, Germany). Labelling 
reaction was incubated in the dark for 30 min. at 4°C. 
After cells were washed three times and centrifuged, 
flow cytometry analysis was performed on a  EPICS 
XL flow cytometry using System 2 Software Version 
3.0 (Beckman-Coulter, Miami FL, USA).

Conditioning of mesenchymal stem cell culture 
system with 5’azacitydyne

MSCs basic culture medium was supplemented 
with 10 μmol/l 5’azacitydyne (Sigma, Germany). MSCs 
were pre-incubated in medium with 5’azacitydyne for 
24 hours. After that time, the medium was removed and 
MSCs were subcultivated for 14 days in basic medium.

Conditioning of mesenchymal stem cell culture 
system with growth factors released from 
cardiomyocyte cell line

Mesenchymal stem cells from bone marrow were 
clonally enriched. After 14 days of cultivation, cells were 
trypsinized with 0.25% Trypsin-EDTA (PAA, Austria). 
Clonal cells were seeded at a density of 5x103 cells onto 
18mm cover glasses (Witko, Poland) and placed into 
twelve-well culture plates. After 24 hours of pre-incuba-
tion, the basic medium was removed and mesenchymal 
stem cells were subcultivated for another 14 days in 
conditioned media obtained from the immortalized 
cardiomyocyte cell line.

Fluorescence immunostaining as a detection tool 
for transdifferentiation

For immunolabeling of cell sheets, clonal cells 
were plated onto cover glasses (Witko, Poland) and 
cultivated under various environmental conditions, 
such as 5’azacitydyne and conditioned medium for 
14 days. After cultivation time, cells were fixed with 4% 
paraformaldehyde in PBS (pH 7.4) at room temperature 
for 20 min., washed with PBS (3x5 min) and blocked 
with 0.1 M glycine for 10 min. Permeabilization was 
performed by incubation with 0.25% Triton X-100 in 
PBS for 10 min. After incubation with 1% bovine serum 
albumin (BSA, Sigma, Germany) for 30 min, cells were 
stained with rat-specific primary antibodies against 
calponin, a-actin, sarcomeric actin, myogenin (1:100, 
Abcam, UK) and desmin (1:20, Abcam, UK) for 1h at 
room temperature. Antibody binding was detected by 
TRITC-conjugated secondary antibodies (1:85, Sigma, 
Germany). Cell nuclei were labelled with DAPI (4’,6’-di-
amino-2-phenylindole, Sigma, Germany). Finally, cov-
erslips were rinsed three times with PBS for 5 min and 
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mounted in Aqua-Poly/Mount (Polysciences, Germany) 
prior to observation by using Nikon C1 laser-scanning 
microscope (Nikon, Japan). In negative control exper-
iments, 1% PBS-BSA or equimolar concentrations of 
an irrelevant primary antibody replaced the primary 
antibody. Slides were examined by two independent 
observers and then images were captured using 
EZ-C1 software (Ver. 3.80; Nikon Instruments, USA). 
Specific markers expression was evaluated using the 
semiquantitative IRS scale (0–12 points), according 
to Remmele and Stegner, which considered both the 
intensity of the colour reaction (as marker of the level 
of antigen amount) and the percentage of positive 
cells. Terminal values from 1 to 2 indicate the low in-
tensity of reaction, from 3 to 4 medium, while from 6 to 
12 high intensity of the reaction. Each experiment was 
done in triplicate.

results

Characteristic of bone marrow mesenchymal stem 
cells

Bone marrow mesenchymal stem cells propagated 
rapidly in vitro and constituted a  homogenous fibro-
blast-like morphology (Fig. 1A). For phenotypic charac-
terization, mesenchymal stem cells were assessed for 
the expression of CD90, CD34 and CD44. The putative 
stem cell markers CD90 and CD44 which have been 
previously reported to be expressed in the rat bone mar-
row mesenchymal stem cells at high-level Karaoz et al. 
[8], were confirmed to be strongly expressed (Fig.1B). 
Staining for CD34 was negative, only single cells were 
CD34+ (Fig.1B), which indicates the mesenchymal 
nature of isolated cells. The colony forming efficiency 
(CFE), which is considered to correlate with the number 
of stem cells, was calculated to be 0.22%. Rat mesen-
chymal stem cells formed on average 11 ± 2 colonies 
(Fig. 1D). Clonal cells could be serially cultivated up to 
4 passages before they revealed signs of senescence, 
the activity of beta-galactosidase (Fig. 1C). Additionally, 
adipogenic and osteogenic differentiation of MSCs was 
performed to confirm the multipotential properties of 
isolated bone marrow MSCs (Fig. 1E–F). 

Effect of environmental conditions on the 
differentiation of bone marrow mesenchymal stem 
cells

The effect of 5’azacitydyne and cardiomyocyte 
cell line conditioned medium on calponin, a-actin, 
desmin, sarcomeric actin and myogenin expression 
was analyzed by immunofluorescence of clonal 
cells subcultivated in cover glasses. As expected, all 
muscle-specific markers appeared in mesenchymal 

stem cells due to the process of differentiation, but 
proportion of immunopositive cells showed significant 
differences depending on condition used. Conditioned 
medium from cardiomyocyte cell line (H9C2), as well as, 
5’azacitydyne supplemented medium induced muscle 
differentiation process in bone marrow mesenchymal 
stem cells in comparison to the control (mesenchy-
mal stem cells cultured alone) (Fig. 2A). Expression 
of desmin, a-actin, sarcomeric actin and myogenin 
significantly increased after 14 days of bone marrow 
mesenchymal stem cells cultivation in 5’azacitydyne 
and H9C2 conditioned media (8, 12, 3, 2 and 4, 12, 4, 
6 points, respectively, in IRS scale) (Fig. 2B–C).

Discussion 

The injured human myocardium possesses a limited 
regenerative potential. Following acute myocardial in-
farction, tissue repair is deficient and irreplaceable loss 
of cardiac muscle overloads the surviving myocardium 
resulting in heart failure or death [9]. Despite many 
breakthroughs in cardiovascular medicine, current 
therapies for heart failure are of limited benefit in re-
gaining lost cardiac function. Recently, cell therapy has 
emerged as an attractive therapeutic modality to repair 
damaged myocardium. Bone marrow mesenchymal 
stem cells are attractive for cell therapy, as they can 
give rise to various cell types, including cardiomyocytes, 
endothelial cells, and smooth muscle cells [10–12]. 
However, it is impossible to predict the differentiation 
pathway of implanted undifferentiated cells [13]. To 
reduce all side effects, the in vitro initiation of MSCs 
differentiation into cardiomyocytes can be performed 
but it can change stem cell properties. Moreover, it is 
well documented that implantation of differentiated 
into cardiomyocytes MSCs improves the function and 
regeneration of heart [14–16]. The possibility of the 
influence of neighbouring cardiomyocytes on MSCs 
differentiation is very interesting issue, as well. 

Stem cells incubated with 5’azacitydyne changed 
their phenotype toward cardiomyocytes [17–19]. Tomita 
and coworkers [20] stated that 10μM 5’azacitydyne, 
added for 24 hours to in vitro culture, induced differen-
tiation of mesenchymal stem cells. They also observed 
the creation of myotubule-like structures after 4 weeks 
from differentiation initiating. In our study in the same 
concentration of 5’azacitydyne we observed a strong 
expression of a-actin and desmin, which are the early 
differentiation markers, and weaker expression of sar-
comeric actin and myogenin. The gained results can 
be considered as reliable in comparison to results Xu 
et al. [21]. We did not examine the potential of cells 
to spontaneous contraction. Nevertheless, we cannot 
exclude the differentiation of MSCs towards cardiomy-
ocytes phenotype. Data concerning the differentiation 
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of stem cells by 5’azacitydyne influence are conflicting. 
Liu and coworkers [22] did not observe differentiation 
of rat bone marrow mesenchymal stem cells in cardio-
myocytes with use of 3, 5 and 10μM of 5’azacitydyne 
while Xu and coworkers had done [21]. The most 
probably, additional factors are required for successful 
cardiomyocytes differentiation process. 

Experimental settings with the use of 5’azacitydyne 
are totally artificial. Such conditions do not reflect any 
aspect of the environment within native heart muscle 
tissue. That is why in our study we tried to find agents 
that control differentiation process towards cardio-
myocyte lineage in the environment mimicking in vivo 
condition. We checked how conditioned medium influ-
ences on MSCs differentiation. After 14 days of culture 
in medium obtained from immortalized cardiomyocytes 
cell line, the transdifferentiation process was observed. 

Morphology of MSCs has been changed into muscle 
phenotype. Expression of specific muscle markers such 
as desmin, a-actin, sarcomeric actin and myogenin 
appeared following incubation with conditioned media. 
All observations support the evidences for the induc-
tion of transdifferentiation toward muscle phenotype. 
Expression of sarcomeric actin and myogenin was at 
medium and high level (4 and 6 points, respectively, 
in IRS scale). These results are in opposite to Wang 
and coworkers [23] who stated that cell fusion was 
responsible for differentiation. We proved that condi-
tioned medium has an influence on changes of MSCs 
phenotype. We think that the differentiation process is 
induced by signals from cardiomyocytes, which release 
paracrine factors.

It was noticed that the ageing process could be 
visible after a  few passages of MSCs. The aim of 

Figure 1. Evaluation of rat mesenchymal stem cells isolated from bone marrow: morphology in vitro (A), expression of 
CD90 and CD34 (B), aging process assay; b-galactosidase activity detection (C), clonogenity assay; rhodamine B staining 
indicates good visible red colonies (D), adipogenic assay; oil red staining (E), osteogenic assay; von Kossa test (F)
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transplanted stem cells is not only temporary muscle 
tissue regeneration but also replenishment of stem 
cell population to sustain the effect of treatment. The 
important question focuses on the ageing of cells used 
in the long-term effect of therapy. It is also still not 
known whether a  single or multiply injections would 
be sufficient to bring a stable functional improvement 
over a long time due to homing mechanisms are not 
well defined [24–28]. Another issue that needs to be 
considered is the number of cells delivered at the site 
of engraftment and the prevention of possible ageing 
process of injected cells [25].

conclusions

Stem cells therapy of myocardium infarction offers 
the possibility to reconstruct the heart tissue. Our study 
shows that conditioned medium provides the inductive 
signals to initiate transdifferentiation of bone marrow 
mesenchymal stem cells cardiomyocytes-like pheno-
type. The presented data support the conclusion that 
this therapeutic concept may represent a  promising 
strategy for the repair and reconstruction of the heart 
tissue, however performing further experiments with 
co-culture of MSCs and cardiomyocytes are necessary. 
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safety of cardiac resynchronization 
device implantation — retrospective 
analysis from high-volume centre

AbstrAct
Aims: Cardiac resynchronization therapy (CRT) is a treatment dedicated to patients suffering from heart 

failure and asynchrony of systole typically due to left bundle branch block (LBBB).  The aim of this study 

is to analyse the safety of CRT device implantation in a large single-centre group.

Methods and results: The retrospective analysis of 198 patients hospitalized in the Department of Cardiol-

ogy, dr A. Jurasz University Hospital no 1 in Bydgoszcz, who underwent CRT devices implantations in two 

consecutive years (2015–2016) has been performed. Out of 198 patients, 136 underwent implantation of 

CRT de novo and 62 exchange of the device. Studied procedures included implantations of 121 (89.0%) 

cardiac resynchronization therapy defibrillators (CRT-D) and 15 (11.0%) cardiac resynchronization therapy 

pacemakers (CRT-P) de novo, as procedures of exchange were excluded from statistical analysis. Collected 

data included: reported complications, patients’ basic clinical characteristics, comorbidities and details of 

implantation procedures. Development of any complication was observed in 43 patients (31.6%), out of 

whom 29 (21.3%) experienced one, 10 (7.4%) two and 4 (2.9%) three complications. Most of them were 

minor complications. Serious complications which included pneumothorax, mediastinal hematoma and 

cardiac tamponade were observed in 6 (4.4%) cases, there were no perioperative deaths. The occurrence 

of complications was significantly more frequent in females (OR , 3.45, 95% CI 1.37–8.71, p 0.008), was 

associated with prolonged procedure time (OR 1.11, 95% CI 1.04–1.20, p 0.003) and prolonged hospi-

talization time (OR 1.16, 95% CI 1.06–1.27, p 0.001).

Conclusion: Overall, implantations of CRT devices are burdened with a substantial risk of complications, 

although the majority of them are minor and do not require subsequent surgical intervention. The risk of 

developing serious complications is low, accounting for 4.4%.
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Introduction

Cardiac resynchronization therapy (CRT) is a spe-
cific type of pacemaker therapy that consists of the 
simultaneous pacing of the right and left ventricle of 
the heart. The CRT devices are divided into implantable 
cardioverter-defibrillators (CRT-D) and implantable 
pacemakers (CRT-P). CRT is a  treatment dedicated 
to patients suffering from heart failure (HF) and asyn-
chrony of systole typically due to left bundle branch 
block (LBBB). It helps to restore atrioventricular (AV), 
inter- and intra-ventricular synchrony, improving left 
ventricular (LV) function, reducing functional mitral 

regurgitation and inducing LV to reverse remodel-
ling. According to large trials, the best responders to 
CRT therapy are females with wider QRS, LBBB and 
non-ischaemic cardiomyopathy [1]. Approximately 
2% of the adult population in developed countries is 
burdened with HF. Although only a  small fraction of 
HF patients (5–10%) match CRT indications, it is still 
a large group [2]. According to the guidelines, CRT is 
linked with a significant amount of complications with 
lead complications being the main reason for re-op-
eration. A  meta-analysis of 9082 patients in 25 CRT 
trials showed that peri-implantation deaths occurred 
in 0.3% of trial participants, mechanical complications 
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in 3.2%, lead problems in 6.2% and infections in 1.4% 
[3]. The aim of this study is to analyse the safety of CRT 
device implantation in a large single-centre group, to 
evaluate the incidence, type of complications and their 
potential determinants.

Methods

Study design and study population

The retrospective analysis of 198 patients hospi-
talized in the Department of Cardiology, dr A. Jurasz 
University Hospital no 1 in Bydgoszcz, who underwent 
CRT devices implantations in two consecutive years 
(2015–2016) has been performed. Procedures of ex-
change were excluded from statistical analysis. The 
reason for exclusion of exchange procedures was the 
desire to obtain a homogenous group of patients and 
to enable the comparison of complications’ incidence, 
types and their determinants.

Data sources and data analysis

The data was obtained from the electronic database 
used in the Department of Cardiology, dr A. Jurasz 
University Hospital no 1 in Bydgoszcz. Retrospective 
analysis of patients’ medical history collected by at-
tending physicians enabled to obtain information about 
reported complications, patients’ basic clinical char-
acteristics, comorbidities and details of implantation 
procedures. Analysed medical data included: records 
pertaining to hospitalization due to CRT implantation as 
well as following hospitalizations and ambulatory ap-
pointments. Analysed patients’ characteristics included: 
age, sex, body mass index, presence of hypertension, 
diabetes mellitus, New York Heart Association (NYHA) 
class, dyslipidaemia, coronary artery disease, chronic 
kidney disease, arteriosclerosis of lower limbs, valvular 
disease, atrial fibrillation, prior acute myocardial infarc-
tion, prior percutaneous coronary intervention, prior 
coronary artery bypass grafting, prior stroke or transient 
ischemic attack. Results of both Staphylococcus aureus 
test and echocardiographic examinations were collect-
ed. Following variables concerning hospitalization and 
implantation procedures were also taken into account: 
hospitalization time, procedure time, type of implanted 
device (CRT-P or CRT-D), the urgency of the procedure. 
All of the variables were concerned as potential com-
plications’ determinants.

Definition of complications

According to available literature the possible CRT 
complications were defined as follows: pneumotho-
rax, mediastinal hematoma, pleural haemorrhage, 

cardiac tamponade, arrhythmias, pulmonary oedema, 
infectious endocarditis, subcutaneous emphysema, 
cerebral stroke, thrombus of subclavian vein, wound 
dehiscence, perforation of skin by the device, pocket 
infection, pocket hematoma, diaphragmatic stimulation, 
stimulation of pectoral muscles, damage of coronary 
sinus or cardiac venous system, perforation of free wall 
of the heart, accidental puncture of subclavian artery, 
damage of brachial plexus, thrombus on the lead, 
lead displacement, Twiddler’s syndrome, breaking of 
the conductive spiral of the lead, breaking of the lead 
cover, inadequate discharges, increased threshold of 
stimulation, oversensing, undersensing, influence of 
electromagnetic field on device function, premature 
battery depletion, loose electrode in the pacemaker 
port, the need to remove electrode, the need to remove 
CRT device [4–10]. Observed complications were 
divided using time of their occurrence – whether they 
occurred during the hospitalization related to primary 
implantation of CRT, or after that hospitalization. 

Statistical Analysis

Dichotomous variables were expressed as a number 
and percentage, whereas continuous variables were 
reported as median and interquartile range. The Chi2 test 
was used for dichotomous variables, whereas the Mann 
Whitney U test was used to compare continuous vari-
ables. The prognostic relevance of the various baseline 
variables on the occurrence of complications was 
assessed with logistic regression analysis with results 
presented as odds ratios (OR) with a 95% confidence 
intervals (CI). Any variable with P < 0.1 on univariate anal-
ysis was included in the multivariate logistic regression 
analysis. A P value < 0.05 was considered significant. All 
statistical analyses were performed using Statistica 13.1.

results

Study population

A  total of 198 patients underwent a  CRT device 
implantation, out of whom 136 underwent implanta-
tion of CRT de novo and 62 exchange of the device. 
Procedures of exchange were excluded from statistical 
analysis. During 2015, 69 patients (50.7%) underwent 
implantation of CRT de novo whereas in 2016, 67 pa-
tients (49.3%). 

Patient and procedural characteristics

Key baseline features of patients enrolled in the study 
are shown in Table 1. Median age at implantation was 
69 (interquartile range: 64.0–75.0). The analysed group 
included 102 men (75.0%) and 34 women (25.0%). Most 
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Table 1. Patient characteristics.

 Clinical feature: Overall study 
population
 ( n = 136)

Patients with 
complications 

(n = 43) 

Patients without 
complications  

(n = 93)

P-value

Age [years] 69.0 (64.0–75.0) 68 (62.0–73.0) 69 (64.0–76.0) NS

Female 34 (25.0%) 15 (34.9%) 19 (20.4%) NS

Body mass index [kg/m2] 27.6 (24.7–31.9) 28.1 (25.5–32.9) 27.4 (24.7–31.9) NS

Hypertension 93 (68.4%) 33 (76.7%) 60 (64.5%) NS

Diabetes Mellitus 63 (46.3%) 19 (44.2%) 44 (47.3%) NS

Dyslipidaemia 67 (49.3%) 23 (53.5%) 44 (47.3%) NS

Coronary artery disease 83 (61.0%) 24 (55.8%) 59 (63.4%) NS

Prior acute myocardial infarction 71 (52.2%) 20 (46.5%) 51 (54.8%) NS

Prior percutaneous coronary intervention 61 (44.9%) 18 (41.9%) 43 (46.2%) NS

Prior coronary artery bypass grafting 28 (20.6%) 7 (16.3%) 21 (22.6%) NS

NYHA > II 39 (28.7%) 10 (23.3%) 29 (31.2%) NS

Chronic kidney disease 30 (22.1%) 9 (20.9%) 21 (22.6%) NS

Arteriosclerosis of lower limbs 11 (8.1%) 4 (9.3%) 7 (7.5%) NS

Valvular disease 39 (28.7%) 19 (44.2%) 20 (21.5%) < 0.01

Atrial fibrillation 50 (36.8%) 11 (25.6%) 39 (41.9%) NS

Prior stroke/transient Ischemic attack 16 (11.8%) 6 (14.0%) 10 (10.8%) NS

Ejection fraction [%] 30 (25.0–35.0) 30 (25.0–35.0) 30 (22.8–35.0) NS

Left ventricle end-diastolic diameter [mm] 63 (56.0–69.0) 63 (57.8–68.0)  63 (55.3–69.0) NS

Left atrium diameter [mm] 47 (42–53) 47 (42.3–51.8) 48.0 (42.0–54.0) NS

Interventricular septum diameter [mm] 11 (10–13) 11 (10.0–12.0) 12 (10.8–13.0) < 0.05

Posterior wall diameter [mm] 11 (10–12) 11 (10.0–12.0) 11 (10.0–12.0) NS

NYHA — New York Heart Association

frequent comorbidities were as follows: hypertension 
93 (68.4%), coronary artery disease 83 (61.0%), prior 
acute myocardial infarction 71 (52.2%), dyslipidaemia 
67 (49.3%), diabetes mellitus 63 (46.3%). The median 
ejection fraction was 30 (interquartile range: 25.0–35.0). 

Characteristics of CRT implantation procedures are 
shown in Table 2. Studied procedures included implan-
tations of 121 (89.0%) CRT-D and 15 (11.0%) CRT-P 
de novo. The median time of procedure was 120 min 
(interquartile range: 87.3–160.0); 21.3% of procedures 
were urgent and in 45.6% of cases there was a device 
system upgrade to cardiac resynchronization therapy. 

Complication risk

Complications were observed in 43 patients (31.6%), 
out of whom 29 (21.3%) experienced one, 10 (7.4%) 
two and 4 (2.9%) three complications. The most 

common complications were minor, including pocket 
hematoma: 13 patients (9.6%), lead dislodgement: 
10 patients (7.4%) out of whom 9 patients needed to 
have reposition/replacement of electrode, diaphragmat-
ic stimulation: 9 patients (6.6%), damage of coronary 
sinus or cardiac venous system without tamponade: 
9 patients (6.6%). The serious complications were as 
follows: pneumothorax: 4 patients (2.9%), mediastinal 
hematoma: 1 patient (0.7%), cardiac tamponade: 
1 patient (0.7%). Altogether serious complications were 
observed in 6 cases (4.4%), there were no perioper-
ative deaths. Minor and rare complications included: 
ventricular arrhythmias: 3 patients (2.2%), inadequate 
discharges: 2 patients (1.5%), the need to remove 
damaged electrode: 1 patient (0.7%), pulmonary oe-
dema: 1 patient (0.7%), wound dehiscence: 1 patient 
(0.7%), pocket infection with the need to reposition the 
CRT can: 1 patient (0.7%), infectious endocarditis with 
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Table 2. Procedural characteristics

 Clinical feature: Overall study 
population
 ( n = 136)

Patients with 
complications 

(n = 43) 

Patients without 
complications  

(n = 93)

P-value

Hospitalization time [days] 6 (5.0–9.0) 8 (5.5–13.0) 5 (5.0–7.0) < 0.0001

Procedure time [min] 120 (87.3–160.0) 150 (120.0–182.5) 110 (85.0–140.0) < 0.001

CRT-D 121 (89.0%) 41 (95.3 %) 80 (86.0%) NS

Upgrade to cardiac resynchronization therapy 62 (45.6%) 16 (37.2%) 46 (49.5%) NS

Urgent procedure 29 (21.3%) 11 (25.6%) 18 (19.4%) NS

CRT-D — cardiac resynchronization therapy defibrillator

Table 3. Complications

Complication Overall study 
population
 ( n = 136)

Occurrence of 
complications 

during the 
hospitalization 

related to primary 
implantation of CRT

Occurrence of 
complications after 
the hospitalization 
related to primary 

implantation of CRT

Pocket hematoma n = 13 (9.6%) n = 11 (8.1%) n = 2 (1.5%)

Lead displacement overall
With need to reposition/replace electrode
Without need to reposition/replace electrode

n = 10 (7.4%)
n = 9 (6.6%)

n = 1 (0.7%)

n = 3 (2.2%)
n = 3 (2.2%)

n = 0 (0%)

n = 7 (5.1%)
n = 6 (4.4%)

n = 1 (0.7%)

Damage of coronary sinus or cardiac venous system n = 9 (6.6%) n = 9 (6.6%) n = 0 (0%)

Diaphragmatic stimulation n = 9 (6.6%) n = 7 (5.1%) n = 2 (1.5%)

Pneumothorax n = 4 (2.9%) n = 4 (2.9%) n=0 (0%)

Mediastinal hematoma n = 1 (0.7%) n = 1 (0.7%) n=0 (0%)

Cardiac tamponade n = 1 (0.7%) n = 1 (0.7%) n = 0 (0%)

Ventricular arrhythmias n = 3 (2.2%) n = 2 (1.5%) n = 1 (0.7%)

Inadequate discharges n = 2 (1.5%) n = 0 (0%) n = 2 (1.5%)

The need to remove damaged electrode n = 1 (0.7%) n = 1 (0.7%) n = 0 (0%)

Pulmonary oedema n = 1 (0.7%) n = 1 (0.7%) n = 0 (0%)

Wound dehiscence n = 1 (0.7%) n = 0 (0%) n = 1 (0.7%)

Pocket infection with the need to reposition the CRT can n = 1 (0.7%) n = 0 (0%) n = 1 (0.7%)

Infectious endocarditis with the need to remove  
the whole CRT system

n = 1 (0.7%) n = 0 (0%) n = 1 (0.7%)

Increased threshold of stimulation n = 1 (0.7%) n = 1 (0.7%) n = 0 (0%)

Subcutaneous emphysema n = 1 (0.7%) n = 1 (0.7%) n = 0 (0%)

Thrombus on the lead n = 1 (0.7%) n = 1 (0.7%) n = 0 (0%)

CRT — cardiac resynchronization therapy

the need to remove the whole CRT system: 1 patient 
(0.7%), increased threshold of stimulation: 1 patient 
(0.7%), subcutaneous emphysema: 1 patient (0.7%), 
thrombus on the lead: 1 patient (0.7%). The summary 
and division of complications due to the time of occur-
rence are presented in Table 3. 

The predictors of complications found in multivariate 
regression analysis were as follows: female gender (OR 
3.45, 95% CI 1.37–8.71, p 0.008), prolonged procedure 
time (OR 1.11, 95% CI 1.04–1.20, p 0.003) and pro-
longed hospitalization time (OR 1.16, 95% CI 1.06–1.27, 
p 0.001. The summary in Table 4 and 5.
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Table 4. Results of univariate analysis

Variable OR 95% CI P-value

Age [years] 0.96 0.92–1.01 0.087

Female 2.09 0.93–4.70 0.073

Body mass index [kg/m2] 0.99 0.91–1.08 0.864

Hypertension 1.82 0.79–4.17 0.157

Diabetes Mellitus 0.88 0.42–1.84 0.734

Dyslipidaemia 1.28 0.62–2.66 0.503

Coronary artery disease 0.73 0.35–1.53 0.397

Prior acute myocardial infarction 0.72 0.34–1.49 0.367

Prior percutaneous coronary intervention 0.84 0.40–1.75 0.633

Prior coronary artery bypass grafting 0.67 0.26–1.73 0.400

NYHA > II 0.67 0.29–1.55 0.344

Chronic kidney disease 0.91 0.37–2.21 0.829

Arteriosclerosis of lower limbs 1.26 0.34–4.61 0.724

Valvular disease 2.89 1.32–6.34 0.008

Atrial fibrillation 0.48 0.21–1.07 0.069

Prior stroke/transient Ischemic attack 1.35 0.45–4.02 0.591

Ejection fraction [%] 0.99 0.95–1.04 0.815

Left ventricle end-diastolic diameter [mm] 0.99 0.96–1.03 0.835

Left atrium diameter [mm] 0.99 0.95–1.04 0.705

Interventricular septum diameter [mm] 0.75 0.58–0.98 0.033

Posterior wall diameter [mm] 0.77 0.54–1.11 0.156

Hospitalization time [days] 1.17 1.07–1.28 0.001

Procedure time [increase of 10 min] 1.11 1.04–1.18 0.001

CRT-D 3.33 0.71–15.69 0.125

Upgrade to cardiac resynchronization therapy 0.61 0.29–1.28 0.184

Urgent procedure 1.40 0.59–3.34 0.444

CRT-D — cardiac resynchronization therapy defibrillator, NYHA — New York Heart Association

Table 5. Clinical prognostic indicators of complications in multivariate regression analysis

Variable OR 95% CI P-value

Hospitalization time [days] 1.16 1.06–1.27 0.001

Procedure time [increase of 10 min] 1.11 1.04–1.20 0.003

Female 3.45 1.37–8.71 0.008

Discussion

Implantation of the CRT device is an invasive proce-
dure, therefore there is a risk of complication as in any other 
surgical intervention. Usually during CRT implantation 

operator needs to perform either incision of a cephalic vein 
or separate punctures of subclavian vein, and each of them 
can cause complications like pneumothorax, bleeding 
into the pleural cavity, puncture of the subclavian artery, 
subcutaneous pneumothorax or brachial plexus injury. 
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According to Abraham et al. complications that 
are specific to CRT implantation include: LV lead dis-
lodgement, diaphragmatic stimulation, coronary sinus 
dissection and perforation [11]. In the authors’ study 
10 patients (7.4%) had lead displacement, 9 patients 
(6.6%) diaphragmatic stimulation and 9 patients (6.6%) 
damage of coronary sinus or cardiac venous system 
without tamponade. 

The most common complications in the authors’ 
study were pocket hematoma (9.6%) and lead dis-
lodgement (7.4%). Tajstra et al. [8] also reported 
pocket hematoma (6.1%) (within 2 months) as the most 
common complication. Similarly, Pakarinen et al. stated 
that lead displacement (3.7%) and pocket hematoma 
(3.2%) were the most common complications (during 
3-months follow up) [5]. 

Limitations

There are some limitations of the study that should 
be acknowledged. First of all, it was a  retrospective 
analysis. Secondly, there was a small group of patients 
who did not have an echocardiographic examination. 
Thirdly, due to the fact, that data derivation took place in 
April 2017, patients had different follow-up time ranging 
from 4 months to 2 years and 4 months. 

conclusion

The authors’ analysis of complications related to 
CRT device implantation shows that this procedure is 
burdened with a substantial risk of complications, al-
though the majority of them are minor and do not require 
subsequent surgical intervention. The risk of developing 
serious complications is low, accounting for 4.4%. 
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carvedilol – is it still the primus inter 
pares among b-blockers?

Introduction

Cardiovascular diseases remain the main cause of 
morbidity and mortality all over the world. As a result of 
significant developments in the field of prevention and 
improvement of treatment outcomes we are observing 
a steady decrease in mortality due to coronary artery 
disease (CAD) [1]. Largely we owe it to evidence-based 
medicine. Results of large, randomized clinical studies 
constitute the rationale for using drugs with proven 
efficacy that reduce the occurrence of hard end points, 
especially mortality. In Europe 20% of deaths are at-
tributed to CAD [2]. According to recent studies, relative 
incidence of ST-segment elevation myocardial infarction 
(STEMI) is decreasing, while that of non-ST-segment 
elevation myocardial infarction increases (NSTEMI) [3, 
4]. Arterial hypertension remains the most important 
risk factor for cardiovascular diseases, including CAD, 
that leads to numerous premature deaths. Prevalence 
of arterial hypertension is steadily rising – according to 
the results of NATPOL 2011 study it increased from 30% 
to 32% in a Polish population. At this rate, by 2035 this 
number will have increased by half [5]. It is also a well-
known fact that poor control of arterial hypertension cor-
relates with cardiovascular risk in a linear fashion. CAD 
and arterial hypertension are the main etiological factors 
involved in development of heart failure, which affects 
1-2% of adult population. In Poland, the number of pa-
tients living with heart failure is estimated at 800 000 and 
the number is growing. The main cause of increase in 
the frequency of occurrence of heart failure include age-
ing of the population and consequences of increasingly 
more effective treatment of acute conditions, e.g. acute 
coronary syndromes. Patients survive, but suffer from 
late complications, such as heart failure. The number 
of patients suffering from heart failure with preserved 

ejection fraction steadily increases, ranging from 22% to 
73% [6], which is accompanied by a decreasing trend 
for heart failure with reduced ejection fraction. Accord-
ing to the results of Heart Failure Pilot Survey registry, 
which included 6108 patients (1159 from Poland), 
Polish patients are more frequently hospitalized due 
to acute heart failure, develop heart failure at younger 
age and are more severely ill, presenting with higher 
New York Heart Association (NYHA) class on hospital 
admission [7]. The cornerstone of treatment for CAD, 
arterial hypertension and heart failure are b-blockers, 
and among them a non-selective b and a1 receptor an-
tagonist – carvedilol – plays an important role. Clinical 
potential and mechanism of action of carvedilol has 
been thoroughly discussed in our previous publication 
from 2003 [8]. However, due to the appearance of nu-
merous new studies grounding the leading role of carve-
dilol among other b-blockers, we decided to prepare 
another article that would summarize and systematize 
current knowledge and highlight indications for the use 
of carvedilol in patients with cardiovascular disease. 

Pharmacological profile and 
mechanism of action of carvedilol

Carvedilol is a lipophilic chemical compound, it 
does not dissolve in water, it is found as two optic 
enantiomers due to the presence of an asymmetric 
carbon in the molecule and the drug is a mixture of 
those two enantiomers (Figure 1). Carvedilol is rapidly 
absorbed after oral administration and reaches peak 
serum concentration after 1-2 hours. Its half-life amounts 
to 7-10 hours. It binds to serum proteins, especially 
albumin, is metabolized by cytochrome P450 in the 
liver to be excreted with bile. Carvedilol is a non-selec-
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Figure 1. Chemical structure of carvedilol with marked structural 
elements responsible for specific actions of the compound. 
Source: Choroby Serca i Naczyń 2008, tom 5, nr 3, 150

Figure 2. Pleiotropic effects of carvedilol

tive b receptor antagonist, with the greatest affinity to 
b1 receptors, followed by a1 and b2. Inhibition of cardiac 
b receptors results in reduced contractility, heart rate, 
minute output, atrioventricular conduction and ectopic 
activity, while blocking of a1 receptor is responsible 
for vasodilative properties of the drug. The pleiotropic 
properties of carvedilol comprising particularly favor-
able pharmacological profile of the drug have been 
broadly discussed in the recent years (Figure 2) [9]. 
The antioxidative effect of carvedilol associated with the 
carbazole part of the compound has been documented 
most extensively (Figure 1) [10, 11]. Patients who re-
ceived carvedilol during the acute phase of myocardial 
infarction (MI) were characterized by greater superoxide 
dismutase activity, while among patients with a history 
of myocardial infarction carvedilol was associated with 

significantly greater reduction of oxidized LDL com-
pared after 12 months of therapy to atenolol [12]. The 
antioxidative effect of carvedilol was also confirmed in 
patients with stable CAD; three months of treatment 
resulted in an increase in the activity of superoxide dis-
mutase, glutathione peroxidase and catalase – enzymes 
responsible for protection against free radicals and oxi-
dation reactions [13]. The effect of carvedilol on plaque 
stabilization postulated by Wu et al. is also attributed to 
its antioxidative properties, leading to reduced activity 
of metalloproteinases responsible for plaque instability 
[14]. Anti-inflammatory effect is another important ac-
tion of carvedilol. In a group of 52 patients with heart 
failure and impaired left ventricular function (EF<40%) 
treatment with carvedilol was associated with reduction 
of C-reactive protein concentration among patients 
with elevated blood levels of this marker compared to 
metoprolol [15]. Similar observations were made in 
another study that randomized 74 patients with heart 
failure and impaired left ventricular function (EF<40%) 
into receiving carvedilol vs. placebo [16]. After 4 months 
of treatment authors demonstrated significant reduction 
in interleukin 6 (IL-6) and tumor necrosis factor a (TNF- 
a) concentrations among patients receiving carvedilol. 

Clinical application of carvedilol among patients 
with coronary artery disease

Acute coronary syndromes are of clinical presenta-
tions of CAD. According to the 2017 guidelines of the 
European Society of Cardiology (ESC) on management 
of STEMI, oral treatment with b-blockers is indicated in 
patients with heart failure and/or reduced ejection frac-
tion (≤40%). Routine use of these drugs should also be 
considered in all patients after STEMI, who do not have 
contraindications to such a treatment (Table 1) [17]. 
On the other hand, 2015 ESC guidelines on the man-
agement of non-ST-segment elevation acute coronary 
syndromes indicate early initiation of b-blocker therapy 
in all patients with symptoms of angina and without 
contraindications to such a treatment (Table 1) [18].

The CAPRICORN trial was the pivotal study that 
established the position of carvedilol in the treatment 
of patients after MI [19]. This multicenter, randomized, 
placebo-controlled study included 1959 patients after 
MI and reduced left ventricular ejection fraction ≤40% 
(LVEF). Patients were randomly assigned either to 
carvedilol at an initial dose 2x6.25 mg, which was subse-
quently titrated to 2x25mg, or placebo. Primary endpoint 
comprised of all-cause mortality or hospitalization due 
to cardiovascular causes. There were no differences 
with regard to the frequency of primary endpoint oc-
currence, although there was a significant reduction in 
all-cause mortality in the group treated with carvedilol 
compared to placebo (116 [12%] vs. 151 [15%]; hazard 
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ratio [HR] 0.77; 95% confidence interval [CI] 0.60-
0.98; p=0.03) reduction of cardiovascular mortality 
(104 [11%] vs. 139 [14%]; HR 0.75; 95% CI 0.58-0.96; 
p=0.024) and MI (34 [3%] vs. 57 [6%]; HR 0.59; 95% 
CI 0.39-0.90; p=0.014). 

One of the first studies assessing long-term effects 
of b-blocker therapy in patients after MI treated with 
coronary angioplasty was an analysis that included 
2442 patients [20]. Participants were divided into two 
groups – 1661 received a b antagonist and 781 patients 
did not. After 6 months of follow-up, the researchers 
noted lower mortality (2.2% vs. 6.6%; P<0.0001; odds 
ratio [OR] 0.43; 95% CI 0.26-0.73; P=0.0016) as well as 
reduced frequency of cardiovascular events (defined as 
death, recurrent MI or ischemia requiring revasculariza-
tion) (14% vs. 17%; P=0.036) in the group treated with 
a b-blocker compared to patients who did not receive 
such a treatment. The greatest benefit of b-blocker 
treatment was observed in patients with reduced left 
ventricular ejection fraction and multivessel CAD. 

Routine use of b-blockers in combination with 
angiotensin converting enzyme inhibitors (ACEI) or an-
giotensin II receptor blockers (ARB) in all patients after 
STEMI is a class IIa recommendation (Table 1) [17]. 
Konishi et al. conducted a study on 251 patients with MI 
treated with ACEI or ARB. Patients were divided into two 
groups: receiving b-blockers (171 patients, 91 received 
carvedilol and 80 received bisoprolol) vs. not receiving 

b-blockers (80 patients) [21]. After 12 months of fol-
low-up, the authors observed a reduction in all-cause 
mortality in a group of patients receiving the b receptor 
antagonist compared to the control group (7 [4.1%] 
vs. 11 [13.8%]; P=0.006) as well as a reduction in seri-
ous cardiovascular incidents (MI, stroke, hospitalization 
due to cardiovascular causes) (27 [15.8] vs. 29 [36.3]; 
P<0.0001). There were no significant differences be-
tween groups on carvedilol vs. bisoprolol with regard to 
all-cause mortality. However, reduction in the incidence 
of acute heart failure requiring hospitalization was noted 
in the carvedilol group compared to the bisoprolol group 
{6 [6%] vs. 13 [16.3%]; P=0.04). 

Benefits of b-blocker therapy was confirmed in 
a multicenter registry consisting of 20 344 patients, of 
whom 8 510 patients with STEMI treated with primary 
coronary angioplasty were selected [22]. Among all re-
cruited subjects, 6873 were treated with a b-blocker and 
1637 did not receive such a treatment. After a median 
follow-up of 367 days all-cause mortality was significant-
ly lower in the group of patients receiving b-blockers 
compared to patients not treated with b-blockers 
(146 [2.1%] vs. 59 [3.6%]; P<0.001). In a subgroup 
analysis, the benefits of b-blockers were also demon-
strated in low-risk patients, including those with left 
ventricular ejection fraction >40% or single-vessel CAD.

Results of another meta-analysis consisting of 
40 873 patients from 10 observational studies also cor-

Table 1. Place of b-blockers in the European Society of Cardiology guidelines

Recommendation Class Level

Stable coronary artery disease

First-line treatment is indicated with ß-blockers and/or calcium channel blockers to control heart rate and symptoms. I A

Acute coronary syndromes without persistent ST-segment elevation

Early initiation of beta-blocker treatment is recommended in patients with ongoing ischaemic symptoms and 
without contraindications.

I B

It is recommended to continue chronic beta-blocker therapy, unless the patient is in Killip class III or higher. I B

Acute coronary syndromes with persistent ST-segment elevation

Oral treatment with beta-blockers is indicated in patients with heart failure and/or LVEF £ 40% unless 
contraindicated.

I A

Routine oral treatment with beta-blockers should be considered during hospital stay and continued thereafter in 
all patients without contraindications.

IIa B

Arterial hypertension

Diuretics (thiazides, chlorthalidone and indapamide), beta-blockers, calcium antagonists, ACE inhibitors, 
and angiotensin receptor blockers are all suitable and recommended for the initiation and maintenance of 
antihypertensive treatment, either as monotherapy or in some combinations with each other.

I A

Heart failure

An ACEI is recommended, in addition to a beta-blocker, for symptomatic patients with HFrEF to reduce the risk 
of HF hospitalization and death.

I A

A beta-blocker is recommended, in addition to an ACEI , for patients with stable, symptomatic HFrEF to reduce 
the risk of HF hospitalization and death.

I A

ACEI – angiotensin converting enzyme inhibitors; HFrEF – heart failure with reduced ejection fraction 
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roborate the effectiveness of b-blocker therapy among 
patients after MI treated with coronary angioplasty [23]. 
Patients treated with b-blockers after discharge from the 
hospital were characterized by lower mortality during 
a 12-month follow-up period (unadjusted relative risk 
[RR] 0.58, 95% CI 0.48-0.71; adjusted HR 0.76, 95% CI 
0.62-0.94) compared to those who did not receive such 
a treatment. However, the benefits of b-blocker therapy 
were limited to patients with impaired left ventricular 
function or to patients with NSTEMI. 

In the era of reperfusion, contrast-induced nephropathy 
is a frequently observed complication, especially among 
elderly patients with renal impairment at baseline. In a study 
conducted on 200 patients undergoing coronarography, of 
which one half received carvedilol and the other half was 
treated with metoprolol, contrast-induced nephropathy 
occurred in 7 patients (7%) treated with carvedilol and 
22 (22%) patients on metoprolol (p=0.003) [24]. 

Lower incidence of contrast-induced nephropa-
thy in the group treated with carvedilol is probably 
attributed to antioxidative properties of the drug. 

The anti-arrhythmic effect also constitutes one of 
the major benefits of carvedilol. A meta-analysis of four 
randomized studies that included a total of 601 patients 
with CAD undergoing coronary artery by-pass grafting 
compared the effects of carvedilol and metoprolol on the 
occurrence of atrial fibrillation during the perioperative 
period [25]. There was significantly lower incidence 
of atrial fibrillation in the group of patients treated with 
carvedilol compared to the group taking metoprolol (OR 
0.50; 95% CI 0.32-0.80). The observed anti-arrhythmic 
effect is also attributed to the antioxidative properties 
of the drug, as well as its effect on ionic currents in 
cardiomyocytes [26]

According to the summary of product characteristics, 
the initial recommended dose of carvedilol is 12.5 mg 
BID for the first two days, followed by 25mg BID [27].

carvedilol in patients with arterial 
hypertension

The 2013 guidelines on management of arterial 
hypertension elaborated by the European Society of 
Hypertension and the ESC consistently recommend 
b-blockers as one of five first-choice drug groups next 
to; ACEI, ARB, thiazide diuretics, and calcium antago-
nists (Table 1) [28]. The same position may be found 
in a document “Principles of management of arterial 
hypertension in 2015” by the Polish Society of Arterial 
Hypertension (PTNT) [29]. In some specific clinical 
situations b-blockers should be preferred over other 
groups of drugs, e.g. in patients with a history of MI, 
with angina pectoris, heart failure, aortic aneurysm, 
tachycardia, arrhythmia, or with hyperkinetic circulation. 

 Combination therapy plays an important role in the 
treatment of arterial hypertension. Optimal drug com-
binations with b-blockers include ACEI and dihydropy-
ridine calcium antagonists. Despite numerous studies 
demonstrating limitations of b-blocker use in patients 
with arterial hypertension, a meta-analysis published 
by Law et al. confirmed similar efficacy of b-blockers in 
prevention of coronary events and very good efficacy in 
prevention of cardiovascular events in patients after MI 
or with heart failure compared to other first-line drugs 
[30-32]. The most important limitations of b-blockers 
found in the literature include: smaller effect on central 
blood pressure and pulse pressure compared to other 
classes of drugs, smaller efficacy regarding regression 
of left ventricular hypertrophy, as well as unfavorable 
metabolic profile, especially in combination with di-
uretics, associated with elevated risk of diabetes or 
weight gain [33-35]. Carvedilol undoubtedly stands out 
against all available b-blockers due to its vasodilative 
properties, making it a preferred agent for the treatment 
of uncomplicated arterial hypertension according to 
the PTNT guidelines [29]. The principal mechanism, 
in which b-blockers reduce blood pressure, includes 
decrease in cardiac output, sympathetic activity and 
production of renin by the cells of juxtaglomerular 
apparatus accompanied by an increase in peripheral 
resistance, which is an undesirable effect. Carvedilol, 
due to the blockade of a1 receptors, lowers blood pres-
sure by reducing peripheral vascular resistance, while 
cardiac output remains generally unaffected. In this 
manner, its hemodynamic profile is similar to ACEI or 
calcium antagonists [36]. Another favorable mechanism 
of carvedilol’s vasodilative effect involves stimulation of 
nitric oxide production by endothelial cells [37]. 

Randomized GEMINI trial was designed in order to 
address the reports suggesting unfavorable metabolic 
profile of b-blockers [38]. This randomized, double-blind 
study included 1235 patients with type 2 diabetes and 
arterial hypertension. Participants were assigned to 
carvedilol (498 patients) or metoprolol (737 patients) 
BID in gradually increasing doses. Primary endpoint 
consisted of mean change in glycated hemoglobin 
(HbA1c) concentration measured at baseline and after 
5 months of therapy. Secondary endpoints consisted of 
improvement in insulin sensitivity and microalbuminuria. 
Significant increase in HbA1c concentration was noted 
in the group of patients treated with metoprolol (mean: 
0.15%, p<0.001) – an effect that was not seen in patients 
treated with carvedilol (mean: 0.02%; p=0.65). More-
over, improvement in insulin sensitivity was observed 
in the carvedilol group (-9.1%; p=0.004) compared to 
metoprolol (-2.0%; p=0.48). Concluding, over several 
months of follow-up therapy with carvedilol improved 
metabolic profile of patients with type 2 diabetes and 
arterial hypertension compared to metoprolol. 
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Left ventricular hypertrophy is one of the com-
plications of arterial hypertension and a significant 
cardiovascular risk factor. The majority of hypotensive 
agents possess the ability to reverse cardiac hyper-
trophy, although this effect was not demonstrated for 
selective b-blockers [39]. In a study by Galzerano et al. 
carvedilol reduced cardiac hypertrophy in patients with 
arterial hypertension, although it was less effective than 
telmisartan in that regard [40]. 

Hypertensive nephropathy is another complication 
of arterial hypertension. It leads to reduction in renal 
blood flow and, as a result, drop in glomerular filtration. 
Traditional b-blockers cause an additional decrease in 
renal blood flow. There are several studies corroborat-
ing the nephroprotective effects of carvedilol, in which 
the drug increased renal blood flow and reduced micro-
albuminuria [41]. In the aforementioned GEMINI trial, 
among patients with arterial hypertension and diabetes, 
but without microalbuminuria at baseline, carvedilol was 
less likely to induce it compared to metoprolol (6.4% 
vs. 10.3%; OR 0.60; 95% CI 0.36-0.97; p=0.04) [38]

According to the summary of product character-
istics, in treatment of arterial hypertension the initial 
recommended dose of carvedilol is 12.5 mg OD for the 
first two days, followed by 25mg OD. It is also allowed 
to increase the dose to 50 mg OD or divided into two 
doses [27]. Stienen et al. presented a rationale for such 
dosing of carvedilol in patients with arterial hypertension 
in his meta-analysis [42]. 

clinical application of carvedilol in 
patients with heart failure

Beta receptor antagonists constitute the basis of 
treatment of heart failure, reducing mortality and mor-
bidity in this group of patients [43,44]. According to the 
ESC guidelines, b-blockers in combination with ACEI 
are recommended for stable, symptomatic patients 
with heart failure and reduced left ventricular ejection 
fraction in order to reduce the risk of hospitalization due 
to heart failure or death (Table 1) [6]. In our previous 
publication we discussed the most important studies 
that made carvedilol the leading agent for treatment 
of patients with heart failure regardless of the severity 
of symptoms assessed according to the NYHA scale 
[44-48] (Table 2). 

One of the most important randomized studies 
involving carvedilol was the COMET trial, which demon-
strated superiority of treatment with carvedilol compared 
to metoprolol, expressed as 17% reduction in all-cause 
mortality in the group of patients with NYHA II-IV heart 
failure, left ventricular ejection fraction <35%, who 
received optimal pharmacological treatment (HR 0.83; 
95% CI 0.74-0.93; p=0.0017) [48]. In 2007 a subanalysis 

of the COMET trial was published aiming to assess the 
mechanism, in which carvedilol reduced all-cause mor-
tality compared to metoprolol and whether it as owed to 
reduction in mortality of some specific cause [49]. Over 
a mean follow-up period of 58 months, 1112 of 3029 pa-
tients died, including 972 deaths of cardiovascular 
causes (480 sudden deaths, 365 deaths due to heart 
failure and 51 deaths due to stroke). Multivariable Cox 
regression analysis demonstrated significant reduction 
in cardiovascular deaths (RR 0.80; 95% CI 0.7-0.91; 
p=0.0009), sudden deaths (RR 0.77; 95% CI 0.64-0.93; 
p=0.0073), and strokes (RR 0,37; 95% CI 0,19-0,71; 
p=0,0027), as well as a trend toward reduction in the 
rate of death secondary to heart failure (RR 0.83; 95% 
CI 0.66-1.04; p=0.07) in patients treated with carvedilol 
compared to metoprolol. Summarizing, in the group of 
patients with heart failure carvedilol was more effective 
in reducing the risk of death regardless of its cause. 

Another interesting analysis compared the results of 
major randomized clinical trials that influenced current 
standards of care in heart failure: CIBIS-II (bisoprolol), 
COPERNICUS (carvedilol), SENIORS-SHF (nebivolol), 
and MERIT-HF (metoprolol) [Wikstrand] [50]. Since 
these studies differed with regard to inclusion criteria, it 
was necessary to select groups of patients among stud-
ied populations in order to allow reliable comparison. 
Reference group that other results were compared to 
consisted of patients from MERIT-HF trial. Similar effica-
cy and satisfactory tolerance of treatment was noted for 
carvedilol, bisoprolol and metoprolol in the population 
of patients with heart failure regardless of NYHA class 
or degree of left ventricular dysfunction, while the effi-
cacy of treatment with nebivolol was lower with similar 
tolerance. Moreover, lower rate of discontinuation of 
the study medication was noted in the carvedilol group. 

The CARMEN trial was the first study to prove that 
early administration of ACEI combined with carvedilol 
leads to reversal of pathological left ventricular remodel-
ing in the group of patients with mild to moderate heart 
failure [51]. The analysis included 572 patients, who 
were randomly assigned to one of three arms: in one 
arm patients received carvedilol (190), in the second - 
enalapril (190), and in the third arm patients received 
a combination of the two (191). Over the course of the 
study, which lasted 18 months, medication doses were 
gradually increased to maximally tolerated. Primary 
endpoint consisted of left ventricular remodeling defined 
as change in end-diastolic volume assessed in trans-
thoracic echocardiography. Treatment with both drugs 
resulted in significant reduction in the left ventricular 
end-diastolic volume index compared to treatment with 
enalapril alone (p=0.0015), proving that it is possible to 
reverse unfavorable left ventricular remodeling. 

Another study that corroborated the beneficial 
effects of carvedilol on left ventricular systolic func-
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tion was the CHRISTMAS trial [52]. Analysis included 
305 patients with chronic heart failure of atherosclerotic 
etiology. Patients were randomized to carvedilol or 
placebo and followed-up lasted for 6 months. Signif-
icant increase in left ventricular ejection fraction was 
observed in patients treated with carvedilol compared 
to placebo (p<0.0001). Also, greater improvement in 
left ventricular systolic function was shown in the group 
of patients with larger area of stunned or stunned and 
ischemic myocardium.

There is an ongoing debate regarding selection of 
an optimal b-blocker for patients with heart failure and 
results of new studies are constantly emerging. Based 
on the data from a national Danish registry Pasternak et 
al. led a cohort study on patients with heart failure and 
impaired systolic function of the left ventricle (≤40%), 
which included 6026 patients treated with carvedilol 
and 5638 patients receiving metoprolol succinate [53]. 
Follow-up lasted for a median of 2.4 years, during 
which there were 875 deaths in the carvedilol group 
and 754 in the metoprolol group (18.3% vs. 18.8%; 
corrected HR 0.99; 95% CI 0.88-1.11). The risk of death 
due to cardiovascular causes did not differ significantly 
between the two groups (corrected HR 1.05; 95% CI 
0.88-1.26). Results of this study suggest similar efficacy 
of treatment with carvedilol compared to metoprolol with 
regard to both all-cause and cardiovascular mortality. 

Another study aiming to explain whether the re-
duction in mortality associated with b-blockers can be 
attributed to a class effect or does it differ for specific 
compounds encompassed 6010 stable patients with 
heart failure and reduced ejection fraction from 3 na-
tional registries: Norwegian, British, and German [54]. 
The study analyzed mortality among patients receiving 
bisoprolol – 302 (29.5%), carvedilol – 637 (37.0%), or 
metoprolol succinate – 1232 patients (37.7%). Univariate 
analysis showed that all-cause mortality was lower in the 
group treated with bisoprolol compared to metoprolol 
(HR 0.80, 95% CI 0.71-0.91, p < 0.01) and in the carve-
dilol arm compared to metoprolol group (HR 0.86, 95% 
CI 0.78-0.94, p < 0.01), while bisoprolol seemed to be 
equally effective as carvedilol (HR 0.94, 95% CI 0.82-
1.08, p = 0.37). However, in propensity score analysis, 
where patients were matched with regard to the type 
of b –blocker used and its dose, it appeared that the 
type of b-blocker did not significantly impact mortality 
(bisoprolol vs. carvedilol: HR 0.90; 95% CI 0.76-1.06; 
p = 0.20; bisoprolol vs. metoprolol HR 1.10, 95% CI 
0.93-1.31, p = 0.24; and carvedilol vs. metoprolol HR 
1.08, 95% CI 0.95-1.22, p = 0.26).

The above observations are not in line with an article 
recently published in American Heart Journal, which re-
ported superiority of carvedilol compared to metoprolol 
succinate in the largest to date group of patients with 
heart failure and impaired left ventricular systolic func-
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tion [55]. Primary analysis included 114 745 patients 
with heart failure treated with carvedilol or metoprolol 
and, after propensity score analysis, patients were 
matched with regard to age, sex, comorbidities, other 
medication and their doses, resulting in homogeneous 
groups of 43 941 patients in each arm of the study. 
Higher mortality was noted among patients treated with 
metoprolol compared to carvedilol (corrected HR 1.069; 
95% CI 1.046-1.092; p<0.001) over a 3.5-year observa-
tion period, while in a 6-year prognosis the probability of 
survival was higher in patients on carvedilol compared 
to the metoprolol group (55.6% vs. 49.2%; p<0.001).

Nebivolol is another, beside carvedilol, third-gener-
ation b-blocker with vasodilative properties. The aim of 
a study conducted by Patrianakos et al. was to compare 
the effects of carvedilol vs nebivolol on function of the 
left ventricle and exercise capacity in 72 patients with 
heart failure due to dilated cardiomyopathy [56]. Carve-
dilol arm consisted of 38 patients, while 34 subjects 
received nebivolol. Echocardiographic examination and 
exercise tests were conducted before the commence-
ment of treatment, after 3 and 12 months of therapy. 
Improvement in left ventricular function in relation to 
baseline values was observed during treatment with 
both compounds, although greater improvement was 
noted in the group treated with carvedilol compared 
to nebivolol, both after three months (p=0.004) and 
after a year (p=0.02). Moreover, among patients in 
the carvedilol arm, improvement in diastolic function 
was observed after only 3 months of therapy (p=0.02), 
while in the nebivolol group gradual improvement was 
observed after as long as a year (p=0.02). Exercise 
capacity was enhanced over a 1-year follow-up period 
in both study groups (p=0.01 for both groups), although 
in the nebivolol group researchers observed transient 
worsening after 3 months of treatment (p=0.07).

conclusions 

Possible indications for carvedilol are very broad 
and, due to its unique properties that go far beyond the 
traditional b receptor blockade, the drug may be used 
as a hypotensive, anti-anginal, or anti-arrhythmic agent, 
however, it is definitely the number one choice for the 
treatment of patients with heart failure. Despite being 
a non-selective b-blocker, due to concomitant a1 recep-
tor blockade it exhibits vasodilative action and avoids 
the disadvantages associated with this generation of 
b-blockers. Patients, who gain the greatest benefit from 
carvedilol therapy are those with heart failure, after MI, 
with impaired left ventricular function, at risk of devel-
oping life-threatening arrhythmias or atrial fibrillation. 
Among numerous patients with arterial hypertension, 
carvedilol will be a particularly good choice for young 

patients, with hyperkinetic circulation, or arrhythmias, 
women of child-bearing age, or patients with coexisting 
metabolic syndrome. hyperlipidemia or diabetes and 
indications for b-blockade. It should be also empha-
sized that in randomized, double-blind clinical trials 
carvedilol reduced hard endpoints, such as mortality, 
compared to placebo. The evidence from numerous 
studies comparing carvedilol to other drugs of the 
same class also corroborates the uniqueness of this 
compound. Typical blockade of b receptors, favorable 
metabolic profile, and beneficial hemodynamic profile 
due to a1 receptor antagonism combined with vastness 
of pleiotropic effects make carvedilol a leader among 
b-blockers across all of its indications. 
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AbstrAct
Scientists have been trying to find the best parameter for laboratory assessment of the risk of cardio-

vascular diseases (CVD) for decades. Initially, the results of many studies indicated that the analysis 

of the lipid profile was sufficient to evaluate the risk of CVD. Further studies revealed that more precise 

laboratory prediction of cardiovascular risk requires quantification of atherogenic lipoproteins. Recently, 

angiopoietin-like proteins 3, 4 and 8 (ANGPTLs) have been described as important regulators of plasma 

lipoprotein metabolism and triglyceride homeostasis. Mutations in ANGPTL3 leading to loss of its function 

have been linked to decreased risk of CVD in humans. Among potential new targets for the management 

of dyslipidemia, ANGPTL3 may become a considerably promising one.
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Introduction

Cardiovascular diseases are considered to be 
a serious problem of the 21st Century. In Poland, in 
spite of the increased number of invasive interventions, 
cardiovascular diseases are still the cause of more than 
35 percent of deaths in individuals before the age of 
64. The most common cause of cardiovascular diseases 
(> 90%) is coronary atherosclerosis, which is a chronic 
inflammatory process. Some other causes of the dis-
ease are coronary artery spasm, an embolism or injury 
of a coronary artery. The risk factors for the occurrence 
of CVD include lipid disorders, hypertension, cigarette 
smoking, obesity, stress, diabetes, low physical activity, 
hyperhomocysteinemia and an inappropriate diet. The 
risk factors that are non-modifiable and can also lead to 
disease comprise the family history of coronary artery 
disease, gender and age [1].

Routine laboratory assessment of the cardiovascu-
lar risk, in general, includes the traditional lipid profile 
measurement. The key components are: calculated or 
measured LDL-cholesterol (LDL-C), HDL-cholesterol 
(HDL-C) and triglycerides (TG), measured with direct 
methods. Increased levels of lipids are an important 
risk factor for atherosclerosis development. Additional 
tests, which are not carried out routinely but are char-

acterised by their high diagnostic value, include the 
measurements of apolipoproteins: apoB and apoA-I and 
lipoprotein (a). Estimation of the ratio of apoB/apoA-I, 
total cholesterol (TC) to HDL-C or calculation of non-
HDL cholesterol enables a better assessment of the 
risk of CVD [2]. 

Cholesterol level is a significant predictor of car-
diovascular risk, however, despite its decrease after 
treatment, there is still a risk of ischaemic heart disease 
[3]. It is related to LDL particles heterogeneity and the 
low level of HDL-C. The occurrence of small, dense LDL 
particles correlates with the presence of triglyceride-rich 
lipoproteins and a lowering of the HDL-C level. Small, 
dense LDL particles are more atherogenic and their 
number reflects the level of apolipoprotein B (ApoB). 

Numerous studies indicated that there is also a sig-
nificant correlation between the small, dense LDL and 
the risk of ischaemic heart disease. It has been shown 
that the presence of small, dense LDL may increase the 
risk by 7 times [4–7]. 

Lipoprotein lipase (LPL)

Lipoprotein lipase (LPL) is a key enzyme taking 
part in triglyceride metabolism. LPL is produced in 
macrophages, adipose tissue, heart and skeletal mus-
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Figure 1. Lipoprotein lipase domains function [8], modified by authors. 

Figure 2. Lipoprotein lipase action [9], modified by authors

cles. The enzyme is secreted from parenchymal cells 
(e.g. adipocytes, cardiomyocytes) as a homodimer. 
Lipoprotein lipase consists of two domains: a larger N-ter-
minal domain, which contains the lipolytic active site and 
apolipoprotein interaction site, and the smaller C-terminal 
domain which is responsible for the substrate specificity. 
The domains are linked by a peptide bond. Lipoprotein 
lipase is functional as the head-to-tail dimer (Fig.1).

LPL is transported by glycosylphosphatidylinositol 
anchored high-density lipoprotein-binding protein 
1 (GPIHBP1) to the vascular lumen to become functional 
at the endothelial cells surface [8]. The regulation of 
LPL occurs at the level of transcription by peroxisome 
proliferator-activated receptor PPARa (in the liver) and 
PPARg (in adipose tissue) and post-translation level 
by microRNAs. The activity of LPL is dependent on the 
nutritional status; in adipose tissue is particularly high 
in the fed state whereas in heart and skeletal muscles 
the regulation is tighter.

Lipoprotein lipase plays an important role in the 
metabolism of TG-rich lipoproteins by hydrolysis of 
triglycerides, transported by chylomicrons and very 
low-density lipoproteins (VLDL), to free fatty acids and 
glycerol. Among several regulators of LPL activity apo-
lipoproteins C-II, C-III and angiopoietin-like proteins 3, 
4, 8 seem to be the most important. The presence of 
apolipoprotein C-II on TG-rich and HDL lipoproteins is 
essential for the activation of lipoprotein lipase (Fig.2) [9].

Under the influence of lipase activity, the VLDL parti-
cle loses triglyceride content and shrinks, transforming 
into LDL. During the transformation of VLDL into LDL, 
their apolipoprotein content changes. During lipolysis 
apolipoprotein C-III, which is found mainly on VLDL, is 
released into the blood stream. Apo-CIII is known as 
an inhibitor of lipoprotein lipase, however, according to 
recent data the inhibition of LPL depends on the ratio of 
apoC-III to apoC-II [10]. Thus apoC-III should be regard-
ed as a factor involved in triglyceride homeostasis. Free 
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fatty acids formed during lipolysis are further transferred 
to the adipose tissue or muscles, where they can be 
used for energy production or stored. 

Additionally, LPL is involved in the atherogenesis 
since it influences the interaction between atherogenic 
lipids and the surface of endothelial cells of arterial 
vessel walls [11]. Changes of LPL activity may occur in 
some pathophysiological processes related to obesity, 
diabetes, chylomicronemia and atherosclerosis [12].

Angiopoietin-like proteins (ANGPtLs)

Angiopoietin-like proteins (ANGPTLs) are a group 
of eight proteins that are structurally similar to the an-
giopoietin, however, they do not bind to the receptors 
specific for angiopoietins. Three of these proteins 
ANGPTL3, ANGPTL4 and ANGPTL8 are related to lipo-
protein metabolism as they regulate lipoprotein lipase. 
ANGPTL3 and ANGPTL4 contain an amino-terminal 
coiled-coil domain, carboxy-terminal fibrinogen-like 
domain and a linker. ANGPTL8 is an exception since it 
does not contain the fibrinogen-like domain. They are 
released into the circulation from the liver and adipose 
tissue with exception of ANGPTL3, secreted only from 
the liver, and named a hepatokine [13]. In the fed state 
both, ANGPTL3 and ANGPTL8 act together inhibiting 
lipoprotein lipase. Expression of ANGPTL4 is increased 
in the fasting state and then ANGPTL4 may inhibit LPL. 
Although ANGPTLs are structurally similar, they exhibit 
a slightly different biological activity. ANGTPL3 is reg-
ulated by the liver X receptor which acts as a sensor 
of cholesterol metabolism and lipid biosynthesis, while 

ANGPTL4 expression is regulated by the peroxisome 
proliferator-activated receptors (PPARs) that influence 
adipocyte differentiation, insulin sensitivity and lipid me-
tabolism [14, 15]. The mechanism of ANGPTL4 activity 
is based on the inhibition of LPL partly by dissociation 
of active LPL dimers to an inactive LPL monomer. 
Transcription of ANGPTL4 is under the control of the 
peroxisome proliferator-activated receptors (PPARs) 
and the level of fatty acids (Fig.3).

In tissues such as, for example, a heart, the produc-
tion of ANGPTL4 is stimulated by fatty acids, which can 
protect the cells from an excessive fat uptake. LPL, on 
the surface of endothelial cells, forms a complex with 
GPIHBP1 which is responsible for the transport and 
entry of LPL into capillaries in the process of lipoly-
sis. ANGPTL4 is capable of binding and inactivating LPL 
complexed to GPIHBP1. ANGPTL4 is a strong inhibitor 
of lipoprotein lipase which hydrolyses triglycerides in 
chylomicrons and VLDL. By means of this mechanism, 
the protein inhibits release of free fatty acids and their 
further uptake by adipose tissue, skeletal muscles and 
cardiac muscle. It is suggested that all three ANGPTLs 
have different roles in lipid metabolism. ANGPTL3 seems 
to be a new treatment target to decrease circulating 
cholesterol and triglyceride levels in patients with dys-
lipidemia [16]. Mutations in the gene of ANGPTL3 and 
ANGPTL8 in humans, leading to inactivation of proteins, 
were shown to reduce triglyceride and cholesterol levels 
due to an elevation of LPL activity. Interestingly, similar 
mutations in ANGPTL4 did not affect significantly lipid 
levels. Dewey et al. [17] showed in their studies that in 
1661 individuals with heterozygous missense mutations 
of ANGPTL4 protein, the triglycerides level was lower 

Figure 3. ANGPTL4 as an inhibitor of lipoprotein lipase (LPL) [15], modified by authors
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by 13 %, and the HDL-C level was higher by 7% than 
in individuals without this mutation. 

ANGPTL3 and ANGPTL4 levels can be determined 
by commercial enzyme-linked immunosorbent as-
says [18]. However, due to the fact that ANGPTLs 
undergo proteolytic cleavage in the circulation, it is 
important to report which form of these proteins were 
assayed. Cleavage of ANGPTL3, probably facilitated by 
ANGPTL8, leads to release of the N-terminal domain 
from ANGPTL3 and restore LPL activity for TG hydroly-
sis. ANGPTL4 is also cleaved in the linker region and as 
ANGPTL3 is present in the circulation in full-length and 
truncated form [16]. Recently, Morinaga et al reported 
that circulating full-length form of ANGPTL3 levels were 
directly and significantly correlated only with C-reactive 
protein (hsCRP) values and liver enzymes activity when 
assayed in a population of adult women and men un-
dergoing routine health check-ups [16]. As the cleaved 
form of ANGPTL3 was found to be the active one, fur-
ther studies are needed to confirm its association with 
triglyceride and/or cholesterol reduction. Interestingly, 
in the same study, a significant positive correlation was 
found between ANGPTL8 and triglycerides and LDL-C 
and negative with HDL-C levels, indicating its role in lipid 
metabolism. What is more, a significant interaction of 
ANGPTL3 and ANGPTL8 with serum triglyceride levels 
was shown. 

In conclusion, several studies confirm that angiopoi-
etin-like proteins may be potential new biomarkers for 
the cardiovascular diseases risk assessment [16, 17, 
19, 20, 21]. However, in spite of playing an important 
role in the lipoprotein metabolism, currently, they are 
not used in the routine diagnostics due to the technical 
limitations in their measurement.
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A 28-year-old man was admitted to the hospital 
due to strongly expressed dyspnoea, cough and pe-
ripheral oedema. The above symptoms started about 
4 weeks before the admission and had significantly 
increased in the last 2 days. In addition, he report-
ed the occurrence of papulopustular, itchy rash 
for several months. In 2013 and 2014, the patient 
underwent chemotherapy and radiotherapy for Hod-
gkin’s lymphoma (HL) which resulted in obtaining 
a remission. No other medical history was presented. 
At the admission, for a screening test, a transthoracic 
echocardiography was made which revealed a large 
amount of pericardial fluid and pathological mass 
in the heart. A  pericardiocentesis was performed 
promptly to decompress the cardiac tamponade and 
to collect material for histopathological examination. 
Unfortunately, immunohistochemistry did not allow 
to make a diagnosis. After the pericardial drainage, 
the patient’s condition was stabilized, enabling 
further diagnostic processes. Initially, we decided 
to perform a  full echocardiographic examination, 
that showed irregular, heterogeneous masses 
which were encompassing the base of the heart, 
filling the right ventricle and the majority of the right 
atrium. Subsequently, we utilized imaging studies 
to determine the size of the lesion and the extent 
of its infiltration. Computed tomography scan and 
magnetic resonance imaging of the chest revealed 
the presence of fluid in pleural cavities and pericar-

dial sac, as well as the distorted image of the heart 
due to advanced infiltration. The pathological mass 
was extending from upward and downward of the 
cardiac wall, penetrating the interventricular septum, 
and growing into the right heart cavities. The lesion 
adhered tightly to the anterior chest wall, causing the 
mass effect on the left atrium. Moreover, the tumour 
was covering and pressing on big vessels, such as 
lung trunk, the aorta, left carotid artery and subcla-
vian artery. In addition, numerous enlarged lymph 
nodes were observed in the mediastinum. Subclavi-
an and cervical lymph nodes were palpable during 
the physical examination. Regarding the history of 
HL, the lymph node biopsies were evaluated in the 
histopathological examination, which described 
findings typical to HL. Immediate standard treatment 
was started with adriamycin, bleomycin, vinblastine 
and dacarbazine. PET-CT scan, conducted after two 
treatment cycles, revealed numerous, enlarged, 
diseased lymph nodes, and the patient had been 
qualified for chemotherapy with brentuximab vedotin 
and bendamustin. After two treatment cycles, the 
PET-CT study was repeated. The image of nodal 
lesions corresponded to the significant metabolic 
and morphological regression, and significant reduc-
tion of cardiac lesions was described. The patient’s 
condition has normalized, all symptoms have disap-
peared and the physical capacity has returned. The 
patient continues haematological treatment.
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Figure 1. Legend

A – Echocardiography – parasternal short axis projection – pathological mass filling the right ventricle
B – Echocardiography – parasternal long axis projection – pathological mass filling the right ventricle
C – Echocardiography – untypical apical projection – preserved residual flow through the right ventricle
D – Magnetic resonance – pathological mass filling the right ventricle, passing through the free wall of the right ventricle, 
reaching to the wall of the chest
RV – right ventricle
LV – left ventricle
Tu – tumour

Discussion

HL metastases in the heart are described on the ba-
sis of sectional studies in approximately 25% of cases 
(1). Occasionally, the cardiac manifestation of HL in the 
form of arrhythmias, heart failure, cardiac tamponade, 
overtakes other symptoms (2). It should be noted, that 
the pericardial fluid does not have to result from HL 
metastases to the heart tissues. It may be associated 
with impaired flow caused by the blockage of lymphatic 
or/and venous drainage of pericardial fluid associated 
with neoplasmatic cells or the compression of enlarged 
lymph nodes (3). The existence of cardiac alterations 
in the course of HL may hinder the evaluation of late 
effects of treatment. Therefore, the prognosis should 
be determined on the basis of typical criteria (4).
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