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PREFACE

Dear Readers, Authors, Reviewers,  
Members of the Scientific Committee and Section Editors,

It  is  my great pleasure to  welcome you all to  the  30th year 
of Advances in Clinical and Experimental Medicine! I thank 
you for staying with us as our community continues to expand.

Advances in  Clinical and Experimental Medicine has been 
published by  the  Wroclaw Medical University since 1992. 
The originator, organizer and first Editor-in-Chief of the jour-
nal (1992–1997) was Prof. Bogumił Halawa. The journal was 
then entitled Postępy Medycyny Klinicznej i Doświadczalnej 
and appeared quarterly. Since 1997 the  journal was headed 
by Prof. Leszek Paradowski who in 1998 introduced changed 
in the journal’s profile and cover design. The title was changed 
to Advances in Clinical and Experimental Medicine to welcome articles in English. Moreover, a number of out-
standing representatives of medical science from Poland and abroad were invited to participate in the newly 
established International Editorial Staff. In years 2000–2005 Prof. Antonina Harłozińska-Szmyrka was journal’s 
Editor-in-Chief and in years 2006–2007 once again Prof. Leszek Paradowski. Professor Maria Podolak-Dawid-
ziak continued their role in years 2008–2016 and in 2017–2020 the journal’s Editor-in Chief was Prof. Maciej 
Bagłaj. Today, I am honored to continue the journey full of challenges of my venerable predecessors.

2021  has inherited the  challenges of  2020. While a  global pandemic has been a  looming risk for decades, 
COVID-19 has come as a shock to society, health systems, economies and governments worldwide. In the midst 
of  extraordinary challenges and uncertainty, and countless personal tragedies, leaders are under pressure 
to make decisions on managing the immediate impact of the pandemic and its consequences, decisions that 
will shape the state of the world for years to come. The world of science has redirected its interests to the fight 
against COVID-19 – this is an urgent and important challenge. In this difficult context, we are confronted with 
the next stages of the journal’s development: the need to improve the scientific level of published papers and 
the internationalization indicators. We would like Advances in Clinical and Experimental Medicine to be pres-
ent not only in databases and among the journals cited by you, but most of all – in your scientific life. Hence 
the decision to establish the journal as part of scientific conferences and in social media.

The wide range of topics of the journal can be a strength, but also a weakness of our scientific activity – hence 
the decision to publish Call for Submissions by Section Editors on a regular basis. The topics of the issues pub-
lished as part of these calls will concern the most current scientific trends.

We started this busy year with the great support of the Rectors’ authorities of Wroclaw Medical University, our 
new members of the Scientific Committee and new Section Editors – please accept my sincere thank you for 
joining the Editorial Board efforts. However, we really count on the support of those without whom no jour-
nal can exist: Authors and Reviewers, coming from the farthest scientific institutions of the world. We are all 
an international community in which the most important value is the development of science to help patients 
– this mission will guide the term of the Editorial Board in 2021–2024.

On the occasion of this New Year 2021, and on behalf of Advances in Clinical and Experimental Medicine 
Editorial Board, I  wish you much fulfilling time spent with your loved ones, perseverance in  carrying out 
the projects of your passion, and success in your research projects which, I hope, will result in publications 
on the pages of Advances in Clinical and Experimental Medicine!

Prof. Donata Kurpas 
Editor-in-Chief
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Abstract
Background. Reduced tooth structure in the pediatric and adolescent population is frequently restored 
with prefabricated zirconia crowns. On permanent teeth, these restorations may need to be removed and 
replaced with permanent restorations.

Objectives. To explore and compare the use of 2 high-powered erbium lasers for removing prefabricated 
zirconia crowns from molar teeth as a non-invasive alternative to rotary instruments.

Material and methods. Twenty-five permanent molars were prepared to dentin and prefabricated 
all-ceramic zirconia crowns were fitted and cemented with resin modified glass ionomer (RMGI) cement. 
The teeth were randomly assigned into one of the 2 retrieval treatment groups: the erbium-doped yttrium, 
aluminum and garnet (Er:YAG) laser group (G1; n = 12) or the erbium, chromium-doped yttrium, scandium, 
gallium and garnet laser (Er,Cr:YSGG) laser group (G2; n = 13). The laser operating parameters for the Er:YAG 
laser were 300 mJ, 15 Hz, 4.5 W, and 50-microsecond pulse duration (SSP mode); for the Er,Cr:YSGG laser, 
they were 4.5 W, 15 Hz, 20 water/20 air, and 5 W, 15 Hz, 50 water/50 air, and 60-microsecond pulse duration 
(H mode). The experiment was repeated twice. The surface area and the volume of teeth and crowns were 
measured and the cement space was calculated. The retrieval time and temperature changes were tested 
and recorded. The data were analyzed with the t-test. The surfaces of the dentin and the crown from each 
group were further examined using scanning electron microscopy (SEM).

Results. The average time for crown removal using the Er:YAG laser was 1 min 32.7 s; for the Er,Cr:YSGG 
laser it was 3 min 13.9 s (p < 0.0001). The mean temperature changes were 1.41 ±1.36°C for the Er:YAG laser 
and 2.2 ±0.99°C for the Er,Cr:YSGG laser (p = 0.0321). The SEM examination showed no damage or major 
structural changes caused by treatment with either erbium-family laser.

Conclusions. Both lasers are effective, non-invasive tools to remove prefabricated zirconia crowns cemented 
with resin cement and should be considered as viable alternatives to rotary instrumentation.

Key words: debonding, erbium laser, glass ionomer, prefabricated crown, zirconia
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Introduction

Prefabricated crowns are a commonly used, predictable 
restorative option indicated for severely decayed or dam-
aged teeth in the pediatric population. The goal of using 
them is to restore masticatory function, preserve healthy 
tooth structure, facilitate oral hygiene, and offer a durable, 
cost-effective treatment outcome.1 With the development 
of biomaterials and an increased desire for esthetic out-
comes, tooth-colored restorations, such as monolithic ce-
ramic crowns, are gradually replacing traditional stainless 
steel crowns. Zirconia is a biocompatible, high-strength, 
wear-resistant, and color-stable material combining func-
tion and esthetics.1 In the case of secondary caries, end-
odontic interventions and demand for a permanent resto-
ration, it can be challenging and unpleasant for a pediatric 
dental patient to have these high-strength, all-ceramic 
materials removed using rotary instruments.

Recent studies have demonstrated a predictable way 
of retrieving ceramic restorations using erbium lasers: 
an erbium, chromium-doped yttrium, scandium, gallium 
and garnet laser (Er,Cr:YSGG), or an erbium-doped yt-
trium, aluminum and garnet laser (Er:YAG). They have 
emission wavelengths of 2780 nm and 2940 nm, respec-
tively, which correlates with the peak absorption range 
of water.2–4 This results in good absorption into biological 
tissues and materials containing water, making them suit-
able for ablation, vaporization, disinfection,5–8 treatment 
of caries and osseous tissue,9–11 and other beneficial bio-
logical effects.9,12 The use of erbium lasers has also been 
explored in the removal of translucent restorations such 
as  composite restorations, fiber-reinforced composite 
posts,13 veneers,14,15 brackets,16 and ceramic crowns.5,17–20 
The light emitted by erbium lasers is transmitted through 
the translucent ceramic materials and is selectively ab-
sorbed by  water molecules and residual monomers 
in the resin and glass ionomer cements. This absorption 
results in the vaporization of the molecules and ablation 
of the cement and hydrodynamic ejection.17,20 The mecha-
nism of action for laser ablation in hard tissue or cement 
is based on rapid subsurface expansion. The volume of wa-
ter trapped within the mineral substrate or cement is ex-
panded and causes micro-explosions of the surrounding 
material or tissue.21 Heat generation is inevitable and has 
to be considered to prevent thermal injury of the pulpal 
tissues.22 Temperature changes during laser irradiation 
should remain within a tolerable range so as not to affect 
the vitality of the pulp and surrounding tissues.

The time required to remove lithium disilicate crowns 
with high-speed burs is approx. 6 min, while laser-assisted 
removal is estimated to take 60–90 s.20 Using an Er:YAG 
laser for crown removal has been shown to be an  effective 
and safe method; however, the parameters have not yet 
been optimized and iatrogenic damage has been reported 
in the literature when using higher laser settings.20,23,24 
 Recent studies have suggested that an Er:YAG laser presents 

an effective, efficient method for removing lithium disili-
cate and zirconia crowns from implant abutments with-
out causing damage to either or significantly increasing 
the temperature in the process.17,18 Similar studies have 
been performed on human teeth using an Er,Cr:YSGG 
laser, reporting acceptable temperature changes and ef-
fective zirconia and lithium disilicate crown removal.5 
Both Er:YAG and Er,Cr:YSGG lasers have been shown 
to  be effective and safe, although differences do exist 
in absorption and ablation efficiency between the 2 er-
bium lasers. The Er:YAG laser has been shown to be more 
efficient in enamel and in dentin due to a higher absorp-
tion compared to the Er,Cr:YSGG laser.23–28 Closer study 
of the absorption peak between the 2 lasers shows three-
fold higher absorption coefficients for the Er:YAG laser 
over the Er,Cr:YSGG one. Consequently, the heat generated 
by the Er,Cr:YSGG laser has more time to spread deeper 
into the irradiated tissue or material, resulting in a thicker 
indirectly heated zone, which thermally affects the tooth 
or surrounding tissues more. This undesirable heating 
causes a waste of energy, resulting in reduced ablation effi-
ciency25 and more charring compared to the Er:YAG laser.27

The aim of this in vitro study was to assess and com-
pare the  time of  laser irradiation required to  retrieve 
the cemented prefabricated zirconia crowns, and to as-
sess the  temperature changes during irradiation with 
Er:YAG and Er,Cr:YSGG pulsed lasers using similar op-
erating parameters. An additional aim was to evaluate 
whether the length of laser irradiation required to debond 
the crown is related to the abutment or crown surface area.

Material and methods

In this research, we complied with the World Medical 
Association (WMA) Declaration of Helsinki and the Code 
of Medical Ethics of Virginia Commonwealth University 
(VCU).

Twenty five permanent molars were stored in saline af-
ter extraction.29 The teeth were evaluated for the amount 
of remaining non-carious tooth structure and were ex-
cluded from the study if they presented with fractured 
crowns, gross caries or previous restorations.

All teeth were prepared following the manufacturer’s in-
structions with 1–2 mm of occlusal reduction and 20–30% 
overall clinical crown reduction. The  preparation was 
slightly tapered with a chamfer and feather-edge margin 
to ensure the passive fit of the selected prefabricated zirconia 
crowns (NuSmile, Houston, USA). All teeth were numbered 
and the prepared surfaces were scanned with an intraoral 
scanner (Planmeca Emerald; Planmeca, Helsinki, Finland) 
(Fig. 1A). All prefabricated zirconia crowns were air-dried 
and cemented using BioCem Universal  Active Cement 
resin modified glass ionomer (RMGI) cement (BioCem; 
NuSmile) according to  the manufacturer’s instructions. 
The crowns were carefully seated and stabilized with finger 
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pressure for approx. 20 s. The cement was polymerized for 
5–10 s with a curing light (800–1200 mW/cm2) on both 
the facial and lingual sites. After gently removing any ex-
cess cement, the crowns were polymerized for an additional 
20 s on the facial, lingual and occlusal surfaces, mimicking 
the clinical situation where interproximal sites are not acces-
sible. All the teeth were stored in a humidor for 24–48 h be-
fore retrieval was initiated. Following cementation, a 2nd 
scan of each tooth with a cemented crown was made. All 
stereolithographic files (STL format) were imported into 
Meshmixer© software (MeshMixer©; Autodesk, San Rafael, 
USA) in order to calculate the prepared tooth surface area 
[mm2] and cement volume [mm3]. Both scans were super-
imposed and sectioned at the marginal line of the crown 
to determine the exact margin of the bonding surface area 
on the prepared teeth. The volume of the bonded tooth 
preparation and the overall volume of the tooth, cement 
and crown were measured. The cement volume was then 
calculated from the difference between the overall volume 
and sum of the volumes of bonded tooth preparation and 
prefabricated crown. The prefabricated crown volumes were 
provided by the manufacturer (Fig. 1B).

The teeth were divided into 2 groups according to the la-
ser used for the debonding procedure.

Group 1 (G1): debonding with Er:YAG laser (LightWalker; 
Fotona, Ljubljana, Slovenia). The 1st debonding experiment 
was labeled G1-FL1 (n = 12) and the 2nd debonding experi-
ment was labeled G1-FL2 (n =10).

Group 2 (G2): debonding with Er,Cr:YSGG laser (Water-
lase; Biolase, Irvine, USA). The 1st debonding experiment 
was labeled G2-BL1 (n = 13) and the 2nd debonding experi-
ment was labeled G2-BL2 (n = 13). 

Each crown was debonded twice to determine whether 
the previous laser debonding process would affect adhe-
sion properties or shorten the  time needed to retrieve 
the crowns.

The laser settings in this study were chosen based on re-
ports from previous studies, manufacturers’ recommenda-
tions and our observations. The goal was to achieve mini-
mal retrieval time at the lowest possible settings to avoid 
potentially harmful temperature increases and irreversible 
damage to the tooth substance. The laser irradiation was 
combined with light tapping forces and digital manipula-
tion of the crowns for their retrieval.

Experiment 1

The settings used for the Er:YAG laser were the same 
for both experiments (G1-FL1 or G1-FL2) and were based 
on our observations from previous studies.17,18 The oper-
ating parameters of the laser were 300 mJ, 15 Hz, 4.5 W, 
and 50-microsecond pulse duration (super-short pulse 
(SSP) mode) with the non-contact H02 tip. The settings 
for the Er,Cr:YSGG laser were closely matched in  the 
1st   experiment (G2-BL1): 4.5 W, 15 Hz, 20 water/20 air, 
and 60-microsecond pulse duration with the  Turbo 
MX9 handpiece.

After the 1st debonding, the crowns were cleaned accord-
ing to the manufacturer’s recommendations and checked 
for cracks and damage. The remaining cement and debris 
was removed from the tooth using a dental air polishing 
and the crowns were re-cemented using the same cement 
and cementation procedure. All teeth were stored in a hu-
midor for 24–48 h before the 2nd retrieval.

Fig. 1. Prepared surfaces of teeth (A) and cameo surfaces of the crowns (B) were scanned to calculate tooth surface area and the tooth volume
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Experiment 2

The 2nd experiment was repeated using the same laser 
parameters for the Er:YAG laser (G1-FL2). Slight modifi-
cations were made to the Er,Cr:YSGG laser settings based 
on the manufacturer’s recommendations: 5 W, 15 Hz and 
50 water/50 air with the Turbo MX9 handpiece (G2-BL2).

Laser debonding procedure

The crowns were irradiated in a continuous motion 
of  the  handpiece on the  buccal, occlusal and lingual 
surfaces, including the crown margins in a back-and-
forth motion 2–5 mm from the crown surface for 30 s. 
The  proximal surfaces were not irradiated in  order 
to  mimic adjacent teeth being present in  the  mouth. 
To test whether the crown could be removed, it was ma-
nipulated with digital palpation and a crown tapping 
instrument applied to the buccal and lingual margins. 
If  the crown could not be successfully removed, addi-
tional 30-second intervals of  irradiation and tapping 
followed. These intervals were repeated until the crown 
could be successfully retrieved.

Surface evaluation

After debonding, each crown and tooth were examined 
visually and under a microscope using ×40 magnifica-
tion (Leica M320; Leica Microsystems, Wetzlar, Germany) 
to analyze the adherence of the cement and any damage 
to the tooth or the intaglio surface of the crown. The sur-
faces of  the sample teeth and crowns were further ex-
amined under a  scanning electron microscope (SEM) 
(JEOL 6610LV; JEOL, Tokyo, Japan) in order to examine 
the structural integrity and any possible surface damage 
to the crown and tooth caused by the laser irradiation. 
The specimens were treated using a low-vacuum mode 
with an energy range of 20 kV and they were not coated.

Pulpal temperature

Following crown cementation, a channel (3–4 mm in di-
ameter) was drilled through the furcation into the pulpal 
chamber of each tooth to facilitate the insertion of a mi-
crothermal couple probe (Adv. Thermocouple Therm. 
with RS 232 Output Datalogger Type K-800008; Super 
Scientific Works Pvt. Ltd., Vadodara, India) into the pulpal 
chamber (Fig. 2). Before initiating laser irradiation, base-
line pulpal temperatures were recorded. The temperature 
in the pulpal chamber was recorded every 30 s.

Statistical analysis

The data was analyzed using equal and unequal variance 
t-tests, as appropriate. Associations between crown met-
rics (inner and outer surface area and spacer volume) were 
assessed using Pearson’s correlation coefficient. The sig-
nificance level was set at 0.05. SAS EG v. 6.1 software (SAS 
Institute, Cary, USA) was used for all of the analyses.

Results

Er:YAG laser

The average time for crown removal using the Er:YAG 
laser in group 1 was 1 min 33.8  s  (standard deviation 
(SD) = 16.8 s) for the 1st experiment (G1-FL1) and 1 min 
31.5  s  (SD  =  16.5  s) for the  2nd experiment (G1-FL2). 
There was no statistically significant difference between 
the 2 groups (p = 0.6480).

The irradiation time required to debond the crown was 
positively correlated with the spacer volume (r = 0.67; 
p = 0.0007). Debonding time was not significantly associ-
ated with inner (r = −0.21; p = 0.34) or outer (r = −0.14; 
p = 0.55) surface area. Table 1 includes correlations for 
the study groups.

Fig. 2. To measure temperature changes inside the tooth during the laser irradiation, a channel was prepared through the furcation (A) to enable insertion 
of the temperature probe (B) into the pulpal chamber (C)
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Er,Cr:YSGG laser

The average time for crown removal using the Er,Cr:YSGG 
laser in group 2 was 2 min 34.7 s (SD = 67.9 s) for the 1st 
experiment (G2-BL1) and 3 min 53.1 s (SD = 63.8 s) for 
the 2nd experiment (G2-BL2), which indicated a statistically 
significant difference between the 2 groups (p = 0.0058).

The irradiation time required to debond the crown was 
positively correlated with both outer surface area (r = 0.52; 
p  =  0.01) and inner surface area (r  =  0.59; p  =  0.002). 
 Irradiation was not significantly correlated with spacer 
volume (r = 0.29; p = 0.16). Table 1 includes correlations 
for the study groups.

Comparison: Er:YAG vs Er,Cr:YSGG

The 1st debonding was, on average, 60.9 s faster (stan-
dard error (SE)  =  20.2) for the  Er:YAG laser than for 
the  Er,Cr:YSGG laser, which was a  statistically sig-
nificant difference (p = 0.0076). For the 2nd debonding, 
the Er:YAG laser was 2 min 21.6 s faster, on average, than 
the Er,Cr:YSGG laser, which was also statistically signifi-
cant (p < 0.0001) (Fig. 3).

Pulpal temperature

The mean temperature changes were 1.40 ±1.36°C for 
the Er:YAG laser and 2.2 ±0.99°C for the Er,Cr:YSGG la-
ser (p = 0.0321). For both erbium lasers, the differences 
in temperature change between the 2 debonds were not 
statistically significant (p = 0.23 and 0.76, respectively). 

All pulpal temperatures remained within a safe range, 
with the  highest recorded temperature change of  5°C 
for Er:YAG and 4°C for Er,Cr:YSGG. These temperatures 
should be interpreted with caution, as they reflect vari-
ous other factors such as the temperatures of the room 
and water. The temperature range during the irradiation 
is shown in Table 2.

Scanning electron microscopy analysis

After irradiation, none of the teeth or crowns appeared 
damaged on visual inspection or under an optical micro-
scope using a ×40 magnification lens.

The SEM examination did not reveal any damages or ma-
jor structural changes suggesting photoablation or ther-
mal ablation of the abutment teeth caused by irradiation 
of either laser (Fig. 4). The decrease in adhesion strength 

Fig. 3. Debond time for both experiments for Er:YAG and Er,Cr:YSGG lasers

Table 2. Average temperature changes by group [°C]

 Type of laser Group n Mean SD

Er:YAG

G1-F1 (n = 12) 12 1.7 1.62

G1-F2 (n = 10) 10 1.0 0.92

overall change 22 1.4 1.36

Er,Cr:YSGG

G2-BL1 (n = 13) 13 2.2 0.80

G2-BL2 (n = 13) 13 2.1 1.19

overall change 26 2.2 0.99

SD – standard deviation; Er:YAG – erbium-doped yttrium, aluminum and garnet laser; Er,Cr:YSGG – erbium, chromium-doped yttrium, scandium, gallium 
and garnet laser.

Table 1. Pearson’s correlation coefficients for associations between crown metrics and irradiation time

Type of laser Group Outer surface area Inner surface area Space volume

Er:YAG

G1-F1 (n = 12) −0.154 −0.241 0.758*

G1-F2 (n = 10) −0.113 −0.176 0.545**

overall −0.136 −0.211 0.667*

Er,Cr:YSGG

G2-BL1 (n = 13) 0.506** 0.586* 0.539**

G2-BL2 (n = 13) 0.711* 0.801* 0.123

overall 0.515* 0.586* 0.287

*p < 0.05; **0.05 < p < 0.10; Er:YAG – erbium-doped yttrium, aluminum and garnet laser; Er,Cr:YSGG – erbium, chromium-doped yttrium, scandium, gallium 
and garnet laser.
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appeared either between the cement and the tooth surface, 
leaving the cement attached mostly inside the crown, or be-
tween the cement and the intaglio surface of the crown, 
leaving cement attached to the surface of the tooth. No 
carbonization, cracks or fractures in the macro- or micro-
structure were observed on the tooth or on the zirconia 
prefabricated crown. Slight, partial ablation of the cement 
caused by Er,Cr:YSGG laser irradiation was occasionally 
observed. The  intaglio surfaces appeared to  be simi-
lar in roughness for both lasers. The teeth treated with 
the Er:YAG laser showed less cement remaining on the sur-
faces than those treated with the Er,Cr:YSGG laser (Fig. 4).

Discussion

The development of prefabricated all-ceramic crowns 
and modern adhesive systems has improved the restor-
ative options for severely damaged teeth in the pediatric 
and adolescent population. The removal of these tempo-
rary restorations can be challenging and is usually accom-
plished with rotary instruments. Alternatively, atraumatic 
removal can be predictably and reproducibly accomplished 

using high-powered erbium lasers such as  Er:YAG and 
Er,Cr:YSGG.30 Both erbium lasers are selectively absorbed 
by water molecules25 and residual monomers of cements, 
leading to a decrease in adhesion strength between the ce-
ment and the crown or a tooth due to photothermal ablation. 
A dentin–crown interface can be debonded with thermal 
softening, thermal ablation or  photoablation, resulting 
in cracks in the cement layer and the breakage of material 
bonds.5,17,20

Closer study of the absorption peak between the 2 la-
sers shows three-fold higher absorption coefficients for 
the Er:YAG laser in comparison to the Er,Cr:YSGG laser. 
The Er,Cr:YSGG laser wavelength thus penetrates deeper 
into the tissue and requires more time to heat up the irradi-
ated volume to the evaporation temperature, while the sub-
stance heated by the Er:YAG laser will reach ablation tem-
peratures faster and progress deeper into the  targeted 
substance.25,31 Our findings are in alignment with these 
observations, since the time required to debond the crowns 
was shorter for the Er:YAG laser than the Er,Cr:YSGG laser 
after the 1st debonding using similar settings. Both lasers 
showed clinically acceptable debonding times, proving 
them to be an efficient tool for crown debonding.

Fig. 4. Residual cement and undamaged surface is observed on SEM images of the teeth following irradiation with Er:YAG laser (A) and Er,Cr:YSGG laser (B) 
and intaglio surface of the crowns following Er:YAG (C) and Er,Cr:YSGG laser (D) lase
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Heat generated by an Er,Cr:YSGG laser has more time 
to spread deeper into the  tissue, resulting in a  thicker 
indirectly-heated zone exerting greater thermal effects 
on the tooth. This undesirable heating of the surrounding 
tissue is also the reason energy is lost, resulting in less effi-
cient ablation.24 To prevent thermal injury of the pulpal tis-
sues, heat generation and accumulation should be minimal. 
An increase in pulpal temperature of 5.5°C can cause ir-
reversible damage to the pulp tissue32; a rise in temperature 
of 10°C for 60 s on the root surfaces can cause irreversible 
damage to the periodontal ligament and bone that can lead 
to bone resorption and tooth ankylosis.33,34 In this study, 
temperature changes measured in  the pulpal chamber 
throughout the irradiation were minimal and did not ex-
ceed critical temperature changes. No significant tempera-
ture increase was observed, even when the slightly higher 
settings for Er,Cr:YSGG were used in the 2nd experiment.

Both lasers provide continuous water cooling that was 
in this study effective in regulating temperature during 
irradiation. Only temperature changes during laser irradia-
tion in relation to the baseline temperature were reported. 
The initial temperatures were not standardized for all ex-
periments and differed slightly due to variations in room 
temperature on different days.

The key factors of successful debonding include tech-
nique, the duration of laser irradiation, fluency, an adequate 

pulse of the mid-infrared wavelength, and continuous, un-
interrupted irradiation.35 The working parameters for both 
lasers used in this study were low and safe, yet provided 
efficient and reproducible debonding of the restorations.

Laser-assisted ceramic crown removal encompasses 
several factors that may affect its efficiency: the chemical 
composition and type of ceramic material, the thickness 
of the restoration, the type, shade and thickness of the resin 
cement, the shade and opacity of the ceramic material, and 
the parameters of the laser (power, pulse duration, frequency, 
and irradiation time).15,36–39 The advantage of retrieving 
a crown with an erbium laser is to preserve the crown for 
re-cementation. In this study, all the crowns were re-ce-
mented after the 1st debonding and tested again. The re-
sults of this study indirectly showed a predictable bond 
strength after re-cementation of the crowns as the debond-
ing time did not decrease during the 2nd  irradiation; it even 
increased for the 2nd Er,Cr:YSGG laser group. The slightly 
higher power (0.5 W) used for the 2nd debonding (G2-BL2) 
should theoretically result in a shorter irradiation time 
but resulted in significantly increased debonding time. 
One possible explanation could be the use of a 50% water 
spray, causing higher absorption of the laser on the wet 
surface of the crown, therefore lowering the energy effi-
ciency in the cement layer. Another possible explanation 
could be a lighter tapping force employed by a different 

Fig. 5. Following erbium laser irradiation, debonding of the crown resulted in either retention of the cement attached to the intaglio surface of the crown 
(A–C) or the surface of the tooth (D–F)
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operator. This could be an important additional finding, 
as in many clinical scenarios, the use of tapping instru-
ments with a considerable force may not be feasible. This 
is also true for younger and more sensitive patients, where 
parents may object and there is a risk of iatrogenic damage 
to the tooth and crown. A short burst of additional laser 
irradiation could therefore be used to minimize or avoid 
using any kind of tapping instrument, allowing for digital 
retrieval of the crown from the tooth.

Interestingly, debonding occurred either between 
the cement and tooth, with the cement remaining in-
side the crown, or between the cement and inner surface 
of the crown, with the cement remaining on the tooth sur-
face. The Er,Cr:YSGG laser group, with a longer irradiation 
time, was associated with less residual cement on the tooth 
and more residual cement inside the crown. In contrast, 
most of the remaining cement in the Er:YAG laser group 
was retained on the tooth surface (Fig. 5).

The laser settings and debonding procedure resulted 
in minimal structural changes to the crown and tooth 
surface according to macro- and microscopic examina-
tion. No crowns or teeth were fractured or broken during 
the experiments. Since no thermal effects were exerted 
by either laser, it can be concluded that this treatment 
modality with either of the 2 lasers provides safe, efficient 
and predictable removal of the crown and does not affect 
future re-cementation.

During the experiment, we encountered some limita-
tions. The force used to tap the crowns off the teeth greatly 
depends on the clinician and was not measured or stan-
dardized in our experiment. With a stronger tapping force, 
the debonding time was consistently shorter, whereas with 
the use of a very light tapping force or only digital manipu-
lation, the time required to retrieve the crown increased.

Conclusions

The  removal of  cemented all-ceramic crowns with 
the use of an Er:YAG or Er,Cr:YSGG laser is a viable alter-
native to rotary techniques. Laser-assisted prefabricated 
zirconia crown debonding is atraumatic, time-efficient, 
predictable, and reversible with erbium-family lasers.
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Abstract
Background. Interleukin 4 (IL-4) and its receptor play important roles in the pathologies of asthma and 
atopy. The alpha subunit of the IL-4 receptor (IL-4RA) is included in 2 types of receptors which have different 
modulatory effects on immune responses. This distinct pattern reflects involvement in the immunopathol-
ogy of both asthma and atopy. A number of studies have proven the association between IL4RA gene 
polymorphisms and asthma and atopy, but it is still an open question whether these variants are functional.

Objectives. To analyze the data from IL4RA gene expression in PBMC in relation to specific polymorphisms 
– the most frequently studied I50V and Q551R and the less known C-3223T.

Material and methods. The analysis was performed for 36 subjects, both atopic and non-atopic. Real-time 
polymerase chain reaction (PCR) was used with specific primers for the quantification and genotyping. Delta Ct 
(ΔCT) and delta-delta Ct (ΔΔCT) values were used for the relative quantification of IL4RA expression in PBMC.

Results. We observed no significant differences in the IL4RA expression profile between the 3 genotypes. 
A trend toward higher relative expression was observed for homozygous minor I50V and C-3223T genotypes.

Conclusions. We did not find a statistically significant relationship between the genetic polymorphisms 
and the relative expression of IL4RA. The effect of genetic polymorphism on IL4RA mRNA expression could 
interfere with other factors, such as environmental stimuli, and should be evaluated in future studies.

Key words: gene expression, polymorphism, asthma, atopy, IL4RA
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Introduction and objectives

Interleukin 4 (IL-4) and its receptor play important roles 
in the pathologies of asthma and atopy. The alpha sub-
unit of the IL-4 receptor (IL-4RA) is included in 2 types 
of  receptors, which have different modulatory effects 
on immune responses. Type I is responsive to IL-4 only, 
and is  mainly expressed on  myeloid cells. According 
to the eQTL database, the highest expression of IL4RA 
(type I) is in whole blood (Genehopper, http://genehopper. 
ifis.cs.tu-bs.de; GTEXPortal, https://gtexportal.org). Type 
II IL-4R acts as  the  receptor for both IL-4 and IL-13. 
It is expressed in bronchial mucosa and a variety of other 
cells. While type I receptors transmit signals related to im-
munoglobulin switching and immunoglobulin E  (IgE) 
production, type II plays a role in bronchoconstriction, 
inflammation and mucus production. This distinct pat-
tern reflects involvement in the immunopathology of both 
asthma and atopy. Increased IL4RA expression has been 
found in both conditions.1–3

While IL4RA is expressed by all subtypes of lympho-
cytes, the  majority are expressed on  B  and Th2 cells, 
as reported in the expression profiling database. Changes 
in  the  mRNA expression of  IL4RA mirror changes 
in the proportion of different T cell subsets.2 The regula-
tion of IL-4RA protein production is complex and not yet 
fully understood. Furthermore, the process differs across 
different tissue types. T cells react mainly to stimulation 
by IL-4, but also react to IL-2. Secretion of the IL-2 cy-
tokine occurs as a natural response to microbial infec-
tion and autoimmune phenomena, and together with IL-4 
can induce and maintain IL4RA expression by activating 
STAT5.4 The activation pathway differs for different types 
of T cells. For instance, naïve CD4+ T cells react by upreg-
ulating IL-4RA, which is not antigen-specific. The highly 
activated T  cells respond by  downregulating IL-4RA, 
specifically with high amounts of antigen. This mecha-
nism is part of a homeostasis process aimed at “saving” 
IL-4 for B cells and IgE production.5 Also, sIL-4R, which 
is the soluble form of IL-4R, is known to regulate IL-4. 
It is formed by alternative splicing or proteolytic shading 
of the membrane-bound form. The alternation in the con-
centration of sIL-4R and the expression of mIL4RA could 
reflect immune tolerance, which occurs in situations such 
as during the course of immunotherapy.2

There are a number of  studies in  the  literature that 
suggest an association between IL4RA polymorphisms 
and asthma and atopy.6–8 Functional changes have been 
observed for Q551R and I50V, which seem to enhance 
the response to IL-4 in vitro.9 However, only a few ex-
periments have confirmed this phenomenon (OMIM da-
tabase, https://www.omim.org). It has been shown that 
the presence of Q551R could indicate the degree of re-
sponsiveness to  IL-4RA-antagonist treatment.10 This 
specific polymorphism has also been found to be associ-
ated with the IL-4-related Treg differentiation pathway, 

a subpopulation of T cells which are crucial for immune 
tolerance. This dependence is present in the subgroup 
of asthma patients with the mixed-cellularity Th2/Th17 
phenotype.11 Furthermore, upregulation of IL-4RA due 
to a gain-of-function mutation in the gene with the F709 
single nucleotide polymorphism (SNP) results in a failure 
to produce antigen-specific Treg.12 Apart from the studies 
mentioned above, there is still the open question of whether 
variants within IL4R are functional or are only markers 
for causative variation nearby in the region. Is that specific 
polymorphism in fact related to the pattern of increased 
or decreased IL4R expression, thus mediating the risk for 
allergy and asthma?

Our group previously reported IL4RA expression in re-
lation to atopy status and place of residence. We did find 
a trend for atopic subjects to have a higher expression and 
for those living in the countryside to have lower values, 
though the differences were not statistically significant.13 
Herein, we present the results of IL4RA expression analy-
sis in relation to specific polymorphisms within the gene 
– most of them well-known from association studies, I50V 
and Q551R, and the less-studied C-3223T.

Material and methods

The methods for relative gene expression using real-
time quantitative polymerase chain reaction RT-qPCR) 
and the characteristics of the study group have already 
been described in detail.13 We used the expression data 
from the subjects enrolled in our previous study and per-
formed genotyping for ILR4A polymorphisms. In the cur-
rent analysis, 36 subjects with available data were enrolled, 
18 of whom were atopic. The subjects assigned as controls 
were otherwise healthy. Atopy was confirmed by the result 
of a skin prick test (SPT) to common allergens. The SPTs 
were performed in all atopic and control subjects. Four 
of  the  subjects were not assigned to  any group due 
to the lack of conclusive SPT results. Venous blood sam-
ples were collected into 2 tubes containing EDTA (Sarstedt 
AG & Co., Nümbrecht, Germany) for DNA extraction, 
PBMC isolation and RNA extraction. DNA was extracted 
from whole-blood samples using the QIAMP kit (Qiagen 
Inc., Valencia, USA) according to the manufacturer’s in-
structions. The expression data originated in the experi-
ments using a LightCycler 1.5 and specific hybridization 
probes. ACTB (β-actin) was used as reference.13 Delta Ct 
(ΔCT) and delta-delta mean Ct (ΔΔCT) values were used 
for relative quantification of IL4RA expression in PBMC, 
and 2^–ΔΔCT was used for fold change (FC) estimation 
in groups according to genotype. Genotyping for specific 
SNPs, including rs1805010 (I50V), rs1801275 (Q551R) and 
rs2057768 (C-3223T), was performed using specific Light 
SNP primers (TIB Molbiol, Berlin, Germany) and the Light-
Cycler 1.5. The PCR conditions were as follows: denatur-
ation – 1 cycle at 95°C for 10 min; cycling – 45 cycles of 95°C 
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for 10 s, 60°C for 10 s and 72°C for 15 s; melting – 1 cycle 
at 95°C for 30 s, 40°C for 2 s and a temperature rise to 75°C; 
cooling – 1 cycle at 40°C for 30 s.

The  Fisher’s exact test was performed to  compare 
the  frequencies between the  specific groups assigned 
based on their atopic status or genotype. The exact test was 
used to determine Hardy–Weinberg equilibrium (HWE) 
in the controls. The Kruskal–Wallis test and the Mann–
Whitney U  test were used to  compare ΔCT between 
groups in relation to genotype. The analysis was performed 
in 3 groups: 1) pulled – all subjects with genotype data, 
2) atopic and 3) the controls separately. The statistical tests 
were done with STATISTICA v. 13.2 software (StatSoft 
Inc., Tulsa, USA).

This study was approved by  the  ethical committee 
of the Wroclaw Medical University (Poland). All partici-
pants signed an informed consent form.

Results

The genotype and allele frequencies are presented in 
Table 1. For all genotypes, we observed no deviation from 
the HWE in the control group.

While comparing genotype frequencies in the groups 
related to atopic status, we observed significant differences 

only for I50V for the recessive model. Carriers of 2 minor 
alleles were more prone to be atopic. Other SNPs were 
not significantly associated with atopy; however, for SNP 
C-3223T we observed a trend for the variant allele to be 
predominant in the atopic group (Table 1).

There were no significant differences in relative IL4RA 
gene expression between the 3 genotypes (I50V, Q551R, 
and C-3223T; Fig. 1) in any of the 3 analyzed groups, with 
the use of different models. The most clear trend was 
observed in the pulled group, were there was a 1.39-fold 
change (2^–ΔΔCT) in relative expression for the  I50V 
SNP in the recessive model (GG compared to AA+AG) 
and a 2.5-fold change for the C-3223T SNP in the reces-
sive model (AA compared to GG+AG). For Q551R, we only 
included the dominant model, as there was only 1 sub-
ject with the GG genotype (AG+GG compared to AA), 
which showed a 1.09-fold change. The direction of changes 
in relative gene expression was different in regard to atopy 
status, which suggests that atopy and the milieu of cyto-
kines associated with it may be an additional determinant 
of expression (Table 2).

We also analyzed combinations of different genotypes. 
The most common was the genotype which was homozy-
gous for major alleles of the 3 studied SNPs (25%). There 
were no significant differences in IL4RA gene expression 
when these combinations of genotypes were analyzed.

Table 1. Genotype frequencies according to genotype for SNPs I50V, Q675R and C-3223T in relation to atopy status and different models. Fisher’s exact test 
for significance; p < 0.05 was regarded as statistically significant

Variable Total 
n = 36 (%)

Atopic 
n = 18 (%)

Control 
n = 14 (%)

HWE in controls, 
p-value

χ2/Fisher,  
p-value

I50V

AA
AG
GG

12 (0.33)
14 (0.38)
10 (0.27)

4 (0.22)
7 (0.38)
7 (0.38)

7 (0.5)
6 (0.42)
1 (0.06)

0.75 0.08

AA+AG
AG+GG

26 (0.72)
24 (0.67)

11 (0.61)
14 (0.77)

13 (0.92)
7 (0.5)

0.03
0.10

A
G

38 (0.53)
34 (0.47 – MAF)

15 (0.41)
21 (0.58)

20 (0.71)
8 (0.29)

0.02

Q551R

AA
AG
GG

16 (0.44)
19 (0.53)
1 (0.03)

12 (0.66)
5 (0.27)
1 (0.05)

5 (0.35)
9 (0.64)

0

0.15 0.06

AA+AG
AG+GG

35 (0.97)
20 (0.56)

17 (0.94)
6 (0.33)

14 (1.0)
9 (0.64)

0.72
0.12

A
G

51 (0.71)
21 (0.29 – MAF)

29 (0.8)
7 (0.19)

19 (0.67)
9 (0.32)

0.24

C-3223T

GG
AG
AA

23 (0.64)
10 (0.27)
3 (0.08)

10 (0.55)
5 (0.27)
3 (0.16)

10 (0.71)
4 (0.28)

0

0.6 0.39

GG+AG
AG+AA

33 (0.92)
13 (0.36)

15 (0.83)
8 (0.44)

14 (1.0)
4 (0.28)

0.15
0.37

G
A

56 (0.78)
16 (0.22 – MAF)

25
11

24
4

0.11

MAF – minor allele frequency; HWE – Hardy–Weinberg Equilibrium exact test.
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Discussion

In  our previous study, we  compared the  expression 
profile of individuals in relation to atopy status and place 
of residence. Although the results were not statistically 
significant, they may suggest an environment-related regu-
latory mechanism connected with rural living.13 The aim 
of the current study was to determine whether the most 
important and well-studied SNPs within the IL4RA gene 
are responsible for the different patterns of gene expres-
sion. We observed no significant differences in expression 
profile according to genotype within the different models. 
A trend was observed for I50V and C-3223T. Individu-
als who were homozygous for minor alleles had a higher 
gene expression of IL4RA. This suggests a pattern where 
IL4RA expression is to some extent related to the presence 
of the SNPs reported as being associated with allergy.

To our knowledge, there are only 2 studies in the litera-
ture to which we can refer our results. As in our study, these 
researchers found no clear relationship between Q551R 
and the expression profile of IL4RA in their 33 subjects.3 
The trend they observed was different to our findings re-
garding this SNP, though: minor alleles were rather associ-
ated with higher, not lower expression. The eQTL database 
(GTExPortal) revealed a significant eQTL in whole blood 
related to the C-3223T genotype. The same was present 
for I50V, but not for Q551R.14 In both cases homozygous 
minor alleles showed lower expression, which is contrary 
to our findings. The small body of evidence in this field 
is striking in light of the fact that biological treatment with 
IL-4RA antibody is already in use.15,16

There are also 2 studies suggesting an epigenetic ef-
fect of  the  ILR4A polymorphism. In  the  1st study, out 
of  the  9 SNPs evaluated (including C-3223T), only 1 
(rs3024685) showed an interaction with the methylation 
status of the gene, which could somehow reflect expres-
sion.17 In the 2nd study, 8 SNPs and 4 CpGs connected 
to the TH2 pathway were included in the model of inter-
action with DNA methylation and asthma risk; between 
them, cg26937798 was revealed to confer such a risk.18

The  polymorphisms we  choose for this study were 
previously explored in  various contexts, mainly re-
lated to asthma and atopy. Both I50V and Q551R were 
the first SNPs within IL4RA to be described in relation 
to these conditions. The C-3223T SNP was first described 
by Hackstein in 2001, and has been subsequently investi-
gated in a few studies.19 GWA studies (Genome Wide As-
sociation Studies) have confirmed the role of all 3 of these 
polymorphisms.20 Both I50V and Q551R appear to have 
functional outcomes through enhanced IL-4 signaling, 
as indicated in the OMIM database. In a meta-analysis 
including 50 studies, the I50V variant was found to be as-
sociated with asthma in the dominant model, and Q551R 
in the recessive model. In addition, I50V has been associ-
ated with asthma in Asian populations, and has also been 
related to pediatric and atopic asthma.7 In other studies, 

Fig. 1. Relative IL4RA gene expression in PBMC in the genotype groups, 
expressed as ΔCT, where ΔCT = Ct IL-4RA − Ct ACTB for each sample. 
The lower the ΔCT values, the higher the gene expression. The Y-axis has 
been reversed for better illustration. Data is presented as mean ± standard 
error (SE) ± standard deviation (SD). The differences were not statistically 
significant according to the Kruskal–Wallis rank test (p > 0.05)
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I50V and C-3223T (homozygous), but not Q551R, were 
found to be related to early-onset asthma.21 In another 
study that compared eight SNPs of  IL4RA, including 
C-3223T, Q551R, and I50V, only I50V showed a signifi-
cant association with total IgE.22 However, in a study that 
investigated asthma phenotypes in young infants, none 
of the abovementioned SNPs demonstrated any significant 
relationships.23

Functional experiments were performed for I50V and 
Q551R. Mice that are homozygous for Q551R present 
increased inflammation, mucus production, airway hy-
per-reactivity, eosinophilia, and neutrophilia. The un-
derlying mechanism is  possibly associated with redi-
rection of  iTreg into Th17. This phenomenon has also 
been reported in the subgroup of asthma patients who 
have mixed Th2/Th17 cellularity. This asthma pheno-
type is characterized by increased severity, steroid resis-
tance and neutrophilia.11 Two other IL4RA SNPs, rs8832 
and rs1029489, located within the 3’ untranslated and 
proximal regions, have been associated with the response 
to anti-IL-4/IL-13 treatment (IL-4RA competitive an-
tagonist). Individuals with these variants showed reduced 
asthma exacerbation and better response to treatment 
in a dose-dependent manner.10 Both E400A and Q551R 
were also associated with a reduction in FEV1 (Forced 
Expiratory Volume in the first second) and an antigen 
response during the course of treatment.24

The promoter polymorphism C-3223T has not been 
widely studied, even though the location suggests a pos-
sible impact on  transcription. In  our previous study, 
we found an association between this polymorphism and 
the level of the soluble form of IL-4R.25 Another group re-
ported a similar relationship with IL4RA haplotypes. TVR 
(T-3223, V50, R5 51) subjects were also reported to have 
lower levels of sIL-4R.26

The limitation of our study is the small sample size. 
The possible effect and statistical power could be missed 
because of that. Nevertheless, the results suggest some 
relationship which could be further investigated.

All of the abovementioned studies suggest a relationship 
between the genetic polymorphism of IL4RA and the pat-
tern of expression, reflecting the link between genotype 
and phenotype. Some elements of this puzzle are still miss-
ing, which may require more comprehensive analysis that 
includes gene–gene and gene–environment interaction.

Conclusions

We did not find a relationship between these 3 genetic 
polymorphisms and the  relative expression of  IL4RA. 
The effect of genetic polymorphism on IL4RA mRNA ex-
pression could interfere with other factors, such as environ-
mental stimuli, and should be evaluated in future studies.

Table 2. Relative IL4RA gene expression in PBMC in the genotype groups. Relative gene expression of IL4RA is expressed as ΔCT, where ΔCT = Ct IL4RA − Ct 
ACTB for each sample. The lower the ΔCT values, the higher the gene expression. Data are presented as mean ± standard error (SE) ± standard deviation 
(SD). The differences were not statistically significant according to the Mann–Whitney U test (p > 0.05)

Variable Pulled (n = 36) p-value Atopic (n = 18) p-value Control (n = 14) p-value

I50V

ΔCT AA 8.66 ±2.32 7.70 ±1.67 9.06 ±2.75

ΔCT AG+GG 7.86 ±2.19 0.56 7.79 ±2.03 0.87 8.39 ±2.89 0.89

ΔCT AA+AG 8.26 ±2.53 0.76 7.96 ±2.41 1.0 8.58 ±2.78 –

ΔCT GG 7.78 ±1.19 7.48 ±0.65 10.64

FC dominant 1.74 0.94 1.59

FC recessive 1.39 1.39 –

Q551R

ΔCT AA 8.19 ±2.11 7.78 ±2.22 9.31 ±1.65

ΔCT AG+GG 8.06 ±2.43 0.87 7.76 ±1.24 0.81 8.40 ±3.23 0.5

ΔCT AA+AG 8.12 ±2.27 – 7.74 ±1.96 – 8.73 ±2.73 –

ΔCT GG 8.31 8.31 –

FC dominant 1.09 1.01 1.88

C-3223T

ΔCT GG 8.07 ±2.22 7.60 ±1.71 8.73 ±2.73

ΔCT AG+AA 8.22 ±2.34 0.89 7.98 ±2.23 0.76 8.71 ±3.15 1.0

ΔCT GG+AG 8.23 ±2.29 0.3 7.94 ±2.02 0.28 8.73 ±2.73 –

ΔCT AA 6.91 ±0.90 6.91 ±0.90 –

FC dominant 0.9 0.77 1.01

FC recessive 2.5 2.04

FC – fold change (2^–ΔΔCT).
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Abstract
Background. A myocardial infarction is a specific clinical condition characterized by a relatively high acute 
mortality rate. Earlier reperfusion results in a smaller infarct size and a lower mortality rate.

Objectives. To assess the in-hospital mortality in patients with ST-elevation myocardial infarction (STEMI) 
regarding patients’ characteristics, and the mechanisms behind the deterioration in hemodynamic and clinical 
status, in order to assess the possibility of preventing this type of death.

Material and methods. A group of 106 patients aged 64.5 ±11.3 years was divided into 2 groups: 
patients who died while hospitalized (group I; n = 5) and patients who survived while hospitalized for 
STEMI (group II; n = 101). Primary coronary intervention was performed in all individuals, with direct stent 
implantation in all but 1 patient. In all patients the standard medication was started or continued, depending 
on the patient’s status. The demographic and selected clinical and biochemical parameters were compared 
between the study groups.

Results. The patients in group I were significantly older than the survivors (76.2 ±12.7 compared 
to 64.0 ±11.0 years; p < 0.05). The group with fatal myocardial infarction had a lower left ventricular 
ejection fraction (LVEF) (31.7 ±12.8% compared to 60.4 ±11.0%; p < 0.05) and a higher maximal serum 
troponin level (973.6 ±1121.8 ng/mL compared to 453.2 ±924.2 ng/mL; p < 0.05). Interestingly, among 
the patients who died, the pain-to-balloon time was significantly shorter than in the myocardial infarction 
survivors (84 ±48 min compared to 342 ±504 min; p < 0.05).

Conclusions. The development of the medical care system has made invasive procedures available, improv-
ing outcomes in patients with acute myocardial infarction. This form of treatment is likely optimized to such 
an extent that any changes in the time before intervention will not substantially improve mortality rates.

Key words: myocardial infarction, in-hospital mortality, ST-elevation myocardial infarction, primary per-
cutaneous coronary intervention
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Background

Myocardial infarction is a specific clinical disorder char-
acterized by a relatively high acute mortality rate.1 Multiple 
mechanisms contribute to arrhythmia and hemodynamic 
episodes, leading to cardiomyocyte ischemia and even 
the relatively sudden death of the individual.2 The dis-
tinction between ST-elevation and non-ST-elevation made 
little change in the clinical picture of in-hospital mortality. 
The most spectacular and fearful type of death is a sud-
den arrhythmic one in the form of ventricular  fibrillation. 
The other possibility is an acute, high-degree atrioven-
tricular blockage. There are 2 main forms of blockage: 
in patients with an inferior wall myocardial infarction, 
the most common type is a transient, proximal atrioven-
tricular block, usually with a relatively rapid, narrow QRS 
escape rhythm, while in patients with an extensive ante-
rior myocardial infarction, it is caused by interventricu-
lar septum ischemia, a typically permanent, distal type 
with a low, broad QRS escape rhythm. The latter can lead 
to ventricular asystole and sudden death. The hemody-
namic impairment of ischemic ventricular myocardium 
can also result in low cardiac output with clinical signs 
of cardiogenic shock. This disorder was historically as-
sociated with a very poor prognosis, with mortality rates 
as high as 90%. An appropriate, timely invasive treatment 
of the underlying myocardial infarction can of course sub-
stantially reduce the burden of ischemia and necrosis.3 
However, in some individuals, the changes could be irre-
versible, which can also lead to in-hospital death.

A report on  the  care of  patients with ST-elevation 
myocardial infarction (STEMI) in American hospitals 
showed an improvement in care manifested by an increase 
in the rate of reperfusion and a shortening of the time from 
symptom onset to treatment. At the same time, several 
years of observation did not show a decrease in mortality 
in the entire study population, but only for patients without 
cardiac arrest. In the whole population, cardiogenic shock 
and cardiac arrest steadily increased.1 When designing our 
study, we wanted to know the profile of STEMI patients 
in our center, and the mortality rate and characteristics 
of the group with the highest risk. The modern cardiac care 
of patients with STEMI diminished the acute mortality 
to as low as 4–5%. It is uncertain if this value can be sub-
stantially reduced. One of the key obstacles is the numer-
ous comorbidities related to the increasing age of the pa-
tients. Various combinations of chronic kidney disease 
(CKD), diabetes mellitus (DM), chronic atrial fibrillation, 
chronic obstructive pulmonary disease (COPD), malnutri-
tion, frailty, and cognitive function decline can negatively 
influence the outcome in myocardial infarction patients 
even if the infarct-related artery (IRA) is kept open.4 Par-
tial or slight insufficiencies of the aforementioned organs 
and systems in connection with even benign and transient 
hemodynamic impairment can contribute to a fatal end 
result – in-hospital death.

The aim of the study was to assess the in-hospital death 
rate in patients with STEMI in relation to the patients’ 
characteristics, and the mechanisms of deterioration in he-
modynamic and clinical status, in order to assess the pos-
sibility of preventing this type of death.

Material and methods

The study group comprised all patients hospitalized 
in 2015 with a diagnosis of STEMI in the regional cardi-
ology ward, featuring a permanently working cardiac cath-
eterization laboratory (Cath Lab). All patients were treated 
directly in the Cath Lab, undergoing primary coronary 
angioplasty, usually with a concomitant stent placement. 
These individuals were divided into 2 subgroups according 
to in-hospital death. Of the 106 patients included, 5 died 
during the hospitalization.

The study was approved by the local Bioethics Commit-
tee at Wroclaw Medical University, Poland.

Statistical analysis

All continuous variables are presented as means and 
standard deviations (SD). Comparisons were performed 
with the Mann–Whitney U test for independent groups. 
All categorical variables are presented as numbers and 
percentages. The comparisons were performed with the χ2 
test. P-values less than 0.05 were considered significant.

Results

The  basic demographic characteristics and selected 
clinical and biochemical data are presented in Tables 1,2. 
The difference in ejection fraction between the 2 groups 
is depicted in Fig. 1.

In the 5 patients who died, the LAD was occluded or sub-
totally narrowed in 4 cases. The circumflex artery (Cx) 

Table 1. The patients’ demographic and selected clinical data

Variable Died  
(n = 5)

Survived 
(n = 101) p-value

Age [years] 76.2 ±12.7 64.0 ±11.0 <0.05

Sex [% female] 20 34 n.s.

Pain-to-balloon time [min] 84 ±48 342 ±504 <0.05

RR syst. [mm Hg] 114.0 ±27.0 137.2 ±28.6 n.s.

Pulse [bpm] 95.3 ±21.7 77.3 ±18.5 n.s.

EF [%] 31.7 ±12.8* 60.4 ±11.0 <0.05

AF [%] 20 4 n.s.

DM/IFG/IGT [%] 40 28 n.s.

Hypertension [%] 60 60 n.s.

*n = 4; EF – ejection fraction; AF – atrial fibrillation; DM – diabetes mellitus; 
IGF – impaired fasting glucose; IGT – impaired glucose tolerance; 
RR syst. – systolic blood pressure. 
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or the right coronary artery (RCA) was occluded or sub-
totally narrowed in 3 cases. In 4 cases, the primary per-
cutaneous coronary intervention (PCI) was successful; 
in 1 patient, pulseless electrical activity was observed be-
fore the intervention, which was therefore postponed and 
subsequently not performed.

Selected biochemical parameters in the study groups are 
presented in Table 2.

Discussion

The  implementation of  optimal treatment methods 
in patients with STEMI has led to a significant improve-
ment in the survival rate to the degree that may constitute 
the limits of medical care. The combination of advanced age, 
pre-existing myocardial damage, serious co-morbidities, 
and recent widespread myocardial ischemia can prove fatal 
despite modern and sophisticated treatment modalities.

In accordance with data from the literature, our study 
demonstrated that the  age of  the  patients determined 
their mortality. This parameter is important in all acute 
coronary syndromes (ACS). Older people usually have 
more advanced atherosclerosis, and higher rates of co-
morbidities and cardiovascular risk factors, which place 
them at  a  higher risk of  an  extensive coronary artery 
disease (CAD) than younger individuals.2–4 The STEMI 
is the most serious condition of all CAD presentations. 
Previous studies have suggested that older STEMI patients 
were at a higher risk of death and other complications 
regardless of the treatment used.5

Our study was conducted among patients with optimal 
treatment, since they were taken directly to the Cath Lab 
by emergency medical services. Previous studies have dem-
onstrated that PCI was superior to thrombolysis in terms 
of re-infarction, stroke and death. If those most appropri-
ate treatments had been offered within the shortest pos-
sible time from symptom onset, it would have dramatically 
improved the clinical outcome compared to conservative 
treatment strategies. In the present study, all patients had 
angioplasty of the IRA. The time to the procedure in our 
group with the fatal outcome was not significantly longer 
than in the group of survivors. It is likely that the patients 
with a fatal infarction had a shorter pain-to-balloon time 
because of the most severe symptoms.

One of possible reasons for death during a STEMI could 
be concomitant changes in other arteries than the IRA. 
The prognosis of a patient is related to the extent of isch-
emia due to the occlusion of the blood vessel. Therefore, 
the location of the lesion and changes in other vessels are 
important, as  the closure of  the artery responsible for 
collateral circulation may affect a wide area of the myo-
cardium. About 40–65% of the patients presenting with 
STEMI are found to have a co-existing disease in the non-
infarct-related arteries. The 2017 European Society of Car-
diology (ESC) guidelines for patients with STEMI recom-
mend PCI of the non-culprit artery at the time of primary 
PCI as a class IIa (strong) recommendation if the patient 
is  hemodynamically stable.6 There are several studies 
showing that a complete revascularization (immediate 
and/or  staged) is  associated with a  significant reduc-
tion in events, mainly driven by a significant reduction 
in the rates of repeat revascularization and cardiac death 
when compared to IRA-only revascularization in patients 
with STEMI and a concomitant multi-vessel disease.7

Our patients who died during hospitalization had 
a  higher heart rate and a lower blood pressure at admission, 
 although these differences were not statistically significant. 
These findings are consistent with other studies. An obser-
vational study on 2,310 STEMI patients treated with pri-
mary PCI showed that an elevated heart rate on admission 
was an independent prognostic factor for in-hospital and 
long-term mortality.8,9 A higher heart rate in combination 
with a lower blood pressure can predict the development 
of cardiogenic shock, significantly increasing mortality 
in ACS.

The  extent of  ischemia can be expressed by  certain 
biomarkers, including troponin. Troponin level is posi-
tively and proportionally related to the extent of myocar-
dium damage. In patients with ACS, the troponin level 
on admission is an independent predictor of death.10,11 
However, The prognostic value of troponin level on ad-
mission in  patients with STEMI is  not unambiguous. 
In a study by Stubbs et al., patients with higher troponin 
levels on admission had worse outcomes of thrombolytic 
therapy, but the differences in early mortality were not 
statistically significant.12 The same observation was made 

Fig. 1. Comparison between the study groups according to EF
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Table 2. Patients’ biochemical data

Variable Died  
(n = 5)

Survived 
(n = 101) p-value

Troponin I [ng/mL] 973.6 ±1121.8 453.2 ±924.2 <0.05

Creatinine [mg%] 1.1 ±0.3 1.0 ±0.3 ns.

Glucose [mg%] 148.2 ±54.1 160.6 ±62.2 ns.

ns. – not significant.
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in a different study, in a population treated with angio-
plasty, where higher troponin levels predicted a worse 
outcome of this treatment as well.11 In the present study, 
the group with an unfavorable outcome had significantly 
higher serum troponin levels on admission. This finding 
is in concordance with the consensus and with previous 
studies.13 The association was proven to be true, not only 
in the acute phase, but also in the healing phase of myocar-
dial infarction, when the highest troponin levels predicted 
all-cause death.14 The correlation appears in ACS as well 
as in different clinical statuses, where a cardiac troponin 
level combined with a higher incidence of regional wall 
motion abnormalities predicts death.15

As a result of this injury, the authors showed echocar-
diographic features of worse cardiac muscle performance. 
 Patients who died during hospitalization had a signifi-
cantly lower ejection fraction of the left ventricle (LVEF), 
which has been observed in many previous studies. A sub-
sequent cohort study by Vakili et al., which included 304 
STEMI patients reperfused with primary PCI, showed that 
LVEF ≤50% was associated with high rates of in-hospital 
adverse events, including death.16 Perelshtein Brezinov 
et  al. in  their recent study presented LVEF as  a  very 
strong predictor of mortality in ACS,17 which was also 
the case in our group. The same correlations were shown 
in previous studies, such as the one by Falcão et al. where 
the ejection fraction (EF) in patients with STEMI was 
an independent factor of in-hospital mortality. In a group 
of 398 patients, the in-hospital mortality was comparable 
to the one presented in our study, i.e., 5.8%.18 An inter-
esting analysis of the prognostic value of EF in patients 
with ACS was presented by Perelshtein Brezinov et al.17 
The patients were categorized according to LVEF at ad-
mission, and it was found that the prognosis in those with 
severe LV dysfunction is mainly related to clinical factors 
(syncope and STEMI) and clinical instability on admis-
sion. In the group with a more preserved EF, the presence 
of comorbidities predicted a mortality risk.

Anemia is a marker of a poor prognosis in ACS. In a study 
on a group of 1,111 patients with STEMI who received re-
perfusion treatment, hemoglobin levels were associated 
with a better survival rate. The association of hemoglo-
bin with hospital mortality was seen in men and women 
65 or older.19 Our observations were consistent, but not sta-
tistically significant. The group with the fatal complication 
of STEMI was small, but with a larger sample statistical 
significance of such findings would be possible. The same 
findings were presented in the recently published STEMI 
registry (1,498 patients). In this group, anemic and non-
anemic patients were compared, as a result of which the in-
hospital mortality rate was observed to be significantly 
higher in the patients with anemia. The population charac-
teristics also revealed a gradual increase in mean age with 
lower hemoglobin levels.20 The probable explanation for 
this coexistence is the worse overall health of the elderly 
population.

Study limitations

The main limitation of the study is the small sample size, 
especially in the group of patients who died while hospital-
ized, but this is actually the result of a shift in the man-
agement of patients with ACS towards more aggressive, 
invasive interventions. While in the 1990s, a pre-hospital 
mortality of 25% was reported, and a risk of in-hospital 
death was <10%, including a similar risk of cardiogenic 
shock in these patients, in the 2010s, changes in treatment 
and organization led to the results presented in this study. 
Therefore, the question asked in the title – “Can the in-
hospital mortality rate in patients with ST-elevation myo-
cardial infarctions be lowered any further?” – is an attempt 
to assess the profile of patients in the study group. The only 
potential way to increase the positive impact of our work 
would be new, non-standard therapies applied in the acute 
phase of myocardial infarction, using new drugs or a new 
way to administer them.21

Conclusions

It is not possible to significantly reduce the in-hospital 
mortality of STEMI patients who have been successfully 
treated with primary PCI, despite all modern treatment 
modalities. The combination of advanced age and nu-
merous comorbidities – including pre-existing low LV 
ejection fraction – makes in-hospital death inevitable, 
despite an early and successful myocardial reperfusion. 
From the clinical point of view, to  lower the mortality 
in patients with CAD, the atherosclerosis risk factors 
must be substantially modified in primary and second-
ary prevention.
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Abstract
Background. Cerebrovascular disease is an important cause of epilepsy. The incidence may significantly 
vary (from 2.3% to 43%). Post-stroke seizures occur within 2 weeks of stroke onset (as early-onset seizures) 
or 2 weeks after a stroke (as late-onset seizures).

Objectives. To retrospectively evaluate and differentiate predictive factors for post-stroke seizures.

Material and methods. We retrospectively analyzed the medical histories of 164 adult patients diagnosed 
with post-stroke seizures but no epilepsy recognized prior to the stroke who were hospitalized at the Neurol-
ogy Clinic of Wroclaw Medical University between 2012 and 2018. The seizures were classified according 
to the criteria of the International League Against Epilepsy (ILAE) from 2017. The relevant demographic data, 
type of stroke (ischemic/hemorrhagic), time of occurrence of seizures in relation to the type of stroke, score 
on the modified Rankin Scale, presence of cardiovascular risk factors, electroencephalography (EEG) recording, 
and antiepileptic treatment (AED) were collected. In the case of ischemic stroke (IS), the size of the stroke 
lesion was rated on the ASPECTS scale.

Results. The study involved 164 patients (average age = 68.83 years), including 86 men (average 
age = 66.2 years). In 20 out of 164 patients, the seizures were associated with hemorrhagic stroke (HS); 
in 144 out of 164 patients, the post-stroke epilepsy was associated with IS. Generalized tonic–clonic seizures 
occurred in 101 out of 164 patients, focal aware seizures occurred in 19 out of 164 patients and focal impaired-
awareness seizures occurred in 44 out of 164 patients.

Conclusions. Our study has confirmed that generalized seizures occur mostly after an IS and are late 
complications of it. Early-onset seizures occur mostly after HS associated with severe disability. Seizures 
are more likely to happen due to the cortical location of the stroke. There is a shift from generalized to focal 
seizures with an increase in the extent of IS as evaluated using the ASPECTS scale.

Key words: stroke, aspect, post-stroke epilepsy
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Introduction

Complications after stroke are a growing issue in the age-
ing population. According to demographic data, in Canada 
from 2013 to 2018, the number of people suffering stroke-
related disabilities will increase by up to 80%.1

According to  the new practical definition of epilepsy 
by  the  International League Against Epilepsy (ILAE), 
the disorder can be diagnosed after a single seizure if  other 
findings suggest a  risk of  recurrent seizure equivalent 
to the risk after 2 unprovoked seizures.2 Post-stroke epilepsy 
is defined as recurrent convulsive seizures related to cere-
bral damage from a stroke, regardless of the time of onset 
following the stroke.3 Early-onset epileptic seizures often 
occur within the first 7 days and are defined as acute symp-
tomatic seizures. They occur in 2.5–6% of patients with 
stroke, more often in the course of hemorrhagic stroke (HS) 
than ischemic stroke (IS). In 40% of patients, this is a single 
epileptic seizure, while 60% of patients experience 2 or more 
seizures. Late-onset epileptic seizure, which affects 10–20% 
of patients, occurs 7 or more days after stroke symptoms.4 
The probability of a seizure occurring is estimated at 5–6.1% 
during the 1st year after stroke, which increases by 1–2% 
each subsequent year. Post-stroke epilepsy is mostly diag-
nosed during the first 2 years after a stroke.4,5 In patients 
with acute symptomatic seizures, the risk of developing 
another unprovoked seizure over the next 10 years is 33%, 
while in patients whose 1st unprovoked seizure occurred 
more than 7 days after a stroke, this risk stands at 71.5%.4,6,7

There is high risk of epileptic seizures in HS, subarachnoid 
hemorrhage and cortical focus in ischemic stroke, especially 
in patients with high NIHSS score and modified Rankin 
score of over 3 points.7–9 Another risk factor for post-stroke 
seizures is a patient under 65 years of age.10,11 In a literary 
review on post-stroke epilepsy, patients with late-unprovoked 
seizure after stroke have a 71.5% risk of another unprovoked 
seizure.6 No previous publications have reported that treat-
ment with antiepileptic drugs (AED) prevents the develop-
ment of post-stroke epilepsy, and the risk of seizure after 
stroke is relatively low, so primary prevention does not need 
to be indicated.12 According to Zelano, early seizures may be 
a risk factor for late seizures, at least in intracerebral hemor-
rhagic stroke (ICH), but the risk is not described as higher 
than that seen after a single unprovoked seizure, making 
AED withdrawal reasonable in most cases.13

The aim of study was to retrospectively evaluate and 
differentiate predictive factors for post-stroke seizures.

Material and methods

We retrospectively analyzed the medical histories of 164 
adult patients diagnosed with post-stroke seizures but no 
epilepsy recognized prior to the stroke, who were hospi-
talized at the Neurology Clinic of Wroclaw Medical Uni-
versity (Poland) between January 1, 2012 and December 

31, 2018. The following data were assessed: sex, age, type 
of  seizure, type of  stroke (IS/HS), time of  occurrence 
of seizures in relation to stroke type, score on the modi-
fied Rankin Scale, cardiovascular risk factors (hyperten-
sion, diabetes mellitus, atherosclerosis, and dyslipidemia), 
treatment with recombinant tissue plasminogen activator 
(rtPA), electroencephalography (EEG) recording, and AED.

The patients were divided into 2 groups. The 1st group 
consisted of patients with early seizure within 1 week after 
stroke, with a subgroup of patients whose seizures occurred 
in the first 24 h. The 2nd group consisted of patients with 
later-onset post-stroke seizures occurring within 1 year 
and over 1 year.

Seizures were classified according to  the  criteria 
of the International League Against Epilepsy (ILAE) from 
2017. The following seizure types were distinguished: focal 
aware seizure, focal seizure with impaired awareness and 
generalized tonic–clonic seizure.

The stroke location was assessed based on imaging with 
the use of 64-slice CT scanners (GE Healthcare, Chicago, 
USA) with 3D isotropic resolution and a slice thickness 
of 0.6 mm. In the case of IS, the size of the stroke lesion 
was rated on the ASPECTS scale. The scale can be di-
vided into 3 ranges: 0–4 for severe stroke; 5–7 for moder-
ate stroke; and 8–10 for mild stroke. Hemorrhagic strokes 
are classified based on blood volume as mild (<30 mL), 
moderate (31–60 mL) and severe (>61 mL). The clinical 
and radiological analyses were performed by a permanent 
team of neurologists and radiologists with several years 
of experience.

All statistical analyses were performed with STATIS-
TICA v. 12.0 (StatSoft Inc., Tulsa, USA). All tests were 
performed at a significance level of α = 0.05. The interac-
tion between the type of seizure and other characteristics 
was analyzed using a contingency table. The significance 
of the interaction was tested with the χ2 test and Fisher’s 
exact test (when the number of cases was less than 40).

Results

The study involved 164 patients (average age = 68.83 years), 
including 86 men (average age = 66.2 years) and 78 wom-
en (average age = 78.83 years). The youngest patient was 
24 years old; the oldest patient was 93 years old. In 20 out 
of 164 patients, the seizures were associated with HS, while 
in the remaining 144 patients, the post-stroke epilepsy 
was associated with IS. Seizures occurring as  the  first 
symptom of IS appeared more often in female patients. 
Patients with IS were older (average age = 76 ±10.89 years) 
than the rest of the group. In 17 patients, a seizure oc-
curred within the first 2 weeks of the stroke. This included 
7 patients with seizures appearing as the first symptom 
and occurring during the first 24 h of the stroke incident. 
Late-onset seizures occurred in  147  patients (89.6%), 
 including 42 patients with epilepsy in the 1st year following 
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a stroke. The average time to onset of an epileptic sei-
zure in the study group was 19.5 months. Table 1 presents 
the characteristics of the study group.

Generalized tonic–clonic seizures occurred in 101 out 
of 164 patients, focal aware seizures occurred in 19 pa-
tients and focal impaired-awareness seizures occurred 
in 44 patients. The majority of patients with seizures with-
in the first 24 h had the generalized tonic–clonic type (70% 
of this subgroup). No statistically significant differences 
were demonstrated between seizure type and the extent 
of the focus assessed using radiological methods.

Generalized tonic–clonic seizures occurred in  65% 
(93/144) of the patients with IS. The other types of seizures 
associated with IS were less common – focal aware seizures 
occurred in 10% of patients (15/144) and focal impaired-
awareness seizures in 25% (36/144). Among the patients 
with ICH, the distribution of seizure types was different. 
Focal impaired-awareness seizures were the most com-
mon, occurring in 40% (8/20) of patients. Generalized 
tonic–clonic seizures occurred in 35% (8/20) and focal 
aware seizures in 25% (4/20) of patients.

There was significant correlation between the type of epi-
leptic seizure and the ASPECTS scores for the 3 ranges. 
Generalized seizures were most common for severe strokes 
(0–4 point range) (p = 0.01430; Fig. 1). No significant correla-
tion was found between the type of epileptic seizure and HS 
classified by blood volume.

In 105 patients, IS affected 1 cortical location (in 60%, 
it was the right hemisphere), and in 50 patients it involved 

the fronto-parieto-temporal area; in addition, the focus 
was in  the  frontal area in  17  patients, in  the  parietal 
area in 6 patients and in the temporal area in 3 patients. 
The right thalamus was the focus for 1 patient, while 3 pa-
tients had epileptic seizures with isolated cerebellar injury. 
Figure 2 shows radiological range and type of stroke.

Among hemorrhagic lesions, 14 were lobar, 2 were basal 
gangliar, 2 were thalamic, and 1 was cerebellar. No statis-
tically significant differences were found regarding sei-
zure types or a hemispheric location of the stroke focus 
(Table 2).

There were also no statistically significant differenc-
es in cardiovascular risk factors between the subgroups 
of patients. Only atrial fibrillation (AF) was statistically 
more common in early seizures (p = 0.011). Patients with 
diabetes and a history of AF showed a statistically signifi-
cant higher score on the modified Rankin Scale (p < 0.05) 
(Table 3).

The EEGs showed generalized slowing of the basic ac-
tivity of both brain hemispheres in 73 of the patients and 
asymmetrical seizure changes in 89 patients. No correla-
tion was found between EEG results and the extent of ra-
diological changes. The occurrence of seizure changes 
in EEG and the type of epileptic seizure did not affect 
the scores on the modified Rankin Scale.

Table 1. General characteristics of the group

Variable IS, n = 44 HS, n = 20 All patients, n = 164

Gender (female/male) 69/75 9/11 78/86

Age, mean [years] 76.2 ±10.89 70.5 ±12.4 68.8 ±12.6

Generalized tonic–clonic 94 7 101

Focal aware seizures 14 5 19

Focal impaired-awareness seizures 36 8 44

IS – ischemic stroke; HS – hemorrhagic stroke.

Fig. 1. Correlation between the type of epileptic seizure and the size of IS 
as assessed using the ASPECTS scale

Fig. 2. Radiological range and seizures 

Seizures: A – generalized seizure; B – focal aware seizure; C – focal 
impaired-awareness seizure. Radiological range: 1 – lacunar stroke; 
2 – territories of ACA or PCA; 3 – territories of middle cerebral artery 
(MCA); 4 – territories of MCA and ACA or MCA and PCA; 5 – territories 
of MCA, ACA and PCA; ACA – anterior cerebral artery; PCA – posterior 
cerebral artery; IS – ischemic stroke; HS – hemorrhagic stroke.
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Carbamazepine was used in 72 patients, valproic acid 
(VPA) in 38 patients, lamotrigine (LTG) in 23 patients, and 
levetiracetam (LEV) in 14 patients. In 15 patients, the treat-
ment was based on polypharmacology.

A statistically significantly higher score on the modified 
Rankin Scale was found in patients with early seizures 
compared to the group with late seizures (p < 0.005). There 
was no significant correlation between the type of epileptic 
seizure and the score on the modified Rankin Scale.

Thrombolytic treatment was used in 7.1% of patients 
(6/84) with IS. These patients had a stroke whose focus was 
in the areas of vascularization of the right MCA, the left 
MCA and the left ACA. The focal seizures in these patients 
manifested as behavioral disturbances. Only 1 patient had 
a generalized tonic–clonic seizure.

The standardized mortality rate for the study cohort 
was 5% (8/164).

Discussion

The most frequent cause of epileptic seizures in elderly 
patients is vascular brain damage. In about 50% of pa-
tients over the age of 60 years, epileptic seizure occurs 
in the course of stroke. According to some authors, post-
stroke epilepsy occurs more often in men over the age 
of 70 years (56%).14–17 In 2012, Chen et al. reported post-
stroke epilepsy in 38.5% of men with subarachnoid hem-
orrhage, in 60.7% of men with ICH and in 58% of men 
with IS.18 According to the findings of Leung et al., post-
stroke epilepsy is more frequent in women (55%).17 In our 
analysis, post-stroke epilepsy occurred in over 52% of cases 
in men. Acute asymptomatic epileptic seizures occur more 
often in patients with HS than in those with IS. In cases 
with subarachnoid hemorrhage, seizures are observed 
in 16.2% of patients. Our study showed that post-stroke 

Table 2. Radiological characteristics of the group

Variable
ASPECTS score

Mild stroke Moderate stroke Severe stroke

Generalized tonic–clonic, n = 94 68 19 7

Focal aware seizures, n = 14 7 5 2

Focal impaired-awareness seizure, n = 36 17 15 4

Variable
Intracerebral hemorrhagic stroke (ICH)

Mild ICH
<30 mL

Moderate ICH
31−60 mL

Severe ICH
>60 mL

Generalized tonic–clonic, n = 7 2 5 0

Focal aware seizures, n = 5 2 1 2

Focal impaired-awareness seizure, n = 8 3 4 1

Table 3. Early seizure compared to late seizures

Variable

Early-onset post-stroke seizures
(within 2 weeks), n = 17

Late-onset post-stroke  
seizures (more than 2 weeks),  n = 147 All

patients, 
n = 164IS

n = 12
HS

n = 5
IS

n = 132
HS

n = 15

Gender (female/male) 5/7 2/3 64/68 7/8 78/86

Age, mean [years]
69.4 ±15.7 68.5 ±12.0 69.8 ±12.6

73.2 ±15.5 62.4 ±17.6 68.6 ±12.0 65.3 ±9.2
F: 73.8 ±12.0*
M: 66.2 ±12.2

Generalized seizure 5 3 88 5 101

Focal aware seizure 4 0 11 4 19

Focal impaired-awareness seizure 3 2 33 6 44

Hypertension 7 3 101 15 126

Diabetes mellitus 3 2 34 3 42

Atherosclerosis 6 2 78 8 94

Atrial fibrillation 1 1 46 2 50

Smoking 4 2 17 3 26

Deaths 1 2 5 0 8

Modified Rankin Scale
4.1 ±1.5* 3.0 ±1.3

2.94 ±1.48
3.8 ±1.4 4.8 ±1.6 3.1 ±1.3 2.6 ±0.9

* statistical significance.
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epilepsy was present in 88% of patients who had IS; how-
ever, in 12% of patients, epileptic seizures were related 
to  HS. In  cases of  stroke covering the  entire anterior 
circulation, i.e., the anterior and middle cerebral arter-
ies of the brain (total anterior circulation infarct (TACI)) 
– most often in the course of internal carotid artery oc-
clusion – the risk of early-onset and late-onset seizures 
exceeds the risk of epilepsy in the course of HS. Post-stroke 
epilepsy develops in 15.7% of patients with acute symp-
tomatic seizures.14,15

The  pathomechanism of  post-stroke epilepsy is  not 
fully understood. According to  some hypotheses, 
the  pathomechanism of  early-onset seizures is  differ-
ent from the abnormalities that occur during late-onset 
seizures in  the  course of  cerebrovascular disease.19–25 
Quoting research by Sung and Chu, Myint et al. observed 
that “late-onset seizure peaks within 6–12 months after 
the stroke and has a higher recurrence rate of up to 90% 
in both ischemic and hemorrhagic stroke”.3 They found 
significant interaction between the type of seizure and 
the type of stroke. As many as 93% of patients with gen-
eralized seizures had IS. Among the 44 patients with IS, 
14 had focal aware seizures and 36 had focal impaired-
awareness seizures. Ischemic stroke was associated with 
generalized seizure (65%) and there was no connection 
with ICH because a maximum of 40% of patients had focal 
impaired-awareness seizures.

The factors of early-onset epileptic seizure or post-stroke 
epilepsy are as follows: embolic etiology, vascular focus 
within the area of middle cerebral artery circulation, multi-
focal brain damage, and persistent paresis. In this study, AF 
occurred statistically more often in cases of early-onset sei-
zures (p = 0.024). Kim et al. obtained similar results, i.e., AF 
was more common in late-onset post-stroke seizure after 
IS than in early-onset (≤1 week) post-stroke seizure after IS 
(p < 0.05).14 The researchers observed that the association 
between seizure and cardioembolism is often mentioned 
in published studies.26,27 However, this association remains 
controversial due to the varying study designs and diag-
nostic testing. Another important point to be considered 
is confounding factors and interaction between predictors, 
such as age with seizure manifestation or survival rate, 
or AF with cortical involvement, and so on.14

The occurrence of epileptic seizures also correlates with 
the size and location of the focus of stroke – an epileptic 
seizure will more often be a symptom of a stroke in pa-
tients with an extensive cortical vascular focus, originating 
from the anterior circulation area located superficially 
within the cortical component.3,7,19,26 Epileptic seizures 
were observed more often in patients with stroke in the left 
hemisphere (2.8%) than in the right hemisphere (1.8%).27,28 
Subcortical damage and damage in the posterior circula-
tion area increase the risk of more frequent epileptic sei-
zures (recurring seizures). Our study showed that, in most 
cases, stroke was related to the right frontal and right 

temporoparietal regions. In our research, a statistically 
significant correlation was found between the ASPECTS 
score and the type of epileptic seizure. Perhaps the cor-
relation between the larger area of ischemic damage and 
a generalized epileptic seizure is related to the spread of ab-
normal electrical activity throughout the brain. A similar 
result was obtained by Kim et al., who stated that seizure 
recurrence in a group of patients suffering from late post-
stroke seizure after IS was more common among patients 
with large lesions.14

Also, Reddy et al. indicated 2 predictive factors for de-
veloping post-stroke epilepsy – stroke severity and hemor-
rhagic character – among other related factors. In addition, 
patients with small-vessel disease were at a significantly 
higher risk of developing epilepsy.28

According to the new seizure classification, the first 
step is to separate seizures by how they begin in the brain. 
Generalized seizures, previously defined as primary gen-
eralized seizures, engage or  involve networks on both 
sides of the brain at the onset. By contrast, focal to bi-
lateral seizure describes a seizure that starts in one side 
or part of  the brain and spreads to both sides. Finally, 
in post-stroke epilepsy, it is sometimes difficult to deter-
mine the onset of a seizure. According to the majority 
of authors, this can be caused by a lack of valid medical 
history or witnesses of patients suffering from aphasia 
or disturbances of consciousness.10,11,17,29 In the early phase 
of stroke, there are sporadic status epilepticus events.12,30–32 
In our group of patients, in 7 cases (41% of patients with 
early-onset seizure) an epileptic seizure occurred within 
24 h of the stroke incident and was accompanied by hemor-
rhagic focus. Generalized seizures predominantly affected 
the group of patients who suffered an IS.

Our study has a few limitations. We reviewed the medi-
cal records of the patients retrospectively. The small sample 
in this study may have limited the derivation of adjusted 
odds ratios (ORs) with multiple predictor variables. How-
ever, we tested the distribution of all continuous variables 
and confirmed that they were normally distributed.

Conclusions

Our study has confirmed that generalized seizures 
occur mostly after IS and are late complications of  it. 
These seizures are more likely to happen with a cortical 
locus of  the stroke. Early-onset seizures occur mostly 
after HS and are associated with severe disability. Post-
stroke epilepsy occurred more frequently in patients with 
cardioembolic stroke than in those with strokes of other 
etiology. There was a significant correlation between 
the type of epileptic seizure and the ASPECTS score. 
Generalized tonic–clonic seizures occurred most often 
after a severe stroke with 0–4 points on the ASPECTS 
scale.
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Abstract
Background. Type 2 diabetes (T2D) is known to be one of the most prevalent diseases, and its prevalence 
is significantly associated with age and metabolic syndrome (MetS). Few studies have been conducted 
on liver function, MetS and insulin secretion among young adults.

Objectives. In the present study, we explored the relationship between the liver function enzyme – alanine 
aminotransferase (ALT) – and first-phase insulin secretion (FPIS) among young adults.

Material and methods. There were 22,971 men and 28,740 women, aged 18–27 years, assigned to sub-
groups according to the presence of MetS and quartiles of ALT values. Simple correlation was applied to evalu-
ate their relationship. The difference between the slopes of these relationships and FPIS were statistically 
analyzed with Chris’s calculator.

Results. Most values for metabolic parameters, including ALT and FPIS, were determined to be relatively high 
in individuals with MetS. By contrast, individuals with MetS had lower high-density-lipoprotein cholesterol 
(HDL-C) counts and FPIS. Similar results were observed in the quartiles of ALT. Significant positive results 
were also found in the linear model. Depending on the ALT level, the slope change of FPIS still demonstrated 
a positive correlation between ALT and FPIS. This correlation was stronger for men than for women.

Conclusions. A positive correlation between ALT and FPIS exists among young adults. Moreover, this cor-
relation was stronger for men than for women. Both the cause and the effect require further investigation.

Key words: metabolic syndrome, alanine aminotransferase, first-phase insulin secretion
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Introduction

With the increasing prevalence of obesity, metabolic 
syndrome (MetS) is also coming to prominence as a seri-
ous health problem among adolescents and children world-
wide.1 Following obesity, the prevalence of type 2 diabetes 
(T2D) has been increasing drastically in Taiwan as well 
as in many other countries. Moreover, among the factors 
contributing to the leading causes of mortality in Taiwan, 
T2D has remained among the top 5 for many years.2,3 Ac-
cordingly, patients, physicians, and health agencies world-
wide have identified childhood obesity as a critical health 
concern. Children with obesity exhibit a higher risk for 
developing other diseases – some examples of which are 
coronary artery disease, fatty liver, polycystic ovary syn-
drome, and hypertension – not only during childhood, 
but throughout their lives.4 It  is well-known that fatty 
liver is closely and bi-directionally related to MetS and 
T2D. Currently, the general consensus is that fatty liver 
is the hepatic manifestation of MetS.5

Abnormal liver function is often seen in clinical prac-
tice. Among the  leading causes of  abnormal alanine 
aminotransferase (ALT), nonalcoholic fatty liver disease 
is the most common, exhibiting a prevalence of 50–90%.6 
Viral hepatitis is another disease that is endemic in Taiwan. 
Hepatitis B viral infection has been reported in the litera-
ture to have an estimated prevalence of 15–20%.7,8 Patients 
with hepatitis B also have abnormal liver function. Thus, 
it is necessary to clarify the relationships between abnor-
mal liver function and T2D.

Three major pathophysiological mechanisms are gener-
ally considered to be potential causes of glucose intoler-
ance: reduction of insulin activity (or insulin resistance 
– IR), insulin secretion and glucose effectiveness.9 In ad-
dition, there are 2 phases of  insulin secretion, namely, 
first-phase insulin secretion (FPIS) and second-phase 
insulin secretion.10,11 Notably, an impairment of insulin 
secretion is related to a deterioration of liver function.12 
Consequently, clarifying the underlying causes behind 
T2D and FPIS is crucial for health providers and future 
treatment strategy. So far, few studies have evaluated 
the relationship between ALT and FPIS in young adults. 
The present study was conducted with the underlying aim 
of exploring the correlation between FPIS and ALT among 
young adults.

Methods

Study participants

This study employed random sampling to  enroll 
22,971 men and 28,740 women aged 18–27 years from 
private clinics and local hospitals in Taiwan. The MJ 
Health Screening Centers, which are a  chain of  pri-
vate clinics in Taiwan, offer their members regularly 

scheduled health examinations. They provided data 
solely for the purpose of research, and approval was ob-
tained for the protocol of this study from the MJ Health 
Screening Center Institutional Review Board. All partici-
pants in this study remained anonymous and provided 
informed consent. The definition of obesity in this study 
was a body mass index (BMI) ≥25 kg/m2. Participants 
with obesity were excluded if they took any medications 
that have been demonstrated to affect blood pressure 
or glucose and lipid levels. The patients were categorized 
into 2 groups – without MetS (MetS(−) group) and with 
MetS (MetS(+) group). The presence of MetS was de-
fined according to World Health Organization (WHO) 
criteria.13 Finally, 768 men and 794 women were included 
in the MetS(+) group. Furthermore, all participants were 
divided into quartiles based on their ALT levels for ad-
vanced analysis.

On the day of the study, a senior member of the nurs-
ing staff recorded the medical history of all participants, 
including relevant information regarding any medications 
currently being taken, and conducted a physical examina-
tion. Horizontal measurements were performed at the lo-
cation of the natural waist to record waist circumference 
(WC). To calculate BMI, the body weight (in kilograms) 
of participants was divided by the square of their height 
(in meters). Standard mercury sphygmomanometers were 
employed to perform measurements of diastolic blood 
pressure (DBP) and systolic blood pressure (SBP) mea-
sured on the right arm of the participants while they were 
seated.

Laboratory biochemistry measurement

Blood samples were collected for biochemical analy-
sis after 10 h of fasting. Within 1 h of blood collection, 
the plasma was extracted, after which it was kept at 30°C 
until the lipid profile and fasting plasma glucose (FPG) 
assays were performed. A glucose oxidase approach (YSI 
203 glucose analyzer; Yellow Springs Instruments, Yellow 
Springs, USA) was employed for measuring FPG. Mea-
surements of triglyceride (TG) levels and total cholesterol 
were conducted using a Fuji Dri-Chem 3000 analyzer (Fuji 
Photo Film, Tokyo, Japan) and a dry, multilayer analytical 
slide method. Analyses of serum low-density lipoprotein 
cholesterol (LDL-C) and high-density lipoprotein cho-
lesterol (HDL-C) concentrations were performed after 
dextran sulfate precipitation through an enzymatic cho-
lesterol assay.

Assessment of FPIS

We used the equation derived from our other groups,14 
which are listed below (international units). To demon-
strate the reliability of our equations, a short statement 
is given here. When performing this study, data of 70% 
of the participants was used to build the equations and 
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data the remaining 30% was used for external validation. 
The accuracy of the equations could therefore be tested.

In total, there were 186 subjects enrolled. The FPIS was 
measured using a  frequently sampled intravenous glu-
cose tolerance test. The R-value between the measured 
and calculated FPIS was 0.671 (p < 0.001).14 The equation 
is shown below:

FPIS = 10(1.477 – 0.119 × FPG + 0.079 × BMI – 0.523 × HDL-C)

Statistical analyses

The IBM SPSS v. 19.0 software (IBM Inc., Armonk, USA) 
was used in the study to conduct all of the statistical analy-
ses. The resulting data is provided as means ± standard 
deviation (SD). Levene’s test and the Kolmogorov–Smirnov 
test were applied to all data to assess the homogeneity 
of variance and normal distribution, respectively. If an ab-
normal distribution of data was found, then the data was 
subjected to log transformation before analysis. To iden-
tify differences between groups with and without MetS, 
a t-test was conducted. The study also used one-way analy-
sis of variance (ANOVA) to assess the difference between 
the mean values of the 4 groups. Bonferroni post hoc analy-
sis was performed for intergroup comparisons. A simple 
correlation was adopted in order to assess the correlation 
between 2 independent variables. Concurrently, the slopes 
of these relationships could also be obtained. We adopted 
0% and 100% as the lowest and highest FPIS values, respec-
tively, with values between these 2 extremes being calculat-
ed as the corresponding percentage. To compare the slopes 
between these 2 lines in order to determine whether they 
differed significantly, we utilized Chris’s calculator.15

Results

Table 1 presents the demographics of our study cohort. 
Regardless of gender, the participants in the MetS(+) group 
exhibited unfavorable results for MetS-related factors, in-
cluding BMI, WC, SBP, DBP, TG, FPG, HDL-C, and LDL-
C. In addition, the participants in the MetS(+) group were 
determined to have higher levels of both FPIS and ALT, 
which constituted the most critical factors. As already 
mentioned, all participants were subdivided on the basis 
of the quartiles of ALT results into 4 groups. Notably, for 
both sexes, participants with higher ALT levels had lower 
HDL-C levels but higher SBP, WC, FPG, DBP, BMI, TG, 
and LDL-C levels (Table 2). A scatter plot of the correla-
tion of ALT and log transformation of FPIS is presented 
in Fig. 1. The correlation coefficient (r) values were 0.349 
for men and 0.133 for women. The correlations for both 
genders were statistically significant (p < 0.001). Figure 2 
presents the different slopes of log transformation of FPIS 
in men and women. As described in the Methods section, 
FPIS was transformed into a percentage of the maximum 
value (100%). Through a comparison of the genders re-
garding changes to the FPIS slope according to ALT level, 
we discovered that men had a higher slope than women.

Discussion

In the current study, our data demonstrated that there 
is a positive relationship between ALT and FPIS in Chinese 
young adults. This is the first study, to our knowledge, 
to present these results for a group of relative healthy, non-
obese subjects without any possible confounding effects 

Table 1. General characteristics of subjects without and with metabolic syndrome (MetS) according to gender

 Parameter

Group

Men Women

MetS(−) MetS(+) p-value MetS(−) MetS(+) p-value

N 21,236 1,735 28,225 515

Age [years] 24.21 ±2.55 24.58 ±2.54 <0.001 24.23 ±2.42 24.17 ±2.61 0.596

BMI [kg/m2] 22.4 ±3.3 28.7 ±4.4 <0.001 20.1 ±2.8 28.9 ±5.3 <0.001

WC [cm] 76.3 ±8.1 92.0 ±10.4 <0.001 65.8 ±6.2 84.5 ±10.9 <0.001

SBP [mm Hg] 118.3 ±12.4 133.3 ±12.8 <0.001 106.6 ±11.1 125.6 ±14.1 <0.001

DBP [mm Hg] 68.2 ±8.8 77.1 ±10.3 <0.001 62.8 ±8.1 73.4 ±10.7 <0.001

FPG [mg/dL] 93.51 ±7.38 101.57 ±17.98 <0.001 89.82 ±7.25 101.90 ±23.31 <0.001

TG [mg/dL] 86.30 ±42.12 172.61 ±72.12 <0.001 67.92 ±29.26 146.50 ±66.58 <0.001

HDL-C [mg/dL] 51.81 ±11.54 39.58 ±8.20 <0.001 62.75 ±14.10 43.32 ±7.74 <0.001

LDL-C [mg/dL] 105.02 ±28.37 117.97 ±32.58 <0.001 97.80 ±26.50 112.08 ±30.39 <0.001

ALT [U/L] 27.8 ±25.8 57.6 ±46.0 <0.001 16.0 ±14.7 34.3 ±32.6 <0.001

Log_FPIS [μU/min] 1.928 ±0.327 2.534 ±0.374 <0.001 1.624 ±0.322 2.496 ±0.452 <0.001

Data presented as means ± standard deviation (SD); BMI – body mass index; WC – waist circumference; SBP – systolic blood pressure; DBP – diastolic 
blood pressure; FPG – fasting plasma glucose; TG – triglyceride; HDL-C – high-density-lipoprotein cholesterol; LDL-C – low-density-lipoprotein cholesterol; 
ALT – alanine aminotransferase; Log FPIS – log transformation of first-phase insulin secretion.
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from drugs used for treating hypertension, dyslipidemia 
or T2D.

Few studies have evaluated the  correlation between 
ALT and FPIS. Therefore, the relative issue is still debated. 

By using the homeostasis model assessment, Hsiao et al. 
reported that both insulin secretion and sensitivity exhib-
ited simultaneously significant impairment with increased 
ALT levels in 284 Chinese adults.12 Their findings contrast 

Fig. 1. Scatter plot of log-transformed first-phase insulin secretion and alanine aminotransferase levels in (A) men and (B) women

Table 2. Categorization of alanine aminotransferase levels from low to high

Parameter ALT1 ALT2 ALT3 ALT4 p-value

Men

n 5,414 6,230 5,759 5,531

ALT [U/L] 11.6 ±2.0 2,3,4 17.8 ±2.0 1,3,4 27.0 ±3.7 1,2,4 65.0 ±41.4 1,2,3 <0.001

Age [years] 24.63 ±2.38 2,3,4 24.55 ±2.45 1,3,4 24.15 ±2.57 1,2 25.63 ±2.69 1,2 <0.001

BMI [kg/m2] 20.8 ±2.4 2,3,4 21.9 ±2.8 1,3,4 23.2 ±3.3 1,2,4 25.6 ±4.4 1,2,3 <0.001

WC [cm] 72.22 ±6.36 2,3,4 75.20 ±7.25 1,3,4 78.42 ±9.30 1,2,4 84.08 ±10.59 1,2,3 <0.001

SBP [mm Hg] 117 ±12 2,3,4 118 ±13 1,3,4 120 ±13 1,2,4 120 ±13 1,2,3 <0.001

DBP [mm Hg] 67 ±9 2,3,4 68 ±9 1,3,4 69 ±9 1,2,4 71 ±10 1,2,3 <0.001

FPG [mg/dL] 93 ±7 2,3,4 94 ±10 1,4 94 ±8 1,4 95 ±9 1,2,3 <0.001

TG [mg/dL] 74 ±31 2,3,4 81 ±39 1,3,4 96 ±48 1,2,4 121 ±65 none <0.001

HDL-C [mg/dL] 52.3 ±11.3 3,4 52.2 ±11.5 3,4 50.8 ±12.1 1,2,4 48.1 ±11.6 1,2,3 <0.001

LDL-C [mg/dL] 96.4 ±25.7 2,3,4 101.9 ±27.0 1,3,4 108.9 ±28.1 1,2,4 117.1 ±30.6 1,2,3 <0.001

Log_FPIS [μU/min] 1.796 ±0.265 2,3,4 1.885 ±0.300 1,3,4 2.006 ±0.345 1,2,4 2.215 ±0.409 1,2,3 <0.001

Women

n 7,762 8,070 6,046 6,853

ALT [U/L] 8.7 ±1.4 2,3,4 11.9 ±0.8 1,3,4 15.2 ±1.1 1,2,4 31.2 ±26.0 1,2,3 <0.001

Age [years] 24.34 ±2.37 2,3,4 24.34 ±2.38 1 24.22 ±2.43 1 23.99 ±2.52 1 <0.001

BMI [kg/m2] 19.7 ±2.3 2,3,4 19.9 ±2.5 1,3,4 20.3 ±2.9 1,2,4 21.4 ±4.1 1,2,3 <0.001

WV [cm] 65.0 ±5.3 2,3,4 65.5 ±5.7 1,3,4 66.2 ±6.4 1,24, 68.4 ±8.8 1,2,3 <0.001

SBP [mm Hg] 106 ±11 3,4 107 ±11 4 107 ±11 1,4 108 ±12 1,2,3 <0.001

DBP [mm Hg] 63 ±8 4 63 ±8 4 63 ±8 none 64 ±9 1,2 <0.001

FPG [mg/dL] 90 ±7 4 90 ±7 4 90 ±7 4 91 ±11 1,2,3 <0.001

TG [mg/dL] 65 ±26 3,4 66 ±28 3,4 69 ±32 1,2,4 78 ±40 1,2,3 <0.001

HDL-C [mg/dL] 61 ±13 2,3 63 ±14 1,4 64 ±15 1,4 62 ±15 2,3 <0.001

LDL-C [mg/dL] 95 ±25 2,3,4 97 ±27 1,4 98 ±26 1,4 102 ±28 1,2,3 <0.001

Log_FPIS [μU/min] 1.607 ±0.276 4 1.604 ±0.302 4 1.625 ±0.343 4 1.732 ±0.435 1,2,3 <0.001

Data is presented as means ± standard deviation (SD); 1 p < 0.05 vs ALT1; 2 p < 0.05 vs ALT2; 3 p < 0.05 vs ALT3; 4 p < 0.05 vs ALT4; BMI – body mass index; WC 
– waist circumference; SBP – systolic blood pressure; DBP – diastolic blood pressure; FPG – fasting plasma glucose; TG – triglyceride; HDL-C – high-density-
lipoprotein cholesterol; LDL-C – low-density-lipoprotein cholesterol; ALT – alanine aminotransferase; Log FPIS – log transformation of first-phase insulin 
secretion.
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with ours. However, their study population was smaller 
than ours and they evaluated only participants who had 
FPG levels ranging from 100 mg/dL to 109 mg/dL. In or-
der to explain the discrepancy between these 2 different 
results, we hypothesize that obesity may be the link be-
tween ALT and FPIS. We can observe that individuals with 
obesity have higher ALT levels as well as elevated insulin 
secretion. Therefore, it could be postulated that people 
with higher ALT levels exhibit increased insulin secretion.

It  is  well-known that insulin secretion consists of  2 
phases: FPIS and SPIS.10,11 After intravenous glucose in-
fusion, glucose concentration increases rapidly. A bipha-
sic response of insulin secretion is then observed, which 
comprises a sharp increase that reaches a peak. This stage 
is followed by a nadir between peaks and subsequently 
a slower increasing phase. Although the existence of FPIS 
is still under debate, a great deal of evidence supports it. 
For instance, Steiner et al. demonstrated that FPIS and 
SPIS play different roles in insulin secretion.16 Using a so-
phisticated method that employed a pancreatic clamp, they 
discovered that FPIS is crucial for suppressing the acute 
response of glucose stimulation. Even though this paper 
was published 30 years ago, it still constitutes a milestone 
in this topic. Furthermore, Kepner et al. suggested that 
the cascade involved in SPIS is different from that in FPIS.17 
In SPIS, Cool-1/βPIX operates as an exchange factor for 
guanine nucleotide to regulate insulin secretion, which 
is not the case in FPIS.

In  our study, we  discovered that participants with 
obesity had higher levels of insulin secretion. Kreisberg 
et al. might be the first group to report this observation.18 
In 1968, Karam et al. further expounded on this relation-
ship.19 They discovered that after glucose challenge, a more 
considerable acute insulin increase was noted in obese 
patients compared with healthy individuals.20 Because 
studies have indicated no impairment of insulin clearance, 
they concluded that this increase in insulin response must 
be due to higher levels of insulin secretion. Many studies 
conducted since then have also shown that individuals 
with obesity have superior cell function due to a greater 
cell mass compared with individuals without obesity.21–23 

Recently, our group also validated this result by enrolling 
individuals with the same age and BMI. Our data suggested 
that BMI is positively related to FPIS in both men and 
women (R-value: 0.966 and 0.926, respectively). It should 
be noted that this is the only reference, to our knowledge, 
that is directly related to the role of FPIS alone.24

The ALT levels are higher in obese individuals. This 
finding is the final component needed to clarify the link 
between BMI and FPIS. Abnormal liver function has 
an estimated prevalence of 10–21%.25 Among the causes 
of abnormal ALT, the most common is nonalcoholic fatty 
liver disease, which accounts for 50–90% of cases.6 Fatty 
liver disease can cause either simple steatosis without 
inflammation or nonalcoholic steatohepatisis.26 The sec-
ond most common cause, particularly in Taiwan, is vi-
ral hepatitis; this is because Taiwan is one of the most 
endemic areas for hepatitis.8 Research has determined 
that there is a strong association between obesity and 
nonalcoholic fatty liver disease, with approx. 80% of obese 
individuals reported as having have nonalcoholic fatty 
liver disease.27,28 Moreover, viral hepatitis C was reported 
to have a correlation with obesity.29 Such research vali-
dates the finding that ALT levels are higher among indi-
viduals with obesity.

This study has some limitations worth noting. Firstly, 
because this is a cross-sectional study, recall and selection 
bias are inherent limitations. Further research may be re-
quired in order to overcome these limitations. Secondly, 
it may be disputed that our equation is not an accurate 
method for quantifying FPIS. However, this method has 
been validated and published with an R-value of 0.6–0.7. 
Therefore, we still believe that the present study eluci-
dates the relationships between ALT and FPIS by enrolling 
a large study sample.

Conclusions

In conclusion, our study revealed that there is a posi-
tive relationship between FPIS and ALT in Chinese young 
adults.
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Abstract
Background. Hypopharyngeal cancer is one of the most frequent head and neck cancers and is associated 
with a poor prognosis because of recurrence and metastases. Therefore, there is a need to improve the prog-
nosis, which requires the identification of prognostic factors and elucidation of the mechanisms involved 
in tumor progression. Accumulated evidence has demonstrated that cluster of differentiation 147 (CD147) 
is strongly expressed in malignant tumors, including head and neck squamous cell carcinoma (HNSCC), and 
contributes to tumor progression.

Objectives. To investigate CD147-induced signaling pathways in HNSCC cells to evaluate the mechanisms 
of tumor progression mediated by CD147, and the association between CD147 expression in tumors and 
the survival rate of hypopharyngeal cancer patients.

Material and methods. To determine the downstream signaling of CD147 in HNSCC, expression levels 
of phosphorylated AKT1, MEK1, p38 MAPK, STAT3, and NF-κB were evaluated using enzyme-linked immuno-
sorbent assay (ELISA) in FaDu, a hypopharyngeal cell line, exposed to cyclophilin A, a CD147 ligand.

Results. We found that hypopharyngeal cancer patients expressing CD147 showed a poor five-year overall 
survival (OS) of 11.1% compared with those without CD147 expression (43.0%) (p = 0.02). We confirmed 
that the expression of phosphorylated MEK and matrix metalloproteinase-9 (MMP-9), as well as cell inva-
sion ability, were enhanced in hypopharyngeal cancer cells. In addition, this increased cell infiltration and 
enhancement of MMP-9 expression induced by CD147 were abolished by a MEK inhibitor.

Conclusions. These results suggest that CD147 can be a predictor of a poor prognosis, and that a CD147-
induced MEK-mediated intracellular signaling pathway plays a crucial role in tumor progression in hypo-
pharyngeal carcinoma.

Key words: invasion, MMP, hypopharyngeal cancer, CD147, MEK
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Introduction

Hypopharyngeal cancer is among the most frequent head 
and neck cancers. Multidisciplinary treatment is admin-
istered according to the stage of the disease, but the prog-
nosis is poor due to recurrence and metastasis.1 Devel-
oping more efficient treatments is essential to improve 
the prognosis. For this purpose, it is necessary to elucidate 
the mechanisms of tumor progression.

In recent years, key factors involved in cancer progression 
have been identified.2 The elucidation of the mechanisms 
involved in tumor progression in head and neck cancer, in-
cluding hypopharyngeal cancer,3 is a topic of high interest. 
Furthermore, new therapeutic targets, such as downstream 
components of receptor signaling cascades, intracellular 
tyrosine kinases, PI3K, and STAT3, have been identified.4

Cluster of differentiation 147 (CD147), also known as ex-
tracellular matrix metalloproteinase inducer (EMMPRIN), 
is  a  member of  the  immunoglobulin superfamily that 
is highly expressed in cancer cells.5 CD147 induces the pro-
duction of matrix metalloproteinases (MMPs), which have 
many physiological effects, including cell proliferation 
and extracellular matrix (ECM) degradation. Therefore, 
CD147 plays an important role in tumorigenesis. CD147 
contributes to a variety of malignant phenotypes, includ-
ing head and neck squamous cell carcinoma (HNSCC).6 
In addition, it has been reported that CD147 is a predictor 
of a poor prognosis in HNSCC patients.7 We also previ-
ously reported that CD147 expression is associated with 
cervical lymph node metastasis in patients with tongue 
squamous cell carcinoma (SCC).8

Studies have attempted to elucidate the mechanisms 
underlying CD147-induced tumorigenesis in various types 
of cancer, and the number of studies on the contribution 
of CD147 to the progression of HNSCC is  increasing.9 
However, its detailed mechanism has not been fully elu-
cidated yet.

Intracellular signal transduction is an important cell 
regulatory mechanism.10 The importance of signal trans-
duction during cancer progression is also widely recog-
nized, and research on this topic is continuously becoming 
more intensive.11,12 In recent years, intracellular signals 
have been elucidated in many carcinomas, including head 
and neck cancers, suggesting their potential as therapeutic 
targets.13 In particular, CD147-induced signaling path-
ways have been investigated in various carcinomas, and 
the importance of pathways involving Smad, mTOR and 
STAT3 has been reported.14–16

The involvement of MAPK/ERK signaling in HNSCC 
has also been reported.17 However, the  role of  CD147 
in HNSCC tumorigenesis and the underlying mechanisms, 
including cell signaling pathways, in hypopharyngeal can-
cer are not fully understood. The purpose of this study 
was to investigate the mechanisms of tumor progression 
mediated by CD147 and clinical features of CD147 in hy-
popharyngeal cancer.

Material and methods

Patients

In this study, we examined 19 patients with pathologi-
cally confirmed SCC in their hypopharynx who under-
went surgery at  the Department of Otorhinolaryngol-
ogy & Head and Neck Surgery at  the Akita University 
Graduate School of Medicine (Japan) between 2005 and 
2014. Patient consent was not deemed necessary because 
the patient information was obtained from a pathology 
archive in which patient identification was anonymized 
and de-identified prior to analysis. All the patients were 
followed up for at least 60 months or until they died after 
surgery. The tumors were classified according to the 2002 
Union for International Cancer Control staging system 
(Table 1).18

Table 1. Patients’ characteristics and pathological findings

Variable Number of patients

Sex
male
female

17
2

Age [years]
median
range

62
49–80

Stage
III
IV

1
18

CD147 index
0
2
4

8
2
9

Follow-up [months]
median 
range

68
6–91

Prognosis
survived
died from hypopharyngeal cancer
died because of factors other than 

hypopharyngeal cancer 

6
10

3

Differentiation type
poor
moderate
well

5
10
4

Vessel invasion
positive
negative

11
8

Lymph vessel invasion
positive
negative

12
7

Perineural invasion
positive
negative

9
10

CD147 – cluster of differentiation 147.
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Immunohistochemistry and classification 
of pathological findings

Excised primary tumor specimens were fixed with 10% 
neutral-buffered formalin, and consecutive sections were 
cut every 5 mm; 4-µm thick tissue sections were obtained. 
The sections were stained with hematoxylin and eosin 
(H&E), and the section containing the  invasive tumor 
front was selected for further analysis. The polyclonal 
anti-CD147 antibody (Santa Cruz Biotechnology, Santa 
Cruz, USA) was used as the primary antibody for im-
munohistochemical staining. In brief, 4-µm thick sec-
tions were deparaffinized and initially autoclaved for 
15 min at 121°C. Sections were then blocked with 0.3% 
hydrogen peroxide in methanol for 30 min at room tem-
perature and with 10% normal rabbit serum/Tris (Vector 
Laboratories Inc., Burlingame, USA) for 30 min at room 
temperature. All the sections were kept overnight at 4°C 
in phosphate-buffered saline (PBS) containing the rab-
bit anti-human CD147 polyclonal antibody (dilution: 
1:200), followed by a 1 h incubation with biotinylated 
anti-rabbit IgG (ready-to-use dilution, cat. No. ab64256; 
Abcam, Cambridge, UK) at room temperature. The sec-
tions were washed with PBS and protein expression was 
detected with the Vectastain avidin-biotin complex kit 
(Vector Laboratories Inc.) according to the manufacturer’s 
instructions, and then reacted with diaminobenzidine 
(Nacalai Tesque Inc., Kyoto, Japan) for 3–5 min at room 
temperature.

A pathologist and surgeon evaluated the CD147 im-
munohistochemical staining. CD147 expression in a tu-
mor was scored according to the staining strength and 
intensity at ×200 magnification using light microscopy. 
The areas of CD147 staining received scores of 0 if <10% 
of cells in the tumor nest were positive; scores of 1 if ≥10% 
but <50% of cells in the tumor were positive; and scores 
of 2 if ≥50% of cells of the tumor were positive. CD147 
staining intensity was also scored from 0 to  2 (nega-
tive, weak or strong staining), and a CD147 index (range: 
0–4) was calculated as  the  CD147-positive area score 
(0-2) × CD147 intensity score (0–2). An index of 4 was 
classified as positive.

In addition, H&E-stained samples were examined to de-
termine the SCC differentiation type and the presence 
or absence of lymphovascular, vascular and perineural in-
vasion. Samples were classified according to the pathologi-
cal findings as poorly, moderately or well-differentiated, 
and assessed for the presence or absence of lymphovascu-
lar, vascular and/or perineural invasion.

Cells and cell culture

FaDu, a cell line derived from human SCC of the hy-
popharynx that expresses CD147,19 was a  kind gift 
from the Department of Cell Biology and Morphology 
at the Akita University Graduate School of Medicine and 

was used for in vitro studies. Cells were maintained in Dul-
becco’s modified Eagle’s medium (DMEM) supplemented 
with 10% heat-inactivated fetal bovine serum (FBS) and 
incubated at 37°C in the presence of 5% CO2. For the stimu-
lation experiments, FaDu cells were pre-incubated with 
serum-free DMEM and then incubated with serum-free 
medium containing cyclophilin A (CypA; Sigma-Aldrich, 
St. Louis, USA). A MEK inhibitor, U0126 (Wako Pure 
Chemical Industries Ltd., Osaka, Japan), was used for 
the MEK inhibition studies.

Matrigel invasion assay

We evaluated cell invasiveness in vitro using Matrigel-
coated semipermeable-modified Boyden inserts with 
a pore size of 8 μm (Becton Dickinson & Co., Franklin 
Lakes, USA). In addition, FaDu cells were plated at a den-
sity of 2.5 × 104 cells/insert in serum-free medium with 
or without CypA (400 ng/mL). Notably, the lower chamber 
contained DMEM + 10% FBS and served as a chemoat-
tractant. Meanwhile, we  plated cells in  96-well plates 
to serve as loading controls. After a 48-hour treatment 
at  37°C in  a  5% CO2 incubator, we  removed the  cells 
in the insert by wiping gently with a cotton swab. Next, 
the cells on the reverse side of the insert were fixed and 
stained using Diff-Quick (Sysmex, Kobe, Japan) according 
to the manufacturer’s instructions. We counted the invad-
ing cells in 4 representative fields using light microscopy 
at ×200 magnification, and evaluated the mean ± standard 
deviation (SD) from 3 independent experiments. Addition-
ally, the cells plated in 96-well plates as loading controls 
were subjected to 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide assays, which meant that cell inva-
sion ability was evaluated without the effects of increases 
in the number of cells across the groups.

Gelatin zymography

FaDu cells were cultured overnight using ordinary se-
rum-containing DMEM, and then washed with serum-free 
DMEM and further cultured using serum-free DMEM 
with/without 400 ng/mL of CypA for 48 h. This was fol-
lowed by detection of gelatinolytic activity in the condi-
tioned media using gelatin zymography. In brief, the con-
ditioned medium was resolved with SDS-PAGE under 
non-reducing conditions using 7.5% separating gel contain-
ing 0.3 mg/mL gelatin. Then, the gels were washed twice 
in 2.5% (w/v) Triton X-100 for 30 min at room temperature 
to remove the SDS, then incubated in reaction buffer con-
taining 50 mM Tris–HCl, pH 7.6, 5 mM CaCl2, and 2.5% 
Triton X-100 for 24 h at 37°C, followed by staining with 
2.5% (w/v) Coomassie brilliant blue R- 250 in 30% (v/v) 
methanol and 10% (v/v) acetic acid. After de-staining with 
30% methanol and 10% acetic acid, gelatinolytic  activities 
on the gel were detected as clear bands on a blue back-
ground of undigested gelatin.
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siRNA and siRNA transfection

CD147 siGENOME siRNA (Dharmacon RNA Tech-
nologies, Lafayette, USA) was transfected into FaDu cells 
for CD147 silencing. We used siGENOME non-targeting 
siRNA as  control. The  siRNA transfections were per-
formed using Lipofectamine 2000 (Life Technologies Inc., 
Carlsbad, USA). In brief, 1.8 × 105 FaDu cells were plated 
on a six-well plate. After a 24-hour incubation in complete 
media, the cells were transfected with 200 pmol of CD147 
siRNA or  non-targeting control siRNA. The  transfec-
tion medium was replaced with complete media after 
4 h of transfection.

Semi-quantitative determination of AKT, 
Stat3, p38 MAPK, MEK1, and NF-κB 
phosphorylation status

PathScan® Signaling Nodes Multi-Target Sandwich 
ELISA Kit No. 7272 was purchased from Cell Signal-
ing Technology, Inc. (Danvers, USA). This solid phase 
sandwich enzyme-linked immunosorbent assay (ELISA) 
combines the reagents necessary to detect endogenous 
levels of AKT1, phospho-AKT1 (Ser473), phospho-MEK1 
(Ser217/221), phospho-p38 MAPK (Thr180/Tyr182), 
phospho-Stat3 (Tyr705), and phospho-NF-κB p65 
(Ser536). FaDu cells (75–80% confluent) were starved 
overnight and then cultured in the absence or presence 
of 200 ng/mL of CypA in  low-serum (0.1% FBS)-con-
taining culture medium for 48 h. The cells were washed 
twice with cold PBS and then lysed in buffer (20 mM Tris 
pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% 
Triton® X-100, 2.5 mM sodium pyrophosphate, 1 mM 
ß-glycerolphosphate, 1 mM Na3VO4, 1 μg/mL leupeptin, 
1 mM phenylmethylsulfonylfluoride), and a complete 
protease inhibitor cocktail from Sigma-Chemicals 
(St. Louis, USA), for 30 min on  ice. The  lysates were 
cleared by centrifugation in an Eppendorff tube (15 min 
at 14,000 × g, 4°C). The protein content was determined 
against a  standardized control using a commercially 
available protein assay kit (Pierce Biotechnology Inc., 
Rockford, USA). Differential phosphorylation of AKT1, 
phospho-AKT, phosphoMEK1, phospho-p38 MAPK, 
phospho-Stat3, and phospho-NF-κB p65 was measured 
in  accordance with the  manufacturer’s instructions. 
Briefly, after incubation with cell lysates at a protein con-
centration of 0.5 mg/mL, the target phospho-protein was 
captured using the antibody coated onto the microwells. 
Following extensive washing, a detection antibody was 
added to detect the captured target phospho-protein. 
An  HRP-linked secondary antibody was then used 
to recognize the bound detection antibody. The HRP 
substrate TMB was added to develop color. The mag-
nitude of absorbance (measured at 450 nm) for the de-
veloped color is proportional to the quantity of bound 
target protein.

Statistical analysis

Statistical analyses were performed using Statcel 3 (OMS 
Publishing, Tokorozawa, Japan). The Wilcoxon–Mann–
Whitney two-sided exact test was used to assess the statisti-
cal significance of the differences in MMP-9 expression and 
invasion studies. Fisher’s exact test was used to determine 
the relationship between CD147 expression and the dif-
ferentiation type, lymphatic invasion, vascular invasion, 
and perineural invasion. A value of p < 0.05 was considered 
to indicate a statistically significant difference. The differ-
ence in survival between patients stratified by CD147 levels 
was evaluated with a Kaplan–Meier survival analysis.

Results

Patient data and pathological findings

As  presented in  Table  1, 19  patients (17  men and 
2  women) with hypopharyngeal SCC were included 
in the present study. All the patients presented with stage 
III or IV (stage III: 1 patient, stage IV: 18 patients). The pa-
tients ranged in age from 49 to 80 years (median: 62 years). 
During the follow-up period (median: 68 months, range: 
6–91 months), 10 patients died from hypopharyngeal can-
cer and 6 survived. Three patients died because of factors 
other than hypopharyngeal cancer.

When immunohistochemistry was used to  measure 
CD147 levels in tumor tissues, 8 samples were given a score 
of 0; 2 were given a score of 2; and 9 were given a score of 4. 
Accordingly, the 9 cases scored as 4 were defined as posi-
tive, and the remaining 11 cases were considered negative 
for CD147 expression.

Regarding the other histopathological findings, 5 cases 
were poorly differentiated, 10 cases were moderately dif-
ferentiated and 4 cases were well-differentiated. In addi-
tion, 11 exhibited vascular invasion, 12 lymphovascular 
invasion and 9 perineural invasion.

The patient characteristics and pathological findings are 
summarized in Table 1.

CD147 expression in primary tumors 
is an independent post-surgical predictor 
of a poor prognosis

We then investigated the association between CD147 
levels and the survival rate in hypopharyngeal cancer pa-
tients using the  Kaplan–Meier method. We  found that 
hypopharyngeal cancer patients with positive CD147 ex-
pression showed a lower five-year overall survival rate (OS) 
at 60 months (11.1%) compared with patients with nega-
tive CD147 expression (43.0%) (p = 0.023; Fig. 1). Therefore, 
higher CD147 expression is associated with a poor prognosis 
in hypopharyngeal cancer patients. In contrast, there were no 
significant differences in the survival rates in terms of SCC 
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differentiation type and the presence or absence of lympho-
vascular, vascular and perineural invasion (data not shown).

In addition, we investigated the association of CD147 
expression and representative pathological findings, 
 including SCC differentiation type and the presence or ab-
sence of lymphovascular, vascular and perineural invasion. 
However, there were no significant correlations between 
CD147 expression and the pathological findings (Table 2). 
These results suggest that CD147 may be an independent 
prognostic factor.

CypA-CD147 interactions upregulate 
the expression of phosphorylated MEK 
in FaDu cells

We assessed the activation status of convergence points 
and key regulatory proteins in several signaling pathways 
controlling cellular events that contribute to tumor pro-
gression. We used the PathScan® Signaling Nodes Multi-
Target Sandwich ELISA kit (Cell Signaling Technology, 
Inc.) to  simultaneously assess in  a  semi-quantitative 

manner the endogenous levels of AKT1, phospho-AKT1 
(Ser473), phospho-MEK1 (Ser217/221), phospho-p38 
MAPK (Thr180/Tyr182), phospho-Stat3 (Tyr705), and 
phospho-NF-κB p65 (Ser536) in FaDu cells.

Phosphorylation is the most common mechanism of reg-
ulating protein function and transmitting signals through-
out the cell.20 Therefore, the observation of a phosphory-
lated signaling factor implies activation of the pathway 
in which the factor is involved.

To assess the signaling pathways associated with CD147, 
FaDu cells were cultured with 400 ng/mL CypA. We previ-
ously reported that CypA induces tumorigenicity by interac-
tion with CD147 in FaDu cells.21 The findings revealed that 
among the signaling nodes evaluated, only the protein level 
of phospho-MEK was upregulated in the presence of CypA.

We then used siRNA to downregulate CD147 before cul-
turing the FaDu cells (Fig. 2A) in the presence or absence 
of CypA. By silencing CD147, if  the protein expression 
levels of signaling nodes are changed by CypA, it is pos-
sible to validate whether CD147 mediates this alteration. 
We found that CypA induced significant increase in phos-
pho-MEK expression in non-targeting siRNA-treated cells, 
but this increase was not observed following CD147 knock-
down (Fig. 2B). These results suggest that MEK is an im-
portant signaling pathway related to CD147 in hypopha-
ryngeal SCC.

MEK mediates CypA-induced cell invasion 
and MMP-9 expression in FaDu cells

As tumor cell invasion is an important stage in metas-
tasis, several studies have focused on developing methods 
to control invasion as a target for clinical tumor suppres-
sion.22 In addition, it has been reported that MMPs, espe-
cially gelatinases MMP-9 and MMP-2, play an important 
role in tumor invasion and metastasis through degradation 
of the basement membrane.23 To evaluate invasion, FaDu 

Fig. 1. Overall survival (OS) stratified 
according to CD147 status among 
hypopharyngeal cancer patients (log-rank 
test, p = 0.023)

Table 2. The associations between histopathological findings and CD147 
expression

Characteristics
CD147

p-value
positive negative

Differentiation 
type

moderate/poor 7 8
0.667 

well 2 2

Vascular 
invasion

positive 7 4
0.115 

negative 2 6

Lymphovascular 
invasion

positive 7 5
0.220 

negative 2 5

Perineural 
invasion 

positive 3 1
0.249 

negative 6 9

CD147 – cluster of differentiation 147.
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cells were seeded into Matrigel-coated invasion chambers 
and stimulated with CypA. The expression levels of gelati-
nases were also detected using gelatin zymography in FaDu 
cells treated with or without CypA. It was revealed that cell 
invasion was increased in the presence of CypA. In addi-
tion, only the expression of MMP-9 was detected, indicat-
ing that MMP-9 expression was increased in the presence 
of CypA.

To determine whether MEK signaling mediates these 
changes in  invasion and MMP expression by  CypA, 
we treated FaDu cells with U0126, a specific MEK in-
hibitor, in the presence or absence of CypA. We found 
a significant increase in cell invasion and upregulation 
of MMP-9 expression by CypA in the absence of U0126. 
However, these increments were not observed in the pres-
ence of U0126 (Fig. 3,4). These results suggest that the MEK 
signaling pathway mediates CD147 tumorigenesis in hy-
popharyngeal SCC.

Fig. 4. MEK mediates CypA-induced expression of MMP-9 
in hypopharyngeal cancer cells. MMP-9 expression was evaluated using 
gelatin zymography. FaDu cells were cultured in serum-free medium 
with or without 200 ng/mL of CypA, 10 nM of U0126 (a specific MEK 
inhibitor), or a combination of CypA and U0126. A. A representative 
result of gelatin zymography used to detect MMP-9 in the culture 
media of FaDu cells; B. Densitometry analysis performed on the gelatin 
zymography results of MMP-9 levels relative to MMP-9 in untreated FaDu 
cells. Means ± standard error (SE) were calculated from 3 independent 
experiments. The expression of MMP-9 significantly increased following 
stimulation with CypA compared with untreated cells, and this increase 
was attenuated by U0126

NS – not significant (p > 0.05); CypA – cyclophilin A.

Fig. 3. MEK mediates CypA-induced cell invasion in hypopharyngeal 
cancer cells. Cell invasiveness was evaluated in vitro using a Matrigel 
invasion assay. FaDu cells were plated in the inserts in serum-free medium 
with or without 200 ng/mL of CypA, 10 nM of U0126 (a specific MEK 
inhibitor), or a combination of CypA and U0126. The number of invading 
cells in each insert was determined, and means ± standard error (SE) were 
calculated from 5 independent experiments. The number of invading 
cells significantly increased following stimulation with CypA compared 
with untreated cells, and this increase was attenuated by U0126

NS – not significant (p > 0.05); CypA – cyclophilin A.

Fig. 2. A. CypA-CD147 interactions upregulate the expression 
of phosphorylated MEK in hypopharyngeal cancer cells. FaDu cells were 
transfected with non-targeting siRNA or CD147 siRNA. CD147 expression 
was analyzed with western blotting. CD147 expression was successfully 
downregulated 48 h after siRNA transfection; B. FaDu cells were then 
cultured with or without 200 ng/mL of CypA. The expression of phospho-
MEK was examined using ELISA. The experiment was repeated 5 times, 
and similar results were observed for each replication. The results are 
expressed as fold change relative to untreated FaDu cells. A significant 
increase in phospho-MEK induced by CypA was observed during non-
targeting siRNA treatment; however, this significance was not observed 
during CD147 knockdown

NS – not significant (p > 0.05); siRNA – small interfering RNA; 
CypA – cyclophilin A.

non-targeting
siRNA

CD147
siRNA

CypA

non-targeting
siRNA

CD147
siRNA

fo
ld

 e
xp

re
ss

io
n 

of
 p

ho
sp

ho
-M

EK
re

la
tiv

e 
to

 u
nt

re
at

ed
 c

el
ls

CD147

actin

A

B

p = 0.0091.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

NS
U0126(–) U0126(+)

CypA

fo
ld

 in
va

si
on

re
la

tiv
e 

to
 u

nt
re

at
ed

 c
el

ls

p = 0.009
2.5

2.0

1.5

1.0

0.5

0.0

NS

U0126(–) U0126(+)

U0126(–) U0126(+)

CypA

CypA

MMP-9

fo
ld

 M
M

P-
9 

ex
pr

es
si

on
re

la
tiv

e 
to

 u
nt

re
at

ed
 c

el
ls

p = 0.0495

NS

A

B 1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0



Adv Clin Exp Med. 2021;30(1):41–48 47

Discussion

It is ideal to improve the effectiveness of cancer treat-
ments while suppressing toxic side effects. For that pur-
pose, it is important to determine the characteristics and 
identify targets of cancer. To this end, the most important 
issue is to elucidate the factors involved in the development 
of each type of cancer.24

Hypopharyngeal cancer is one of the most frequent head 
and neck cancers and has been shown to have a direct im-
pact on the patients’ quality of life, such as causing difficul-
ties with swallowing and phonation. It is associated with 
a poor prognosis, and there is an essential need to improve 
therapeutic effects and to reduce unwanted side effects.1,25

To improve the therapeutic effects of treatments for malig-
nant tumors, it is necessary to first understand the character-
istics of the carcinoma and to take measures against the fac-
tors. Various studies have been conducted on head and neck 
cancer, and based on the results, attempts have been made 
to predict the prognosis and select the optimal treatment.26

In head and neck cancers, clinical findings like tumor 
size and cervical lymph node metastasis have been stud-
ied as predictors of the prognosis.27 In addition to these 
clinical prognostic factors, studies on new biomarkers, 
like human papillomavirus infection or EGFR expression, 
have progressed in recent years. Currently, these factors 
are used to help predict the prognosis and are considered 
to be actual therapeutic targets.13,28

CD147 is known to be associated with prognosis in vari-
ous malignant tumors. Targeting CD147 has been shown 
to be effective, and has great significance in clinical prac-
tice.29 In  this study, we  found that CD147 expression 
in hypopharyngeal carcinoma was related to the progno-
sis. These results suggest that CD147 may be an efficient 
therapeutic target in hypopharyngeal cancer.

While CD147 clearly affects the prognosis, in order to ap-
ply these findings to the development of therapeutic meth-
ods, it is necessary to elucidate the mechanisms that pro-
mote tumor progression. Originally, CD147 was reported 
as an  inducer of MMPs during physiological functions 
such as wound healing, but this action has also been shown 
to play an important role in cancer progression.30 In cancer, 
it is well-established that CD147 is involved in invasion and 
metastasis mainly by MMP-mediated ECM and basement 
membrane degradation. It also regulates cell proliferation, 
drug resistance and epithelial-to-mesenchymal transition 
in many carcinomas, including head and neck cancer.9,21

The MMPs, a  family of  zinc-dependent proteinases, 
are capable of degrading a variety of ECM components 
and have various physiological functions in normal tis-
sues.30 Furthermore, the degradation of ECM components 
by MMPs is a determining step in tumor cell invasion 
and metastasis.31 In particular, MMP-2 and -9 (gelatinase 
A and B) are able to degrade type IV collagen in the base-
ment membrane to promote tumor progression.23,32 It has 
been reported that MMP-9 is involved in the cell invasion 

of  hypopharyngeal carcinoma.33 Therefore, the  result 
of the present study showing the involvement of MMP-9 
expression in hypopharyngeal cancer cells is important for 
elucidating the key factors that regulate hypopharyngeal 
cancer progression.

Intracellular signal transduction is very important for 
normal cell functions, and understanding these pathways 
is  indispensable for elucidating the behavior of cancer 
cells.34 To date, key signaling pathways have been identi-
fied in various carcinomas,35 and the therapeutic effects 
of targeting them have been reported.36 Signal transduc-
tion pathways in head and neck cancers have also been 
elucidated, and the therapeutic effects of targeting them 
have been shown.37 However, there is  limited research 
on hypopharyngeal cancer. In this study, certain signal-
ing pathways, including MEK, were suggested as signals 
activated by CD147 in a hypopharyngeal cell line.

MEK is a key factor in the Ras/Raf/MEK/ERK (MAPK) 
signaling pathway. This MAPK cascade forms a complex 
signaling network that controls a wide variety of cellular 
processes, such as cell proliferation, growth, differentia-
tion, transformation, and apoptosis.38 Dysregulation of key 
mediators of  the  MAPK pathway has been implicated 
as a driver of tumorigenesis and contributes to the ability 
of cancer cells to be independent of mitogen signals, pro-
duce growth factors, avoid apoptosis, acquire a sensitivity 
to antiproliferative signals, metastasize, and gain angiogenic 
potential.39 Much effort has been directed toward the devel-
opment of inhibitors of this pathway, assuming that muta-
tions in the MAPK pathway contribute to tumor-promot-
ing processes.38 Among them, MEK has been shown to be 
a potential therapeutic target for some solid cancers, such 
as prostate cancer, and inhibitors are being developed.40

Conclusions

In  summary, studies using clinical specimens have 
shown that CD147 expression in  hypopharyngeal car-
cinoma is a predictor of a poor prognosis. In this study, 
CD147 expression in hypopharyngeal cancer cells was 
stimulated using CypA, a CD147 ligand. As a result, it was 
confirmed that cell invasion ability, MMP-9 expression 
and phosphorylated MEK levels were enhanced in hypo-
pharyngeal cancer cells. In addition, cell infiltration and 
the enhancement of MMP-9 expression induced by CD147 
were abolished by a MEK inhibitor.

Clinical studies suggest that CD147 may be associated 
with short OS in hypopharyngeal carcinoma patients. 
However, the number of patients analyzed in this study was 
small. Further studies of the prognostic impact of CD147 
should be performed with a larger sample size. However, 
the in vitro results indicate that the CD147-induced MEK-
mediated intracellular signaling pathway plays an impor-
tant role in tumor progression in hypopharyngeal carci-
noma, and inhibition of these factors may help to control 
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hypopharyngeal tumor progression and improve the prog-
nosis. Further studies on CD147 and MEK signaling path-
ways are expected in the future.
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Abstract
Background. Micro-invasive glaucoma surgery (MIGS) and MIGS devices have been gaining increasing 
attention in recent years. One such device is the trabecular micro-bypass stent, or iStent® (Glaukos Corpora-
tion, Laguna Hills, USA).

Objectives. To evaluate the safety and efficacy of the minimally invasive ab interno surgical implantation 
of a trabecular bypass during cataract surgery in reducing intraocular pressure (IOP) in patients with mild 
and moderate open-angle glaucoma and cataracts.

Material and methods. The study was a prospective, uncontrolled, interventional case series (a prospective 
study of a case series), including 54 patients with a mean age of 72 years. All subjects underwent ab interno 
implantation of a single iStent together with cataract surgery. The corrected distance visual acuity (CDVA), 
IOP, anti-glaucoma medications, visual field, and number and type of complications were investigated after 
surgery. The patients were followed up at 1, 7, and 30 days, and 3, 6, 12, 24 and 36 months after the operation.

Results. The mean observation time was 20 months. At baseline, CDVA was 0.5 or better in 65% of the eyes; 
this improved to 0.5 or better in all eyes (0.8 or better in 79%) at the end of the observation. The mean 
baseline IOP was 17.1 mm Hg, which fell to a mean of 15.1 mm Hg. The mean number of medicinal eye drops 
prescribed preoperatively was 1.7, which decreased to 0.26 at the end of the observation.

Conclusions. Cataract surgery combined with iStent implantation seems to be an effective procedure in pa-
tients with mild to moderate open-angle glaucoma and cataracts. The insertion of 1 stent resulted in a sig-
nificant decrease in IOP and a reduction in the number of topical anti-glaucoma medications needed. Based 
on the characteristics of the observed complications, iStent implantation can be considered a safe method.

Key words: open-angle primary glaucoma, micro-invasive glaucoma surgery, iStent®
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Introduction

Glaucoma is the second most common cause of blind-
ness in the world and one of the major causes in Europe. 
It is a group of diseases that share a common feature: progres-
sive damage to the optic nerve and related visual field defects. 
The main risk factor for the development of glaucoma neu-
ropathy is elevated intraocular pressure (IOP). Reducing this 
pressure is still the only proven method of treating glaucoma.1

A common treatment of  newly diagnosed mild to 
moderate open angle glaucoma (OAG) begins with local 
antihypertensive therapy, though laser trabeculoplasty 
is an alternative. The traditional approach to glaucoma 
treatment to date involves the use of surgical techniques 
as the ultimate therapeutic method. With the use of fil-
tration procedures, which are the most common meth-
ods, obtaining good pressure control is associated with 
the risk of numerous intra- and postoperative complica-
tions. In addition, the use of anti-metabolites increases 
the risk of complications such as hypotension, leakage, 
filter bubble infection, and endophthalmitis.2

A better understanding of the pathophysiology of glau-
coma, especially aqueous humor outflow pathways, has 
resulted in newer treatments. Starting from ab externo 
procedures, such as trabeculectomy or viscocanalostomy, 
through canoplasty, a group of ab interno treatments has 
been created, resulting in minimal trauma to the target 
tissue without affecting the  anatomical structures and 
physiology of the eye, less invasiveness, good efficiency, and 
a high safety profile.3 A common term for these procedures 
is  micro-invasive glaucoma surgery (MIGS).4 The MIGS uses 
different types of implants. One of the first stents to be placed 
in the Schlemm’s canal was the iStent® microstent (Glaukos 
Corporation, Laguna Hills, USA). This is one of the smallest 
medical implants ever used in humans. Many prospective 
multicenter clinical trials have shown that the iStent® safely 
and effectively reduces IOP while reducing or eliminating 
the need for antihypertensive drugs. The data shows that 
the implantation of a single iStent in conjunction with a cata-
ract surgery significantly reduces IOP for up to 5 years after 
surgery in patients with glaucoma and cataracts.5–11

To investigate the potential usefulness of the micro-
stent as a therapy in patients with early and intermedi-
ate glaucoma and cataracts, we conducted a prospective 
case series study assessing the efficacy and safety of a sin-
gle iStent implant in  surgery combined with cataract 
phacoemulsification.

Material and methods

Patients and study protocol

A prospective single-center study was conducted in-
which patients with primary open-angle glaucoma and 
cataracts were enrolled. The study protocol was in line with 

the principles of the Declaration of Helsinki and was ap-
proved by the Bioethics Committee at the Military Medical 
Institute (Warszawa, Poland). Prior to recruitment, legally 
binding, informed consent was obtained from each patient 
for Glaukos iStent implantation and cataract surgery.

The inclusion criteria were an IOP ≤ 31 mm Hg; the use 
of up to 4 antihypertensive drugs; open angle confirmed with 
gonioscopy; and mild (mean deviation (MD) from 0 to −6.0 
dB) or moderate (MD from −6.0 to −12 dB) defects in the field 
of view confirmed using the ZEISS Humphrey Field Ana-
lyzer (Carl Zeiss AG, Jena, Germany) with the SITA Standard 
24-2 program (Ophthalmological Clinic Military Institute 
of Medicine, Warszawa, Poland). Other inclusion criteria 
included a pre-operative best-corrected visual acuity (BCVA) 
of 20/200 or better, and the willingness to attend follow-up 
appointments for the duration of the study, i.e., 12 months.

The key exclusion criteria were forms of glaucoma other 
than primary open-angle glaucoma and pseudoexfolia-
tive glaucoma; evidence of serious eye diseases other than 
glaucoma and senile cataracts, such as proliferative dia-
betic retinopathy, corneal diseases (e.g., Fuchs dystrophy), 
age-related macular degeneration – the dry or exudative 
form; a narrow angle of filtration; previous anti-glaucoma 
treatment (trabeculoplasty, trabeculectomy, filtration, cy-
clocoablation, etc.); previous surgery not caused by glau-
coma or cataracts, except for ophthalmic procedures; glau-
coma defects in the field of view with an MD < −12 dB, 
as confirmed with a Humphrey field analyzer; and the use 
of more than 4 anti-glaucoma drugs.

iStent and surgical technique

An iStent® is a one-piece, L-shaped, heparin-coated tita-
nium implant smaller than 1 mm and approx. 0.3 mm high. 
The iStent microfistula is inserted through a small incision 
in the transparent part of the cornea. It is used to drain 
the  aqueous humor directly into the  Schlemm’s canal. 
The stent is introduced ab interno into the Schlemm’s ca-
nal using a spring mechanism with a diameter of 27 G. One 
or more implants can be inserted into the corner on the na-
sal side. When the fistula is in place, a small blood reflux may 
occur, usually self-limiting in nature. The iStent implanta-
tion does not bypass the physiological outflow pathway, but 
supports it in the hope of achieving an acceptable IOP level 
and reducing or eliminating the use of anti-glaucoma drugs.

The surgical procedure was performed under local an-
esthesia with 2% xylocaine. After cataract removal and 
the creation of an artificial intraocular posterior chamber 
with phacoemulsification (facochop), the implantation of 
iStent began. The right stent was used in the right eyes and 
the left stent was used in the left eyes. The patient’s eyes 
were positioned nasally, and the microscope was turned 30° 
from the surgeon. A viscoelastic agent was administered 
into the anterior chamber for visibility. Through the exist-
ing temple opening in the corneal limbus, the iStent was 
introduced into the trabecular mesh at an angle of 20° and 
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moved deeper. A spring injector was used for stent implanta-
tion, while a Swan–Jacobs gonioscope was used to visualize 
the angle of filtration. The “impact” of the stent on the tip 
of the injector from back to front confirmed the correct 
placement of the microimplant. After the applicator was 
withdrawn, the remaining viscoelastic agent was removed 
by  irrigation and aspiration. The anterior chamber was 
sealed with saline solution and intraocular pressure was 
controlled to complete the surgery. All procedures were 
performed by the same surgeon (MR) in the Department 
of Ophthalmology of the Military Institute of Medicine.

Postoperative management

The  patients used antibiotic and anti-inflammatory 
eye drops for 4 weeks. Postoperative check-ups took place 
on day 1, 7 and 30, and after 3, 6, 12, 24, and 36 months. 
At each examination, the BCVA was assessed with Snellen 
chart, IOP was measured with a Goldmann applanation 
tonometer, and the anterior segment and the fundus was 
examined in the slit lamp. The gonioscopic angle was also 
assessed (except for the 1st day after surgery). At the 12- 
and 24-month follow-up, the field of view was taken us-
ing a Humphrey apparatus with the SITA Standard 24-2 
program. An important parameter evaluated in the study 
was the number of anti-glaucoma drugs used. Additional 
information collected throughout the study was related 
to treatment and/or study-related adverse effects.

Statistical analysis

The effectiveness of the procedures used in the study 
was analyzed on the basis of all available data from IOP 
measurements and the number of local antihypertensive 
drugs. A total IOP reduction to ≤15 mm Hg was consid-
ered independent of treatment, while a reduction in IOP 
to ≤18 mm Hg indicated a “partial success.”

For the continuous variables, 2 mock tests were used 
to assess differences between the groups. Fisher’s exact 
test was used to  compare categorical results between 
the groups. To assess the effect of time and intervention 
on the measured parameters, linear mixed models with ran-
dom constant expression were built for the patient. Model 
coefficients are reported with a 95% confidence interval 
(95% CI) and p-value; the level of the latter of 0.05 was 
considered statistically significant. All analyses were per-
formed using the Statistical Analysis System (SAS) statisti-
cal software package v. 9.1.3. (SAS Institute Inc., Cary, USA).

Results

Demographics

The study involved 54 eyes of 52 patients. The study 
group included 38 women and 14 men with a mean age 

of  72  years (standard deviation (SD)  =  8  years). Most 
of the eyes (94%; n = 51) had primary open-angle glaucoma; 
6% (n = 3) had pseudoexfoliative glaucoma. Two patients 
had both eyes enrolled in the study. The mean follow-up 
period was 20 months (SD = 10). A total of 44 eyes were 
observed for 12 months, observation of 32 eyes was com-
pleted within 24 months, and observation of 10 eyes was 
extended to 36 months. Demographic data and descriptive 
characteristics are presented in Table 1.

Intraocular pressure and medications

The baseline mean intraocular pressure was 17.1 ±3.5 
mm Hg. The last study showed a decrease in IOP to mean 
values of 15.7 ±2.2 mm Hg; similar results were found after 
12 months (Fig. 1).

A reduction in  IOP to a value ≤15 mm Hg occurred 
in  43% of  the  eyes (compared to  26% before surgery) 
and ≤18 mm Hg in 94% (compared with 63% before sur-
gery; Fig. 2).

Table 1. Demographics and preoperative variables

Variable Value

Total 54 eyes of 52 patients

Age [years] 72 (8)

Gender (F/M) 38/14

Race – Caucasian 100% (n = 54)

Type of glaucoma
primary open-angle glaucoma
pseudoexfoliative glaucoma

94% (n = 51)
6% (n = 3)

Preoperative visual field (MD) [dB], mean (SD) −4.8 (3.9)

Preoperative visual field (PSD) [dB], mean (SD) 3.7 (2.5)

Preoperative S/D ratio, mean (SD) 0.6 (0.2)

Preoperative medicated IOP [mm Hg], mean (SD) 17.1 (3.5)

Preoperative anti-glaucoma medications, 
mean (SD)

1.7 (0.9)

Preoperative BCVA
20/25 or better
20/40 or better

17% (n = 9)
65% (n = 35)

BCVA – best-corrected visual acuity; MD – mean deviation; SD – standard 
deviation.

Fig. 1. Mean IOP at time intervals
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The average number of drugs used before surgery was 
1.7  ±0.9. Drug consumption decreased significantly. 
In a recent study, 74% of patients were able to eliminate 
topical medications, compared to 49% of patients on 2 
or more drugs in their preoperative examinations (Fig. 3). 
After 12 months, 70% of patients had achieved a reduc-
tion in IOP, 90% had reduced the number of drugs, and 
98% had reduced IOP and/or drug use (Fig. 4). At the end 
of the follow-up period, 66% of patients had lower IOP 
than before surgery, 85% had reduced their use of anti-
hypertensive eye drops, and 94% of patients had achieved 
a reduction in IOP and/or a reduction in drug use.

Safety

In no case did the visual acuity deteriorate. In the whole 
study group at the end of observations, BCVA was 20/40; 
in 79% of cases, BCVA had reached 20/25 (Fig. 5).

There were no significant complications after cataract 
phacoemulsification surgery with iStent implantation. One 
patient had a subconjunctival hemorrhage on the 1st day 
after surgery, in 5 eyes there were erythrocytes in the an-
terior chamber, and in 1 eye a corneal edema associated 
with an increase in IOP was revealed. All symptoms re-
solved completely within 7 days. One patient developed 
viral keratitis 1 week after surgery. Topical treatment was 
applied and the condition healed during the 1st month. 
The final visual acuity in this patient was 20/20. Table 2 
presents the postoperative complications. Most compli-
cations occurred in the postoperative period and did not 
differ significantly from those after phacoemulsification 
of cataracts alone.

Discussion

Micro-invasive glaucoma surgery covers 3 anatomical 
areas: Schlemm’s canal, the suprachoroidal and subcon-
junctival spaces.4 Because 80% of  the  aqueous humor 
drains through the conventional route, methods have 
been sought for decades to improve the outflow of aque-
ous humor using trabecular formulations. Ab externo 

Fig. 5. Preoperative and last reported BCVAFig. 4. IOP and medication reduction

Fig. 3. Proportional analyses 
of medication use

Fig. 2. Proportional analyses of IOP

Table 2. Postoperative complications

Complications n (%)

Conjunctival hemorrhage 1 (1.8)

Temporary increase of IOP 1 (1.8)

Single erythrocytes in anterior chamber 5 (9.2)

Corneal erosion 4 (7.4)

Viral keratitis 1 (1.8)
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trabeculotomy was one such method,12,13 used for the first 
time in adults by Tanihara et al.14 It was discovered that 
greater efficiency can be obtained by introducing a non-
absorbable thread with prolenol into the Schlemm’s canal, 
stretching its walls. The use of microimplants in MIGS 
implanted into the Schlemm’s canal was another step 
in the quest to develop an effective, less invasive method. 
Performing surgery with an ab interno approach does not 
cause damage to eye tissues such as the conjunctiva and 
the sclera.

Samuelson et al. described the use of a single iStent 
in a surgery combined with phacoemulsification of cata-
racts.11 In our report, the patients who had undergone stent 
implantation had a reduction in IOP of 66% and the average 
number of antihypertensive drugs decreased. The results 
of our study are in line with previous reports on the effec-
tiveness of using iStents to reduce IOP and topical drug use, 
as well as those regarding the high safety profile of the im-
plant.5–11 The results show that more than 90% of patients 
experienced a reduction in IOP, a reduction in the number 
of drugs used or a reduction in both.

The Early Manifest Glaucoma Trial reported that the risk 
of glaucoma progression is reduced by 10% with every mil-
limeter of mercury reduced from baseline IOP.15 Slowing 
or arresting disease progression is the goal of glaucoma 
treatment, and as stated in the Early Manifest Glaucoma 
Trial analysis, even small decreases in IOP are clinically 
relevant. In our study, the average decrease in IOP was 
2 mm Hg 6 months after surgery, with a sustained re-
duction for 12 months after surgery. Moreover, in about 
50% of the eyes (n = 32), the follow-up time was extended 
to 2 years, and the IOP was <16 mm Hg. Because only 3 pa-
tients had pseudoexfoliative glaucoma, we did not further 
investigate the results by type of glaucoma. This could 
constitute a topic for further research. In addition, follow-
up of all patients is being continued for 3 years to allow 
future coherent cohort analysis with long-term follow-up.

Our study has several limitations. The study was an open 
and non-randomized case series study. Baseline IOP 
without wash-out was analyzed. In their work, Ferguson 
et al.16 noticed a correlation between preoperative IOP 
and the degree of IOP reduction observed 2 years after 
surgery. Patients with higher preoperative IOP achieved 
a significantly greater average reduction in IOP; in eyes 
with a preoperative IOP of 26 mm Hg or more, an average 
reduction of 11.28 mm Hg was obtained. Our study was 
a prospective study showing the results in reducing both 
IOP and the use of anti-glaucoma drugs at each time point. 
In addition, all the procedures were performed by 1 sur-
geon (MR) in 1 center.

The  use of  the  iStent reduced the  average number 
of drugs needed to control IOP in patients with open-angle 
glaucoma. Postoperatively, the average decrease in local 
anti-glaucoma drugs within the first 2 years after surgery 
was 1.3 fewer drugs; 74% eliminated the need for antihyper-
tensive agents completely. These data are consistent with 

the results of other studies, in which the number of anti-
glaucoma eye drops used after cataract surgery with iStent 
implantation was monitored.4,11,17 Non-compliance with 
medical recommendations and a lack of regularity in tak-
ing anti-glaucoma drugs is still a serious problem, which 
may be responsible for nearly 10% of vision loss.18 There-
fore, the goal of surgical treatment is not only a reduction 
in IOP, but also the elimination of the need for topical 
drugs that, when used chronically, have an adverse effect 
on the surface of the eyeball and reduce the effectiveness 
of filtration operations.

Micro-invasive procedures using ministents have a high 
safety profile.5–11 There are no complications like those 
following fistula follicle operations: hypotension, excessive 
filtration, infection, or early follicular overgrowth. Early 
undesirable symptoms after cataract surgery with iStent 
implantation are similar to those after cataract surgery 
alone. In our study, symptoms such as corneal erosion, 
conjunctival hemorrhage and erythrocytes in the ante-
rior chamber disappeared within the first week. In ad-
dition, the rehabilitation time was significantly shorter 
compared to filtration procedures and there was no need 
for additional procedures such as administering subcon-
junctival metabolites, suture lysis or needling. The sur-
face of the eyeball was not affected during the procedure, 
thanks to  which there is  still an  unlimited possibility 
to conduct more invasive anti-glaucoma procedures.

Conclusions

The results of our study of cataract surgery combined 
with single iStent implantation in patients with primary 
open-angle glaucoma or pseudoexfoliative glaucoma sug-
gest that this is an effective procedure. The implantation 
of the ministent caused a permanent decrease in intra-
ocular pressure as well as in the number of topical anti-
glaucoma drugs. Based on the types of complications ob-
served within the first 3 years, this surgical technique can 
be considered a safe method.
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Abstract
Background. The radiosensitivity of colon cancer cells can be regulated by noncoding RNAs.

Objectives. In this study, the lncRNA antisense non-coding RNA in the INK4 locus (ANRIL) was selected 
to analyze its regulatory role in chitooligosaccharides (COS)-related radiosensitivity in colon cancer cells.

Material and methods. The ANRIL expression in colon cancer cell lines was examined using real-time 
quantitative polymerase chain reaction (RT-qPCR), based on which we selected the cell line that presented 
the highest expression of ANRIL for radiosensitivity research. The cells were exposed to X-rays (0 Gy, 2 Gy, 
4 Gy, and 6 Gy) and evaluated for changes in ANRIL and miR-181a-5p expression using RT-qPCR. Cell vi-
ability was evaluated using the CCK8 method, while apoptosis was detected with flow cytometry assays. 
Dual luciferase assays validated the binding between ANRIL and miR-181a-5p. The cell survival rates after 
differential COS treatments (0 mg/mL, 1.0 mg/mL, 2.0 mg/mL, 3.0 mg/mL, 4.0 mg/mL, and 5.0 mg/mL) 
were rated using CCK8 assay. The cells with the strongest dosage of COS (5.0 mg/mL) were selected to further 
investigate the role of ANRIL/miR-181a-5p in modulating the radiosensitivity observed with CCK-8 and flow 
cytometry assays.

Results. The ANRIL was highly expressed in colon cancer cells lines, especially in the SW480 cell line. Irradia-
tion significantly decreased cell viability and ANRIL expression in a dose-dependent manner. The overexpres-
sion of ANRIL reduced the cell apoptosis rate after irradiation. MiR-181a-5p directly bound to ANRIL and was 
upregulated by irradiation in a dose-dependent manner. The suppression of miR-181a-5p decreased cell 
apoptosis. The COS treatment notably downregulated cell survival and promoted apoptosis in cells exposed 
to irradiation. The overexpression of ANRIL partially reversed COS-induced apoptosis and the inhibition rate; 
the upregulation of miR-181a-5p could counteract the impact of ANRIL regulation in cells.

Conclusions. The ANRIL negatively regulated radiosensitivity induced by COS in colon cancer cells by spong-
ing miR-181a-5p.

Key words: colon cancer, lncRNA ANRIL, chitooligosaccharides, miR-181a-5p
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Introduction

Colon cancer has been reported as one of the most com-
mon malignant tumors of the digestive system, with high 
morbidity and death rates which account for about 10% 
of cancer-related deaths.1 Globally, colon cancer ranks 
as the 2nd most common cause of death in cancers.2 Though 
the overall incidence rate of colon cancer is falling in many 
high-income countries, the morbidity of this cancer is in-
creasing in adults under the age of 50 based on analyses 
in countries like the USA, Australia and Canada.3

In China, colon cancer has already become the 4th lead-
ing cause of death among all kinds of malignant tumors, 
with about 140,000 cases confirmed per year.4 Although 
surgery is the first choice, radiotherapy and chemotherapy 
are also important methods for blocking the progression 
of colon cancer. Furthermore, patients with local recur-
rence are often treated with radiotherapy, which can attack 
cancer cells by ionizing radiation.5 Nevertheless, ionizing 
radiation results in nearly identical damage to normal cells 
as cancer cells. In addition, radiotherapy also leads to cell 
toxicity, cancer cell resistance and immunosuppression.6 
Hence, the dosage of irradiation should be kept beneath 
treatment levels in order to protect adjacent healthy tis-
sues.7 Therefore, radiation sensitizers are a great help for 
radiotherapy in cancer patients. Chitooligosaccharides 
(COS) have been reported to be an anticancer factor, which 
can also raise the radiosensitivity of colon cancer.8 How-
ever, the mechanism of COS in mediating the radiosentiv-
ity of colon cancer is unclear. Therefore, functions of COS 
at the molecular level were explored in this study.

Recent studies have proven that noncoding RNAs play 
important roles in regulating the occurrence and pro-
gression of tumors. Among these noncoding RNAs, long 
noncoding RNAs (lncRNAs) have over 200 nucleotides 
that can encode the expression of genes without protein-
coding abilities. miRNAs are endogenous, small noncoding 
RNAs with 19–22 nucleotides that can negatively regulate 
target gene expression by binding to mRNAs or suppress-
ing their translation.9 According to previous discoveries, 
the lncRNA antisense non-coding RNA in the INK4 locus 
(ANRIL), the antisense RNA1 of CDKN2B, is highly ex-
pressed in colon cancer tissues and cell lines.10,11 Though 
the radiosensitivity of ANRIL has been mentioned in na-
sopharyngeal carcinoma,12 its role in regulating radio-
sensitivity in colon cancer has seldom been investigated. 
On the other hand, miR-181a-5p was found to be downreg-
ulated in colon cancer and it negatively regulated MMP-14 
to  inhibit the migration and invasion of cancer cells.13 
Additionally, miR-181a-5p suppressed tumor growth 
in vivo and promoted apoptosis of colon cancer by bind-
ing to CCAT.14 Therefore, miR-181a is known as a tumor 
suppressor. In addition, ANRIL was discovered in previ-
ous research to sponge miR-181a, facilitating proliferation 
and epithelial–mesenchymal transformation in laryngeal 
squamous cell carcinoma.15 Therefore, we hypothesized 

that ANRIL and miR-181a-5p might play a part in medi-
ating COS-induced radiosensitivity in colon cancer cells. 
The aim of this study was to explore the roles of ANRIL 
and miR-181a-5p in regulating the radiosensitivity of colon 
cancer cells.

Material and methods

Cell culture

Human colonic epithelial cell line NCM460 and colon 
cancer cell lines SW480, SW620 and HCT116 were all ac-
quired from American Type Culture Collection (ATCC; 
Manassas, USA). The cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) (Gibco, Waltham, USA) 
containing 10% fetal bovine serum (FBS), 100 U/mL of pen-
icillin and 100 mg/mL of streptomycin at 37°C with 5% 
CO2. Cells in the log phase were selected for examination.

Cell transfection

The cell line SW480 was selected for further study be-
cause it showed the highest expression of ANRIL among 
the cell lines. The overexpressed ANRIL plasmid was syn-
thesized with respect to pcDNA 3.1 vector (Invitrogen, 
Carlsbad, USA). In brief, the ANRIL lncRNA sequence was 
cloned into a pcDNA 3.1 vector, forming the overexpressed 
ANRIL plasmid (oeANRIL), while the empty pcDNA3.1 
vector (oeNC) served as a negative control (NC). The cells 
were upregulated through transfection of the oeANRIL 
plasmid, with oeNC as  its control. The  upregulation 
of miR-181a-5p was achieved after the cells were transfected 
with miR-181a-5p plasmid mimics, while the negative con-
trol group was transfected with the NC plasmid mimics 
(Thermo Fisher Scientific, Waltham, USA). The miR-181a-
5p inhibitor and inhibitor NC plasmids were purchased 
from Thermo Fisher. Lipofectamine™ 3000 Transfection 
Reagent (Invitrogen) was used during the  transfection 
assays. In addition to the oeNC, oeANRIL, NC mimics, 
miR-181a-5p mimics, NC inhibitor, and miR-181a-5p 
inhibitor groups, a combined group was also generated 
through transfection using Lipofectamine™ 3000 Trans-
fection Reagent (Invitrogen). This combined group was 
transfected with oeANRIL and miR-181a-5p mimics. 
To  simplify, we  named it  the  oeANRIL+miR-181a-5p 
mimic in this study. All the groups were examined with 
real-time quantitative polymerase chain reaction (RT-
qPCR) for expression of ANRIL or miR-181a-5p.

RT-qPCR

Beyozol (Beyotime, Shanghai, China) was applied to ex-
tract total RNA from the incubated NCM460, SW480, 
SW620, and HCT116 cells. cDNA was then created through 
reverse transcription of RNA and utilized as templates for 
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amplification through PCR. The following conditions were 
used in the RT-qPCR: pre-denaturation for 5 min at 95°C, 
followed by 35 cycles of denaturation for 30 s at 95°C, an-
nealing for 30 s at 60°C, and extension for 30 s at 72°C. 
The sequences of primers were as follows: ANRIL for-
ward, 5’-GGGCCTCAGTGGCACATACC-3’ and reverse, 
5’-TGCTCTATCCGCCAATCAGG-3’16; miR-181a-5p, 
forward, 5’-CCGCGAACATTCAACGCTGTCG-3’ and 
reverse, 5’-ATCCAGTGCAGGGTCCGAGG-3’17; GAPDH, 
forward, 5’-CCACATCGCTCAGACACCAT-3’ and re-
verse, 5’-ACCAGGCGCCCAATACG-3’16 and U6, forward, 
5’-CAAATTCGTGAAGCGTTCCATAT-3’ and reverse, 
5’-GCTTCACGAATTTGCGTGTCATCCTTGC-3’.17 
The relative expressions of ANRIL and miR-181a-5p were 
quantified using the 2−ΔΔCt method, normalized to GAPDH 
and U6.

CCK-8

Normal SW480 cells and SW480 cells transfected 
with oeNC, oeANRIL and a mixture of oeANRIL and 
miR-181a-5p mimics were seeded into a  96-well plate 
at a density of 1 × 104 cells per well and incubated at 37°C 
with 5% CO2. Later, normal SW480 cells were divided 
into groups and treated with COS (0 mg/mL, 1.0 mg/mL, 
2.0 mg/mL, 3.0 mg/mL, 4.0 mg/mL, and 5.0 mg/mL) and 
SW480 transfected with oeNC, oeANRIL, and compounds 
of oeANRIL and miR-181a-5p mimics were grouped and 
treated by COS (5.0 mg/mL). A linear accelerator (Varian, 
Palo Alto, USA) was then used to irradiate normal SW480, 
transfected SW480, SW480+COS (5.0 mg/mL) and trans-
fected SW480+COS (5.0 mg/mL) at different dosages (0 Gy, 
2 Gy, 4 Gy, and 6 Gy). For cell proliferation detection, 10 μL 
of CCK-8 was added into wells at 24 h, 48 h and 72 h. 
 After the CCK-8 was added, the cells were kept incubating 
for another 2 h at 37°C. A Thermo Scientific Varioskan™ 
LUX Microplate Reader (Thermo Fisher Scientific) then 
was performed to check the optical density (OD) values 
at a wavelength of 450 nm. As for toxicity, 10 μL of CCK-8 
was mixed after the SW480 cells were treated with COS 
for 72 h. The cells were also incubated for another 2 h and 
the OD values were checked at a wavelength of 570 nm 
with a Varioskan™ LUX Microplate Reader.

Apoptosis

Normal SW480 cells and the cell groups after transfec-
tion were seeded into a six-well plate with 1 × 106 cells per 
well. Then, SW480 cells in normal condition and SW480 
cells transfected with oeNC, oeANRIL and oeANRIL 
with miR-181a-5p mimics were treated with 5.0 mg/mL 
of COS. Next, different doses of X-rays (0 Gy, 2 Gy, 4 Gy, 
and 6 Gy) were used to irradiate normal SW480 and trans-
fected SW480 cells. An Annexin V-FITC Apoptosis Detec-
tion Kit (Beyotime) was used to check for apoptosis. Cells 
 after irradiation were stained with Annexin V and PI, and 

incubated for 15 h without light. The relative apoptosis 
rate was detected with a BD Biosciences FACSCalibur flow 
cytometer (Becton Dickinson, Franklin Lakes, USA).

Dual luciferase report assay

The online tool Starbase (http://starbase.sysu.edu.cn) 
was used to predict the potential target genes of ANRIL. 
Then, wild-type and mutant-type ANRIL containing 
miR-181a-5p binding sites were inserted into pGLO plas-
mids (Bio-Rad, Hercules, USA); the recombinant plasmids 
were named pGLO-ANRIL-wt and pGLO-ANRIL-mut. 
Then, NC mimics and miR-181a-5p mimics were co-trans-
fected with pGLO-ANRIL-wt or pGLO-ANRIL-mut into 
the SW480 cells using Lipofectamine™ 3000. A GloMax® 
Discover Microplate Reader (Promega, Madison, USA) was 
used to detect luciferase activity.

Statistical analysis

All data is presented as  mean  ±  standard deviation 
(SD) and was analyzed in GraphPad Prism 7 (GraphPad 
Software, La Jolla, USA). Each experiment was repeated 
3 times. Comparisons among the groups were processed 
with Student’s t-test and one-way analysis of  variance 
(ANOVA).

Results

The ANRIL was highly expressed in the colon cancer 
cells and upregulating it resulted in less apoptosis.

In order to confirm the role of ANRIL, RT-qPCR was 
first done to analyze the expression of ANRIL. We found 
that ANRIL expression was much higher in the colon can-
cer cell lines than in the normal NCM460 cell line. More-
over, the SW480 cell line displayed the highest ANRIL 
expression (Fig. 1A). Therefore, the SW480 cell line was 
selected for subsequent experiments. The cell viability 
of SW480 cell groups with radiation treatment at different 
dosages was determined, revealing that cell viability was 
significantly decreased in a dose-dependent manner after 
irradiation (Fig. 1B). Meanwhile, ANRIL expression was 
significantly inhibited as the radiation dosage increased 
(Fig. 1C). Overexpression of ANRIL was achieved with 
transfection assay. The RT-qPCR results indicated sig-
nificantly upregulated expression of ANRIL in the SW480 
cells transfected with the oeANRIL plasmid (Fig. 1D). 
Moreover, the apoptosis rate notably declined in compari-
son with the negative control group after irradiation when 
ANRIL was upregulated (Fig. 1E, Supplement 1).

MiR-181a-5p was a target of ANRIL in colon cancer cells 
and the inhibition of miR-181a-5p suppressed the radio-
sensitivity of the cells.

Using an online bioinformatics tool, putative binding sites 
between miR-181a-5p and ANRIL were displayed (Fig. 2A). 
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Dual luciferase reporter assay was used for verification 
at the binding sites. It was found that the combined group 
of miR-181a-5p mimics and wild-type ANRIL had signifi-
cantly low luciferase activity in comparison with the re-
maining groups, confirming that miR-181a-5p was targeted 
by ANRIL (Fig. 2B). Then, the expression of miR-181a-5p 
was examined when the cells were exposed to radiation; 
the results revealed that miR-181a-5p was significantly up-
regulated with increasing X-ray doses (Fig. 2C). Therefore, 
a transfection assay was conducted to suppress miR-181a-
5p in the SW480 cells (Fig. 2D). Apoptosis was also dramat-
ically reduced by inhibiting miR-181a-5p in cells. In gen-
eral, apoptosis rates were  elevated with increasing dosages 
of X-ray treatment (Fig. 2E, Supplement 2).

The  upregulation of  ANRIL inhibited COS-induced 
radiosensitivity in  colon cancer cells by  targeting 
miR-181a-5p.

The cell toxicity of COS in the SW480 cells was checked 
and the results showed that the survival rate significantly 
decreased as the concentration of COS increased (Fig. 3A). 
The SW480 cells treated with 5.0 mg/mL of COS were 
chosen for the following analysis. The cells with or with-
out 5.0 mg/mL COS treatment underwent different ir-
radiation and were then examined using flow cytometry 

for apoptosis; it was found that COS treatment induced 
more apoptosis and led to higher sensitivity to higher dos-
ages of X-ray exposure (Fig. 3B, Supplement 3). The func-
tions of ANRIL and miR-181a-5p in modulating COS 
were also investigated. Upregulated ANRIL significantly 
downregulated the cell inhibition rate, while miR-181a-5p 
mimics partially counteracted this (Fig. 3C). Meanwhile, 
apoptosis inhibited by ANRIL upregulation was reversed 
by miR-181a-5p mimics dose-dependently to a certain 
degree (Fig. 3D, Supplement 4). As Fig. 3B depicts, COS 
induced apoptosis in  cells dose-dependently. Taking 
the results from Fig. 3D and Fig. 3B together, we decided 
that ANRIL could inhibit COS-induced apoptosis and 
deteriorate the radiosensitivity stimulated by COS by tar-
geting and suppressing miR-181a-5p.

Discussion

Though medical technology has developed with 
the rapid growth of economy, the risks of cancers have 
not been eliminated. The occurrence rate of colon can-
cer in China has risen by more than 2 times the inter-
national rate.18 Under such circumstances, it  is urgent 

Fig. 1. ANRIL expression was higher in colon cancer cells with downregulating radiosensitivity and apoptosis

A. RNA levels of ANRIL in SW480, SW620, HCT116, and NCM460 were assessed with RT-qPCR, with NCM460 group as a negative control group (* p < 0.1, 
** p < 0.05, *** p < 0.01); B. The cell viability of SW480 with X-ray irradiation (0 Gy, 2 Gy, 4 Gy, and 6 Gy) was evaluated using CCK-8, with 0 Gy group 
as a control group (* p < 0.1, ** p < 0.05, *** p < 0.01); C. The expression of ANRIL at X-ray dosages of 0 Gy, 2 Gy, 4 Gy, and 6 Gy was evaluated using RT-qPCR, 
with 0 Gy group as a control group (* p < 0.1, ** p < 0.05, *** p < 0.01); D. Overexpressed ANRIL expression was evaluated using RT-qPCR (** p < 0.05); 
E. SW480 cells after transfection with oeNC and oeANRIL plasmids were exposed to radiation (0 Gy, 2 Gy, 4 Gy, and 6 Gy) and then measured using flow 
cytometry for apoptosis rates. In the same irradiation groups, the oeANRIL group was compared to the oeNC group (* p < 0.1, ** p < 0.05, *** p < 0.01). 
In addition, the overexpressed groups were compared when they were exposed to different dosages of radiation, with 0 Gy as a negative control (* p < 0.1, 
** p < 0.05, *** p < 0.01). Each experiment was run in triplicate.
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to find efficient treatments for colon cancer. Radiotherapy 
is widely used in various stages of tumor treatment, which 
can shrink the tumor before surgery and remove residues 
after surgery to better prevent recurrence.19 However, 
radiotherapy also causes damage to normal cells, which 
places a burden on patients. Therefore, increasing the ra-
diosensitivity of tumor cells is a key issue in improving 
the effects of radiotherapy in cancer. This study aimed 
to explore the regulatory roles of the lncRNA ANRIL and 
miR-181a-5p in COS-induced radiosensitivity in colon can-
cer cells. In our study, we first selected the colon cancer 
cell lines SW480, SW620 and HCT116, and the normal 
colonic epithelial cell line NCM460 for ANRIL expres-
sion. The ANRIL has been found to be abnormally ex-
pressed in many kinds of cancers, such as gastric cancer, 
lung cancer, hepatocellular carcinoma, etc.20 In colon can-
cer, ANRIL was also reported to be an oncogene that can 

accelerate the progression of colon cancer.21 Therefore, 
we studied ANRIL and its regulation of radiosensitivity 
in colon cancer cells. The ANRIL expression was higher 
in colon cancer cell lines than in normal NCM460, and 
was significantly downregulated as radiation dosages in-
creased. The overexpression of ANRIL reduced the rate 
of apoptosis induced by COS and as the radiation dose 
increased, the reverse effect was more significant. There-
fore, ANRIL was primarily proven to block radiosensitivity 
in colon cancer cells.

As a potential target gene of ANRIL, miR-181a-5p was 
widely known as a tumor suppressor, including colon can-
cer.22,23 However, regulation of miR-181a-5p in radiosen-
sitivity in cancers was seldom mentioned before. In this 
study, miR-181a-5 was confirmed to have binding sites 
for ANRIL and it directly bound to wild-type ANRIL. 
Moreover, miR-181a-5p was significantly upregulated 

Fig. 2. miR-181a-5p was a target of ANRIL in colon cancer cells and the inhibition of miR-181a-5p suppressed the radiosensitivity of the cells 

A. Putative binding sites of miR-181a-5p and ANRIL were predicted using Starbase (http://starbase.sysu.edu.cn); B. Luciferase reporter assays were 
performed to verify the binding between ANRIL and miR-181a-5p (** p < 0.05); C. miR-181a-5p expression was measured using RT-qPCR in SW480 cells 
exposed to X-rays (0 Gy, 2 Gy, 4 Gy, and 6 Gy), with 0 Gy group as a negative control (* p < 0.1, ** p < 0.05, *** p < 0.01); D. miR-181a-5p expression was 
detected using RT-qPCR after the cells were transfected with negative control (NC) inhibitor and miR-181a-5p inhibitor plasmids (* p < 0.1, ** p < 0.05, 
*** p < 0.01); E. Apoptosis rates were validated using flow cytometry (* p < 0.1, ** p < 0.05, *** p < 0.01). In the groups exposed to the same X-ray dosage 
(NC inhibitor and miR-181a-5p inhibitor), the miR-181a-5p inhibitor group was compared to the NC inhibitor group, while in groups exposed to different 
dosages, we mainly compared the apoptosis rates in miR-181a-5p inhibitor groups with the 0-Gy treatment group as a control group (* p < 0.1, ** p < 0.05, 
*** p < 0.01). All experiments were carried out 3 times.
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by irradiation and upregulating miR-181a-5p partially al-
leviated the suppressive function of ANRIL against COS 
in apoptosis and radiosensitivity in colon cancer cells. 
Therefore, in  this in vitro model, we have proven that 
miR-181a-5p can serve as a biomarker that might contrib-
ute to radiosensitivity by reversing the functions of ANRIL 
in colon cancer cells.

The COS are of a chitinous substance which is reported 
to be an anti-tumor factor.24 In various cancers, COS are 
well-known as a radiation sensitizer which could help to de-
ter cell proliferation.25,26 The COS have been proven to pro-
mote radiosensitivity by accelerating cell apoptosis in colon 
cancer.8 However, the underlying molecular mechanisms 
of COS are rarely mentioned. We first measured the toxic-
ity of COS to SW480 cells, revealing that survival rates de-
creased significantly as concentrations of COS grew. More-
over, SW480 cells with COS treatment promoted apoptosis, 
compared to untreated cells after irradiation. Additionally, 
the reduced cell inhibition rate and apoptosis provoked 
by ANRIL upregulation can be restored by miR-181a-5p 

mimics after COS treatment. Taken together, we concluded 
that ANRIL upregulation could inhibit COS-induced ra-
diosensitivity by targeting miR-181a-5p.

Conclusions

The  lncRNA ANRIL was highly expressed in  colon 
cancer cells and suppressed radiosensitivity by binding 
to miR-181a-5p and reversing the functions of COS, sug-
gesting that those 2 genes might be involved in sensitiv-
ity regulation in radiotherapy of colon cancer. However, 
in vivo and clinical studies are needed to further validate 
this finding.
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Fig. 3. Overexpressed miR-181a-5p upregulated COS-induced radiosensitivity in colon cancer cells by suppressing ANRIL expression 

A. Cell survival rates were evaluated using CCK8 assays when the cells were treated with COS (0 mg/mL, 1.0 mg/mL, 2.0 mg/mL, 3.0 mg/mL, 4.0 mg/mL, 
and 5.0 mg/mL) (* p < 0.1, ** p < 0.05, *** p < 0.01); B. SW480 cells after COS treatment (5.0 mg/mL) were exposed to X-rays (0 Gy, 2 Gy, 4 Gy, and 6 Gy) and 
apoptosis was evaluated using flow cytometry, with the 0 Gy treatment group serving as a control group (* p < 0.1, ** p < 0.05, *** p < 0.01); C. SW480 cells 
transfected with oeNC, oeANRIL and oeANRIL+miR-181a-5p mimics underwent COS treatment (5.0 mg/mL) and were then exposed to X-rays (0 Gy, 2 Gy, 
4 Gy, and 6 Gy). The inhibition rates were assessed with CCK-8. Within the same X-ray treatment group, the oeANRIL group was compared to the oeNC 
group, while the combined group was compared with the oeANRIL group (* p < 0.1, ** p < 0.05, *** p < 0.01). Meanwhile, the general differences when cells 
were exposed to different dosages of X-rays were compared with 0 Gy group as a control group (* p < 0.1, ** p < 0.05, *** p < 0.01); D. Apoptosis rate was 
evaluated in each subgroup. Within the same X-ray treatment group, the oeANRIL group was compared to the oeNC group, while the combined group 
was compared with the oeANRIL group (* p < 0.1, ** p < 0.05, *** p < 0.01). Meanwhile, the general differences between cells exposed to different dosages 
of X-rays were compared with 0 Gy group as a control group (* p < 0.1, ** p < 0.05, *** p < 0.01). Each experiment was carried out 3 times.
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Supplement 1. Flow cytometry images for Fig. 1E. The images (from left to right and up to down) were put in the order of the groups in Fig. 1E
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Supplement 2. Flow cytometry images for Fig. 2D. The images (from left to right and up to down) were put in the order of the groups in Fig. 2D
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Supplement 3. Flow cytometry images for Fig. 3B. The images (from left to right and up to down) were put in the order of the groups in Fig. 3B



Adv Clin Exp Med. 2021;30(1):55–65 65

Supplement 4. Flow cytometry images for Fig. 3D. The images were put in the order of the groups in Fig. 3D
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Abstract
Background. Despite the progress in the treatment of heart failure with reduced ejection fraction (HFrEF), 
the prognosis remains unfavorable.

Objectives. To evaluate the effectiveness, tolerance and safety after one-year follow-up of Polish patients 
with stable chronic HFrEF treated with sacubitril/valsartan.

Material and methods. This was an observational multicenter study conducted in 3 centers (Kraków, 
Łódź and Warszawa) specializing in heart failure (HF). We enrolled 89 HFrEF patients (aged 59.3 ±13.5 years, 
82% males) in NYHA class II–IV (ambulatory). Clinical, laboratory and echocardiographic parameters were 
evaluated at baseline and after a one-year follow-up. The composite endpoint was defined as death or urgent 
HF hospitalization.

Results. After 1 year, 80% of patients used 50% or more of the target dose of sacubitril/valsartan. After 
a year of treatment, there were significant improvements of HF symptoms, N-terminal prohormone B-type 
natriuretic peptide (NT proBNP), ejection fraction (EF), and distance in six-minute walk test (6MWP) (all 
p < 0.001). Patients treated with the highest dose of sacubitril/valsartan exhibited the greatest benefits. 
The safety profile was favorable and consistent with that previously reported; however, therapy discontinu-
ation due to side effects occurred in 11% of patients. The independent predictors for composite endpoint 
(n = 24, 26.9%) were history of HF hospitalization, tricuspid annular plane systolic excursion (TAPSE) and 
angiotensin-converting-enzyme inhibitor (ACEI)-naive patients.

Conclusions. Treatment of chronic HFrEF patients with sacubitril/valsartan is safe and is associated with 
significant clinical and objective improvement. The non-survivors had more advanced HF, so the initiation 
and uptitration of sacubitril/valsartan should be done early.

Key words: sacubitril/valsartan, heart failure with reduced ejection fraction, ARNI
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Introduction

The prevalence of heart failure (HF) rises exponentially 
and affects approx. 1–2% of the adult population; however, 
it can be as high as 10% in elderly patients.1–3 Patients with 
HF with reduced ejection fraction (HFrEF) constitute ap-
prox. 40–50% of all chronic HF patients and are broadly 
characterized by younger age, more prevalent coronary 
artery disease (CAD) and worse survival in comparison 
to HF with relatively preserved ejection fraction (EF).4 
On  the  other hand, the  population of  HFrEF patients 
is much better studied, and effective and proven thera-
pies have been successfully introduced over the last couple 
of decades, which have favorably improved the outcomes.4

Among effective therapies, a novel class of agents act-
ing simultaneously on the renin-angiotensin-aldosterone 
system (RAAS) and the  neutral endopeptidase system 
– angiotensin receptor neprilysin inhibitors (ARNI) – has 
shown promise for numerous HFrEF patients.5 In the land-
mark PARADIGM-HF study, ARNI was clearly superior 
to enalapril in improving the symptoms and prognosis for 
HF patients caused by ischemic or non-ischemic HFrEF.6 
So far, numerous papers that clearly confirmed the ben-
efits of sacubitril/valsartan (ARNI) in the various subgroups 
of HFrEF patients from different geographical settings have 
been published. Unfortunately, so far, sacubitril/valsartan 
is not reimbursed in Poland (unlike in other European and 
non-European countries) for HFrEF patients, which results 
in underutilization of this novel treatment in Polish pa-
tients. Consequently, the experience with ARNI is limited 
in Poland.

Therefore, this study aims to respond to the as-yet unmet 
clinical need to investigate the subject of clinical experi-
ence with sacubitril/valsartan in a mid-sized HFrEF cohort 
from 3 HF referral centers in central and southern Poland.

Material and methods

This observational multicenter study was conducted in 3 
clinical centers in Poland (Kraków, Łódź and Warszawa) 
specializing in HF. The study included 89 patients suffering 
from chronic HFrEF. The inclusion criteria were as follows: 
stable (defined as at least 4 weeks without HF exacerbation) 
and symptomatic HF categorized as NYHA (New York Heart 
 Association) class II–IV (ambulatory); left ventricular ejec-
tion fraction (LVEF) lower than or equal to 40%; and optimal 
treatment of HFrEF according to the guidelines of the Euro-
pean Society of Cardiology (ESC).4 The exclusion criteria were: 
hypotension (systolic blood pressure (SBP) <100 mm Hg), 
renal dysfunction with estimated glomerular filtration rate 
(eGFR) <30 mL/min/1.73 m2, hyperkalemia >5.4 mmol/L, 
history of angioedema, and thyroid dysfunction.

The  comprehensive analysis of  clinical, laboratory 
and echocardiographic parameters was performed and 
 included the following:

− age, gender, body mass index (BMI), and systolic (SBP) 
and diastolic (DBP) arterial blood pressure,

− coincidence of arterial hypertension, diabetes mellitus 
(DM), CAD, history of myocardial infarction, atrial fibril-
lation (AF), renal failure, chronic obstructive pulmonary 
diseases (COPD), cancer, and coronary interventions such 
as percutaneous coronary intervention (PCI) or coronary 
artery bypass graft (CABG);

− electrotherapy – cardiac resynchronization therapy 
(CRT-D, CRT-P) and implantable cardioverter defibrilla-
tor (ICD);

− HF etiology (ischemic compared to non-ischemic) and 
duration of HF;

− basic laboratory results, i.e., N-terminal prohormone 
B-type natriuretic peptide (NT-proBNP) and high-sensi-
tivity troponin T, creatinine with eGFR, and potassium 
level;

− electrocardiography (ECG) variables: heart rhythm 
and heart rate (HR), QRS duration;

− selected echocardiographic results, i.e., LVEF, end-
diastolic volume (EDV)/end-systolic volume (ESV) of left 
ventricle, right ventricular diameter (RVD), tricuspid an-
nular plane systolic excursion (TAPSE), pulmonary artery 
systolic pressure (PASP), volume of left atrium;

− drugs and doses of standard HFrEF therapy: angio-
tensin-converting-enzyme inhibitors (ACEI), angiotensin 
receptor blockers (ARB), β-blockers (BB), mineralocor-
ticoid receptor antagonist (MRA), ivabradine, diuretics, 
and digoxin;

− results of six-minute walking test (6MWT);
− MAGGIC (Meta-Analysis Global Group in Chronic 

Heart Failure) score.7
During a one-year follow-up, the following factors were 

analyzed: clinically important variables (NYHA class, arte-
rial blood pressure, HR, QRS duration, LVEF, NT-proBNP, 
6MWT, creatinine, and potassium level), and the compos-
ite endpoint (death and/or HF hospitalization).

The paper also includes an analysis of the sacubitril/
valsartan safety and tolerability profile.

Initial dose of sacubitril/valsartan and 
increase to the target maintenance dose

Patients enrolled in the study received a starting dose 
of sacubitril/valsartan as 1 tablet of 24/26 mg twice daily 
or 49/51 mg twice daily, as recommended.8 The sacubitril/
valsartan 24/26 mg initial dose was used in patients with 
SBP ≥ 100–110 mm Hg, in patients not currently taking 
ACE-I or ARB, or taking low doses of these medicinal 
products, and in patients with moderate renal impair-
ment (eGFR 30–60 mL/min/1.73 m2) or moderate hepatic 
insufficiency (Child–Pugh class B). Sacubitril/valsartan 
49/51 mg was used in patients with SBP > 110 mm Hg, 
and normal eGFR and serum potassium level. The dose 
was doubled at 2–4 weeks to the target dose of 1 tablet 
of 97/103 mg twice daily, as tolerated by the patient with 
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normal pressure tolerance, normal eGFR and normal se-
rum potassium level.

The  dose was temporarily reduced or  discontinued 
in  case of  symptomatic SBP  ≤  90  mm  Hg, hyperkale-
mia >5.4 mmol/L and worsening renal function defined 
as eGFR < 30 mL/min/1.73 m2. Patients received sacubitril/
valsartan at least 36 h after discontinuing ACE inhibitor 
therapy.

Statistical analysis

Quantitative variables are reported as mean and stan-
dard deviation (SD) or, for non-normally distributed vari-
ables, the median and interquartile range (IQR). Normal-
ity of the variables was verified using the Shapiro–Wilk 
normality test. For categorical variables, the  number 
of observations (N) with the corresponding percentage 
(%) is given.

To compare 2 independent groups, Student’s t-test for 
quantitative variables with normal distribution or the non-
parametric Mann–Whitney U test for non-normally dis-
tributed variables were used. To compare more than 2 
independent groups, analysis of variance (ANOVA, for 
normally distributed quantitative variables) or the Krus-
kal–Wallis test (if the distributions of variables were dif-
ferent from normal) with post hoc multiple comparisons 
(Tukey’s honest significant difference (HSD) test) was used.

For categorical variables, Pearson’s χ2 test, the maximum 
likelihood (ML) χ2 test or χ2 test with Yates’s correction 
was applied (regarding the expected counts in the con-
tingency tables).

The paired sample t-test (for normally distributed quan-
titative variables) or the nonparametric Wilcoxon signed-
rank test (for non-normally distributed quantitative vari-
ables) or the McNemar–Bowker test with correction for 
continuity (for categorical variables) was used to compare 
2 dependent groups (before and after the treatment).

Variables significant in  univariate comparisons 
at p < 0.05 were included in the multivariable stepwise 
logistic regression model to determine the independent 
risk factors of the composite endpoint.

Taking into account the  time to event (i.e., the  time 
to death, the composite endpoint), the Kaplan–Meier sur-
vival curves were determined. To compare 2 Kaplan–Meier 
curves, the log-rank test was applied. The Cox proportional 
hazards model was used to determine the independent risk 
factors of the composite endpoint.

The  results were considered statistically significant 
at p < 0.05. All the calculations were performed using 
the STATISTICA PL v. 13.3 package (StatSoft Inc., Tulsa, 
USA). The studied population was analyzed in relation 
to HF etiology: ischemic compared to non-ischemic and 
composite endpoint.

The study design was approved by the Bioethics Com-
mittee of the Jagiellonian University, Kraków, Poland (ap-
proval No. 1072.6120.55.2020).

Results

Table 1 shows the baseline characteristics of the total 
population and the analyzed groups of patients, divided 
according to HF etiology into ischemic HF (n = 42, 47%) 
and non-ischemic HF, caused mainly by dilated cardio-
myopathy (DCM), arrhythmias or primary valvular heart 
diseases. Patients with non-ischemic HF were younger, had 
shorter duration of HF, had more preserved renal function, 
larger left ventricles and lower EF, but they had higher low-
density lipoprotein (LDL) levels. The 2 groups did not dif-
fer in terms of baseline blood pressure, HR, NYHA class, 
number of comorbidities, NT-proBNP levels, or baseline 
HF medications.

For the total population, the comparison of clinically 
relevant parameters between baseline and at one-year as-
sessment is presented in Table 2. Overall, NYHA class, 
distance in  the  6MWT, LVEF, and NT-proBNP levels 
significantly improved after a year of treatment. Further, 
we observed significant reductions in both SBP and DBP, 
HR, and QRS complex width. Finally, potassium levels and 
creatinine remained unchanged.

After a year, 20% (n = 15) of patients were treated with 
24/26 mg of sacubitril/valsartan twice daily, 28% (n = 20) 
received 49/51 mg twice daily and 52% (n = 38) received 
the maximum dose. An adverse event in the form of hy-
potension, hyperkalemia or worsening renal function oc-
curred in 17.8% (n = 16), 5.6% (n = 5) and 4.5% (n = 4) 
of patients, respectively.

In 12% (n = 11) of patients, the sacubitril/valsartan dose 
was reduced during the study. Hypotension was the cause 
of the dose reduction in 10 patients (11%) and the decrease 
of eGFR in 1 patient (1%). Sacubitril/valsartan was discon-
tinued in 10% (n = 9) and hypotension was the main cause 
(4.5%, n = 4), in 1 patient at dose 49/51 mg twice daily and 
in 3 patients at 97/103 mg twice daily. One patient (1%) 
discontinued treatment due to worsening renal function 
(drug dose 49/51 mg twice daily) and 4 patients (4.5%) due 
to hyperkalemia – 1 patient at a dose of 49/51 mg twice 
daily and 3 patients at a dose of 97/103 mg twice daily.

The population that received the highest dose of sacu-
bitril/valsartan compared to patients receiving the low-
est or intermediate dose had the shortest history of HF 
(respectively 70  months vs 157  months vs 81  months; 
p = 0.001), the lowest number of visits to primary care 
(4 vs 6 vs 4.5; p = 0.005), the highest SBP (respectively 
123 mm Hg vs 108 mm Hg vs 113 mm Hg; p = 0.002) and 
DBP (75 mm Hg vs 66 mm Hg vs 72 mm Hg; p = 0.002), and 
the lowest initial NT-proBNP (respectively 2620 pg/mL vs 
4446 pg/mL vs 4417 pg/mL; p = 0.003).

During a  one-year follow-up, 8  patients died (8.9%); 
the  mean time to  death was 5.88  ±4.16  months. One 
of non-survivors discontinued the treatment of sacubi-
tril/valsartan 1 month before death. The MAGGIC score 
in the whole group was 24 ±5.4. This implies one-year 
probability of death of approx. 14.7%, which is much higher 
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Table 1. Baseline characteristics and related to etiology. Data is presented as mean ± standard deviation (SD), median (interquartile range – IQR) or number 
(percentage) in variables with non-parametric distribution

Parameter Total population, n = 89 Non-ischemic HF, n = 47 Ischemic HF, n = 42 p-value

Age [years] 62 (56–68) 59 (43–66) 63 (59–72) 0.002

Male sex, n (%) 73 (82) 34 (72.3) 39 (92.9) 0.025

BMI [kg/m2] 27.34 ±4/6 26.95 ±4.26 27.79 ±4.91 0.39

HF duration [months] 72 (32–133) 50.5 (12–120) 85.5 (42–143) 0.03

SBP [mm Hg] 116.9 ±14.1 114.94 ±14.51 119.1 ±13.5 0.17

DBP [mm Hg] 72.5 ±8.5 72.30 ±8.19 72.76 ±8.94 0.85

NYHA class 3 (3–3) 3 (3–3) 3 (3–3) 0.98

Hospitalization HF, n (%) 48 (54) 23 (48.9) 25 (59.5) 0.32

Atrial fibrillation, n (%) 36 (40) 18 (38.3) 18 (42.9) 0.66

Diabetes, n (%) 36 (40) 19 (40.4) 17 (40.5) 0.99

Hypertension, n (%) 52 (58) 23 (48.9) 29 (69) 0.055

Dyslipidemia, n (%) 49 (55) 22 (46.8) 27 (64.3) 0.09

COPD, n (%) 8 (9) 2 (4.3) 6 (14.3) 0.2

NT-proBNP [pg/mL] 2600 (914–4783) 2858 (1017–4967) 2186 (797–4783) 0.73

Hemoglobin [g/dL] 13.8 ±1.88 13.97 ±2.13 13.6 ±1.6 0.4

Na [mmol/L] 139.9 ±2.78 140.1 ±2.65 139.7 ±2.94 0.5

K [mmol/L] 4.49 ±0.39 4.46 ±0.37 4.52 ±0.41 0.53

Creatinine [μmol/L] 94.6 (81–113) 91 (77–108) 105.1 (85–129) 0.03

eGFR [mL/min/1.73 m2] 70.9 ±22.7 76.22 ±22.36 65.1 ±21.9 0.02

BUN [mmol/L] 12.3 (8–17.5) 13.2 (7.95–19.8) 13.4 (6.7–26.0) 0.69

Glucose [mmol/L] 5.7 (5.1–6.8) 5.8 (5–7.1) 5.5 (5.1–6.6) 0.45

LDL [mmol/L] 2.23 ±0.88 2.43 ±0.97 2.02 ±0.72 0.04

Bilirubin [mg/dL] 20.7 (14.3–39.4) 17.3 (13–37.9) 26.7 (17–47.6) 0.17

LVD [mm] 66 (60–72) 68.66 ±9.57 63.7 ±9.1 0.014

EDV LV [mL] 221.2 ±90.3 221.9 ±106.1 220.1 ±65.1 0.69

ESV LV [mL] 171.2 ±81.4 175.55 ±96.24 165 ±55.1 0.66

RVD prox. [mm] 34.9 ±6.02 34.87 ±6.5 35.1 ±5.6 0.88

LA vol. [mL] 133.6 ±51.4 129.25 ±45.28 136.7 ±56.2 0.8

LVEF [%] 23.6 ±6.7 22.25 ±6.85 25.05 ±6.24 0.02

TAPSE [mm] 16.7 ±4.2 16.5 ±3.96 16.9 ±4.5 0.6

PASP [mm Hg] 43.3 ±13.19 42.5 ±13.9 44.1 ±12.6 0.69

6MWT distance [m] 353.2 ±99.6 357.64 ±96.23 347.9 ±105.6 0.73

HR [bpm] 74.4 ±7.4 77.7 ±12.9 75.9 ±8.5 0.86

QRS duration [ms] 114 (102–140) 110 (100–140) 120 (108–128.5) 0.83

Prior ACEI/ARB, n (%) 87 (98) 45 (95.7) 42 (100) 0.98

β-blockers, n (%) 87 (98) 46 (97.9) 41 (97.6) 0.98

MRA, n (%) 80 (90) 43 (91.5) 37 (88.1) 0.86

Ivabradine, n (%) 16 (18) 7 (15.2) 9 (21.4) 0.45

Loop diuretic, n (%) 73 (85) 37 (87.2) 36 (87.8) 0.67

Digoxin, n (%) 16 (18) 10 (21.3) 6 (14.3) 0.39

MAGGIC score 24 ±5.4 23.1 ±4.7 25 ±6.04 0.1

ICD at baseline, n (%) 36 (40) 14 (40.4) 22 (52.4) 0.26

CRT at baseline, n (%) 15 (17) 6 (12.8) 9 (21.4) 0.28

ACEI – angiotensin-converting-enzyme inhibitors; ARB – angiotensin receptor blockers, BMI – body mass index; BUN – blood urea nitrogen; COPD – chronic 
obstructive pulmonary disease; CRT – cardiac resynchronization therapy; DBP – diastolic blood pressure; DM – diabetes mellitus; eGFR – estimated 
glomerular filtration rate; HF – heart failure; HR – heart rate; ICD – implantable cardioverter defibrillator; LDL – low-density lipoprotein; LVD – left ventricle 
diameter; LVEF – left ventricle ejection fraction; MRA – mineralocorticoid antagonist, NT-proBNP – N-terminal prohormone B-type natriuretic peptide; 
SBP – systolic blood pressure; EDV LV – end diastolic volume – left ventricle; ESV LV – end systolic volume – left ventricle; RVD – reference vessel diameter; 
LA vol. – left atrial volume; TAPSE – tricuspid annular plane systolic excursion; PASP – pulmonary artery systolic pressure; 6MWT – six-minute walk test; 
MAGGIC – Meta-Analysis Global Group in Chronic Heart Failure.
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than the observed one-year mortality in the studied pop-
ulation. Furthermore, the MAGGIC score was similar 
in non-survivors and survivors (25.7 ±5.7 vs 23.9 ±5.3; 
p = 0.37). The Kaplan–Meier curves for death in the total 
population and related to HF etiology (p > 0.05) is pre-
sented in Fig. 1 and Fig. 2.

During a one-year follow-up, in 24 patients (26.9%), the com-
posite endpoint was reported. These patients had a higher 
level of NT-proBNP (4488.5 [2599–7129.5] pg/mL vs 2049.5 
[746–3889.5] pg/mL, p = 0.002), more HF hospitalizations 
in the last 12 months (median 2 [1–3] vs 0 [0–1]; p = 0.0001) 
and lower SBP (111.3 ±12.5 mm Hg vs 118.5 ±13.9 mm Hg; 
p  =  0.028), distance in  6MWT (301.6  ±101.3  m  vs 

367.1 ±95.3 m; p = 0.046) and TAPSE (16.6 ±2.65 mm vs 
17.5 ±4.46 mm; p = 0.004). These parameters indicated more 
advanced HF in these patients. In analysis regarding HF eti-
ology, the composite endpoint occurred in 11 patients with 
ischemic etiology and in 13 with non-ischemic (p = 0.83). 
The time to composite endpoint was 3.32 ±2.03 months 
for ischemic etiology of HF and 4.44 ±3.95 months for non-
ischemic etiology. The multivariable analysis revealed 3 in-
dependent variables for risk of composite endpoint (Table 3): 
history of HF hospitalization, TAPSE and ACEI treatment. 
According to ANOVA analysis, only RVD in ischemic eti-
ology of HF was significant for risk of composite endpoint 
(p = 0.0452) (Fig. 3).

Table 2. Comparison of clinically important variables after 1 year of treatment with sacubitril/valsartan. Data is presented as mean ± standard deviation (SD), 
median (interquartile range – IQR) or number (percentage) in variables with non-parametric distribution

Parameter Baseline (n = 73) After 1 year of treatment (n = 73) p-value

NYHA class 3 (3–3) 2 (1–2) <0.001

SBP [mm Hg] 117.2 ±13.9 109.9 ±13.4 <0.001

DBP [mm Hg] 72.7 ±8.3 68.3 ±9.9 <0.001

HR [bpm] 76 (70–80) 75 (68–79) <0.005

QRS duration [ms] 115 (102–140) 110 (107–135) <0.01

LVEF [%] 23.8 ±6.5 27 ±6.4 <0.001

K [mmol/L] 4.4 ±0.4 4.5 ±0.38 0.88

Creatinine [μmol/L] 95 (81–113) 101 (86–115) 0.21

NT-proBNP [pg/mL] 2600 (969.2–4542) 1628 (679–3009) <0.001

6MWT distance [m] 337.3 ±96.9 423.8 ±71.9 <0.001

DBP – diastolic blood pressure; HR – heart rate; LVEF – left ventricle ejection fraction; NT-proBNP – N-terminal prohormone B-type natriuretic peptide; 
SBP – systolic blood pressure; NYHA – New York Heart Association; 6MWT – six-minute walk test.

Fig. 1. Kaplan–Meier curve 
of death during 1 year 
in the studied population
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Discussion

We present the first real-life observation of one-year 
treatment with sacubitril/valsartan in  a  Polish HFrEF 
population. The studied population represents a typical 
HFrEF cohort. Of note, we report a relatively high propor-
tion of DCM patients (52.5% vs 40% in PARADIGM-HF), 
lower EF (our population – 23.5 ±8.9 vs PARADIGM-HF 

–  29.6  ±6.1% and higher levels of  NT-proBNP (ours 
– 2600 pg/mL vs 1631 pg/mL); such results reflect more 
advanced HFrEF and probably the fact that our centers 
serve as regional referral centers for more sophisticated 
diagnostic work-up (e.g., referrals for heart transplant 
or mechanical circulatory support in DCM or hemody-
namically compromised patients).6 More advanced HFrEF 
in our study as well as in the first report on Polish patients 

Fig. 3. Two-way ANOVA results 
for RVD prox. (LAX) at baseline 
– interaction effect between 
etiology and composite endpoint 
(marginal means ± standard error 
(SE); p = 0.0453)

Fig. 2. Kaplan–Meier curve 
of composite endpoint (death 
and/or HF hospitalization) during 
1 year in the studied population 
related to etiology of HF
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from 20189 in comparison to the PARADIGM-HF baseline 
characteristics probably results from the fact that tertiary 
cardiac centers, with the greatest HF expertise, decided 
to start ARNI treatment in Poland.

Overall, we  observed very favorable outcomes af-
ter 1 year of treatment with sacubitril/valsartan, which 
was consistent in various parameters of clinical interest, 
such as improvements in NYHA class, EF and distance 
in 6MWT, as well as substantial reduction of NT-proBNP 
levels. Reassuringly, and similarly as in other ARNI trials, 
including PARADIGM-HF, we did not observe safety issues 
with ARNI, i.e., the substantial reduction of both SBP and 
DBP was asymptomatic in the great majority of patients, 
and the much feared worsening of renal function did not 
occur (stable levels of creatinine and potassium).

Although the study population was relatively small com-
pared to large multi-center randomized controlled trials 
or ESC-initiated registries, we report here a real-life and 
probably the largest population of HFrEF patients treated 
with ARNI in Poland. For the first time we report a one-year 
follow-up, which reassuringly is similar to other studied 
populations in real-world studies.10–14 This and other stud-
ies showed a clear benefit of sacubitril/valsartan treatment 
of HFrEF patients, which directly translates into improve-
ment in clinical, echocardiographic and laboratory indices. 
We sincerely hope that the increasing number of papers 
showing effectiveness of  sacubitril/valsartan will pave 
the way for widespread utilization of this treatment in Polish 
patients, which currently is limited due to non-medical rea-
sons (unbearable financial cost for the majority of patients).

Sacubitril/valsartan is recommended in the ESC guide-
lines for further reduction in the risk of hospitalization 
or death in patients with HFrEF if  symptoms continue 
despite optimal treatment with ACEI/ARB, β-blockers 
and mineralocorticoid antagonists. At baseline, the stud-
ied population was optimally treated in terms of the class 
of the standard therapy of ACEI/ARB, BB and MRA (Table 1). 
After 1 year, only ivabradine was more frequently used 
(from 18% at baseline to 29%, p = 0.077). However, the tar-
get doses of 50% or more were obtained for BB from 66% 
at baseline to 63% after a year, for MRA it was stable at 77%, 
and for ivabradine it varied from 54% at baseline to 69%. 
It should be emphasized that in comparison to the obser-
vational QUALIFY registry for ambulatory Polish patients 
suffering from chronic HF,15 both prescription of standard 

HFrEF therapy and ivabradine and the proportion of target 
doses are higher in our study, but still suboptimal.

For ARNI, the TITRATION study indicated that 75.9% 
of randomized patients achieved ‘treatment success’, de-
fined as achieving and maintaining a dose of sacubitril/
valsartan of 97/103 mg twice daily without any dose inter-
ruption/down-titration over 12 weeks.16 In our study, after 
a year, 80% of patients were on 50% or more of the target 
dose of sacubitril/valsartan (49/51 mg or 97/103 mg twice 
daily). In the PROVE-HF study, after a year of treatment, 
65% of patients received the maximum dose of sacubitril/
valsartan, 21% received a moderate dose and 14% received 
the lowest dose.17 In our study, the involvement of indi-
vidual doses represents 52%, 28% and 20%, respectively, 
and was comparable in the moderate dose (49/51 mg) 
to the PROVE-HF study.17 More frequent use of  lower 
doses in our population in relation to the PROVE-HF 
populations may have resulted from lower SBP and DBP 
(116 ±14 mm Hg and 72 ±8 mm Hg vs 124.5 ±16 mm Hg 
and 76 ±10.3 mm Hg, respectively) and more advanced HF 
(NT-proBNP 2600 pg/mL vs 816 pg/mL, respectively).17

In our study, patients treated with the maximum target 
dose constituted the least burdened population at base-
line (eGFR 75.91 mL/min/1.73 m2, SBP 123 mm Hg). It al-
lowed us to use the maximum doses, which further en-
hanced the therapeutic effects in comparison to the groups 
at lower doses. Thus, the earlier incorporation of the drug, 
as well as treatment with higher doses, has a beneficial ef-
fect on the prognosis of patients with HFrEF.

Hypotension, hyperkalemia and worsening renal func-
tion were the most frequent adverse events in our and 
the PROVE-HF study. Hypotension was observed with 
a comparable frequency in the studied population and 
in the PROVE-HF study (17.8% compared to 17.6%, respec-
tively).17 It should be emphasized that hyperkalemia and 
worsening renal function were less frequently observed 
in our study than in the PROVE-HF study (5.6% and 4.5% 
compared to 13.2% and 12.3%).17 Moreover, no statisti-
cally significant differences were observed in potassium 
and creatinine values in our population at the beginning 
of the study and after 1 year. However, the most common 
reasons for discontinuation of therapy were hypotension, 
hyperkalemia and worsening kidney function in both our 
study and PARADIGM-HF, and at a similar level (11% com-
pared to 11.4%, respectively).6

Table 3. Results of multivariable analysis for the composite endpoint

Variable p-value OR 95% CI for OR

History of HF hospitalization 0.001 2.194 1.397 3.448

TAPSE at baseline 0.035 0.826 0.691 0.987

ACEI before ARNI 0.011 0.176 0.046 0.672

Intercept 0.144 x x x

OR – odds ratio; 95% CI – 95% confidence interval; HF – heart failure; TAPSE – tricuspid annular plane systolic excursion; ACEI – angiotensin-converting-
enzyme inhibitor; ARNI – angiotensin receptor neprilysin inhibitors.
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At baseline, a little more than half of the population had 
devices (ICD or CRT in 57%), and in the one-year follow-
up, 14 patients subsequently received an ICD (8) or CRT 
(6). That is even more than in the QUALIFY population 
(28.7%); however, there is still a  large need for invasive 
procedures in the HFrEF population in our country.

In  the  studied population, AF was highly prevalent 
(36/89 patients), including 18 (38.3%) out of 47 non-isch-
emic HF and 18 (42.9%) out of 42 ischemic HF patients. 
In  the  AF population, 22 (61%) had severe reduction 
in LVEF ≤ 25% and 16 (44%) were older than 65. Regard-
less of HF etiology, there were no differences of the drug 
therapy, including β-blockers. Digoxin was used in 16 pa-
tients (18%). During the one-year observation, no ablation 
procedure was performed. 

The  mean HR in  the  AF group was 81 bpm, while 
in the sinus rhythm group it was 75 bpm. At baseline, 35 pa-
tients with AF (97%) were taking β-blockers and after 1 year 
– all patients; however, 13 (36%) were treated less than 50% 
of the target β-blockers. After 1 year of sacubitril/valsartan 
treatment, a change in β-blockers treatment was observed 
in 5 patients. Three patients had reduced their β-blockers 
dose (bradyarrhythmia), 1 discontinued the  treatment 
due to peripheral artery disease (PAD), and 1 patient had 
increased the dose above 50% of the target dose. During 
the one-year follow-up, in 13 AF patients (36%), the com-
posite endpoint was reported, including 3 deaths (8%).

In the studied population, patients who died (9.09%) had 
a higher level of NT-proBNP (3337 [3243–5631] pg/mL vs 
1337.5 [653.5–2231.5] pg/mL; p = 0.002) and blood urea ni-
trogen – BUN (27 [21–34] mmol/L vs 10.2 [6.7–21] mmol/L; 
p = 0.0056), lower distance in the 6MWT (273.2 ±105.1 m vs 
431.3 ±85.5 m; p = 0.039), and a larger RVD in echocar-
diography measured in the parasternal longitudinal axis 
(40.86 ±4.71 mm vs 34.3 ±5.85 mm, p = 0.0055). These 
parameters indicated the more advanced HF in the non-
survival population. The integer risk score of approx. 24 lo-
cates our population between the 3rd and 4th risk group with 
estimated one-year probability of death between 13.4% 
and 16%.7 Thus, the MAGGIC score clearly overestimated 
the one-year probability of death in our population (true 
one-year mortality in our population – 9.09% compared 
to estimated one-year mortality – 14.7%).7 Apart from nu-
merous factors that may be responsible for this inaccuracy, 
such as the relatively small population size (which may dis-
tort statistical calculations), the majority of patients with 
non-ischemic HF (with usually worse prognosis in isch-
emic HF), younger age of our population than the original 
MAGGIC cohort, etc., the favorable effect of sacubitril/
valsartan should also be taken into account.

The composite endpoint (cardiovascular mortality and 
hospitalization) after a year occurred in 17.3% in the ESC-
EORP-HFA Heart Failure Long-Term Registry,18 and in our 
study in 27.3%. However, it  should be pointed out that 
the components of the composite endpoint in our study 
are different (death and HF hospitalization). It should also 

be noted that there were differences in hospitalization due 
to decompensation, in 13% of patients in the abovemen-
tioned Registry compared to 27.3% in the present popula-
tion. It seems that the increased number of hospitalizations 
in our study is a result of more advanced HF in the studied 
population and the inadequately organized outpatient care 
in our country (the routine treatment of patients with de-
compensation of HF in hospital). Mortality in our popula-
tion was 9.09% and was higher than in the Registry after 
a year of treatment of sacubitril/valsartan, which was 8.8%.18 
Ischemic etiology (5.6%, n = 5) was a more frequent cause 
of death in our population than non-ischemic etiology (3.3%, 
n = 3), which is consistent with other studies that indicate 
a worse prognosis for patients with ischemic HF etiology.

From multivariable analysis independent variables for 
risk of composite endpoint were revealed (history of HF 
hospitalization, TAPSE and ACEI treatment at baseline), 
which indicate more advanced HF and worse prognosis 
in ACEI-naive patients, and according to ANOVA analy-
sis, in ischemic HF only the RVD was important for risk 
of composite endpoint. It  is well known that the right 
ventricle dilates in end-stage disease, and is a predictor 
of poor outcome in HF.19,20 However, recently Correale 
et al. observed in a real-life population with chronic HFrEF 
improvement of right ventricular function under sacubi-
tril/valsartan treatment.21

Limitations

There are several potential limitations to  the  pres-
ent study that should be acknowledged. Firstly, the size 
of the study population is small; however, ARNI treatment 
in Poland in not reimbursed, which results in unbearable 
cost of treatment for the majority of patients in need. Sec-
ondly, the fact that patients were recruited in the referral 
centers may slightly distort the typical HFrEF patients 
in Poland, which in fact may be less severe. Thirdly, the ob-
servation period of 12 months seems to be relatively short; 
nevertheless, the composite endpoint occurred in more 
than a quarter of patients. Fourthly, the mean age of our 
study population is at least a decade younger than a typi-
cal (real-world) HF cohort. Fifthly, a great majority of our 
patients have long-standing HF. Consequently, new-on-
set (or de novo) HF patients are under-represented. Also, 
this was an observational study without a control group. 
The lack of direct His bundle pacing in our patients with 
chronic AF, which is more and more widely used in this 
group of patients,22 may also be considered as a limitation 
of our work.

Conclusions

In summary, we present the first one-year observation 
of real-life HFrEF Polish patients treated with sacubitril/
valsartan with clinical improvement and good tolerability. 
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We confirmed that non-survivors had more advanced HF, 
so the initiation and uptitration of sacubitril/valsartan 
should be performed early in HFrEF.
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Abstract
Background. Bladder cancer is one of the most common cancers in Europe and is mostly found in men. 
Cystectomy is the treatment for invasive tumors that infiltrate the muscle of the bladder. This procedure 
is associated with a large number of complications. Eligibility for surgical treatment is important, because 
surgery may shorten the patient’s life. The main prognostic factor is the severity of the disease, but less 
specific factors can be very helpful in selecting the form of treatment.

Objectives. To identify and analyze factors affecting significantly the survival in patients undergoing radical 
cystectomy (RC).

Material and methods. A retrospective analysis of a group of 129 patients treated at the Department 
of Urology and Urological Oncology of University Hospital in Wrocław (Poland) was carried out. Further-
more, information about the results of laboratory tests from the medical records (blood count, creatinine 
concentration, etc.) was obtained. The follow-up was performed twice during the postoperative period. 
The Kaplan–Meier method was used to determine overall survival (OS) curves and statistical significance 
was assessed using log-rank test.

Results. A statistically significant correlation between preoperative serum creatinine level and OS was found. 
The OS was significantly shorter in patients with higher serum creatinine levels (log-rank test; p = 0.002). 
The patients were divided into different groups to exclude the relationship between the elevated creatinine 
concentration and the local disease advancement. The analysis was performed in patients with and without 
hydronephrosis. In both groups, creatinine levels above the acceptable range were associated with a shorter 
survival.

Conclusions. Due to the high perioperative mortality, mainly in patients with advanced disease, it is neces-
sary to develop the qualification process for surgical treatment. The awareness of the relationship between 
elevated creatinine levels and worse prognosis seems to be helpful.

Key words: survival, creatinine, hydronephrosis, cystectomy, urinary bladder neoplasms
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Introduction

Bladder cancer is a major health problem in Poland; ac-
cording to European Association of Urology, it is the 7th 
most commonly diagnosed cancer in male population 
worldwide and 5th in Europe. Radical cystectomy (RC) 
is a standard treatment for muscle-invasive bladder cancer 
(MIBC); however, it is also recommended for patients with 
non-muscle-invasive tumor who are at the highest risk 
of progression – including high risk and recurrent non-
muscle-invasive tumours, BCG-refractory, BCG-relapsing 
and BCG-unresponsive, T1G3 tumours. Although there 
are number of prognostic factors affecting survival in pa-
tients undergoing RC such as tumor grade, tumor stage, 
preoperative uremia, and lymph node involvement and 
renal insufficiency, further reliable predictors are needed. 
Serum creatinine level is one of routine serum biomarkers 
commonly used in clinical practice associated with renal 
function. We aimed to determine the impact of serum cre-
atinine levels and hydronephrosis on survival in patients 
who underwent RC.

Material and methods

Medical records of 143 patients from the Department 
of Urology and Urological Oncology of University Hos-
pital in Wrocław (Poland), who underwent RC between 
February 2011 and February 2014, were evaluated retro-
spectively. Indications for RC in the presented group were 
MIBC (T2–T4), refractory superficial high-grade tumors 
as well as palliative reasons. Ten patients who had incom-
plete medical data were excluded. Four other patients were 
eliminated from the study since they could not be reached 
during the postoperative period. The final group consisted 
of 129 patients.

Table 1 describes the characteristics of 129 patients stud-
ied. The mean age was 65.5 years (range: 35–83 years, me-
dian: 65 years) and the majority (105; 82%) of patients were 
male. As for the stage, we observed that 79.8% of the pa-
tients presented MIBC (T2–T4); involvement of  lymph 
nodes (N1–N3) was observed in 34.9% of the patients and 
hydronephrosis in 44 patients (34.1%).

Our regular preoperative blood evaluation included se-
rum creatinine level. Blood samples were drawn on the 1st 
day of hospitalization, 1–3 days prior to RC. The normal 
range serum creatinine level in our laboratory was be-
tween 0.8 mg/dL and 1.3 mg/dL in men and between 
0.7 mg/dL and 1.1 mg/dL in women. Therefore, the value 
of 1.3 mg/dL in men and 1.1 mg/dL in women was chosen 
as a cutoff between patients with high and low serum 
creatinine level.

Hydronephrosis was assessed using the  ultrasound 
scan. In each patient, an ultrasound imaging of urinary 
tract (including kidneys, ureters and urinary bladder) 
was performed 1–3  days before the  surgery. A  visible 

dilation of  the renal pelvis in one or both kidneys, re-
gardless of  the  stage of  advancement, was considered 
as hydronephrosis.

The follow-up was performed twice during the postoper-
ative period. In June 2014, patients were contacted by tele-
phone. Traditional mail was sent to patients who could 
not be reached by telephone. For patients who could not 
be contacted neither by telephone nor by traditional mail, 
the information whether the person is alive was received 
from civil registry office in November 2014. In May 2016, 
a 2nd follow-up was performed by telephone and regular 
mail. Median follow-up time was 30.3 ±13.4 months (mean: 
30.1 months, min. 5.2 months, max. 60.5 months). In this 
study, a median follow-up is the time median between 
a surgery and the time when information about the patient 
was gathered.

Due to the retrospective nature of the study, it was not 
possible to assess cancer-specific survival. Information 
on the cause of death was obtained mainly from relatives.

The  data was analyzed using STATISTICA v.  12.5 
software (StatSoft Inc., Tulsa, USA). The Kaplan–Meier 
method was used to determine overall survival (OS) curves 
and statistical significance was assessed using log-rank 
test. Univariate analysis was performed using Kaplan–
Meier method. Multivariate analysis was performed using 

Table 1. Characteristics of patients studied

Parameter n (%)

Age [years]

Mean/median 65.5 ±10.4

Variation 35–83

Sex

Male 105 (81.4)

Female 24 (18.6)

Tumor stage

T0 4 (3.1)

Ta 1 (0.8)

Tis 14 (10.9)

T1 7 (5.4)

T2 24 (18.6)

T3 35 (27.1)

T4 44 (34.1)

Lymph nodes involvement

N0 80 (62.0)

N1 11 (8.5)

N2 32 (24.8)

N3 2 (1.6)

Nx 4 (3.1)

Hydronephrosis

Yes 44 (34.1)

No 85 (65.9)
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the Cox proportional hazard regression model with a con-
fidence interval of 95% (95% CI). The value of p < 0.05 was 
considered statistically significant.

Results

The mean preoperative serum creatinine level in studied 
group was 1.29 mg/dL (0.66–2.66 mg/dL). In the univariate 
analysis using Kaplan–Meier method, a statistically signifi-
cant correlation between preoperative serum creatinine 
level and OS was found. The OS was significantly shorter 
in patients with higher serum creatinine levels (log-rank 
test; p = 0.002; Fig. 1).

Table 2 shows OS time in patients classified by serum 
creatinine levels. Both 90-day overall survival (89.3% 
in the high-creatinine group and 94.5% in the low-cre-
atinine group) and one-year overall survival (58.6% and 
81.2%, respectively) were significantly shorter in patients 
with elevated creatinine levels.

The  univariate analysis was performed to  identify 
the  factors affecting OS (Table  3). In  the  multivariate 

analysis (Table 4) performed with the use of Cox propor-
tional hazard regression model, which included selected 
independent significant variables detected in the univari-
ate analysis (Table 3), it was found that the serum creati-
nine level was an independent variable significantly as-
sociated with OS.

Patients diagnosed with hydronephrosis had signifi-
cantly higher serum creatinine level (1.43 ±0.45 mg/dL, 
p = 0.003) compared to patients without hydronephrosis 
(1.22 ±0.35 mg/dL; Fig. 2).

Creatinine serum level was also correlated with T score 
(p < 0.01; Fig. 3A). Furthermore, the overall survival was 
associated with T stage (p < 0.01; Fig. 3B, Table 5).

Fig. 1. Comparison of Kaplan–Meier survival curves between low and 
high creatinine groups
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Table 2. Overall survival (OS) in patients classified by serum creatinine 
level

Survival Low-creatinine group High-creatinine group

30-day 98.70% 96.40%

90-day 94.50% 89.30%

One-year 81.20% 58.60%

Two-year 72.30% 48.50%

Three-year 68.50% 45.60%

Table 3. Results of Cox regression to determine the association with 
overall survival (OS; univariate analysis)

Parameter HR 95% CI p-value

Age 1.04 [1.01–1.07] 0.005

RBC 0.29 [0.18–0.47] 0.000

WBC 1.02 [0.97–1.09] 0.399

PLT 1.00 [1.00–1.01] 0.003

HGB 0.63 [0.54–0.74] 0.000

Na+ 0.92 [0.83–1.01] 0.092

K+ 2.18 [1.06–4.50] 0.035

Blood loss 1.00 [1.00–1.00] 0.008

Creatinine 3.18 [1.80–5.62] 0.000

GFR 0.98 [0.97–0.99] 0.004

T 1.71 [1.22–2.41] 0.002

N 1.41 [1.07–1.85] 0.015

ASA 1.60 [1.00–2.54] 0.048

BMI 1.00 [0.94–1.06] 0.876

Hydronephrosis 1.65 [0.93–2.90] 0.085

HR – hazard ratio; 95% CI – 95% confidence interval; RBC – red blood cells 
count; WBC – white blood cells count; PLT – platelets; HGB – hemoglobin; 
GFR – glomerular filtration rate; T – tumor stage, N – lymph nodes 
involvement, ASA – American Society of Anesthesiologists physical status 
classification system; BMI – body mass index.

Table 4. Results of Cox regression to determine the association with 
overall survival (OS; multivariate analysis)

Parameter HR 95% CI p-value

Age 1.04 [1.01–1.07] 0.014

Serum creatinine 2.16 [1.19–3.93] 0.012

Serum hemoglobin 0.66 [0.56–0.78] <0.001

HR – hazard ratio; 95% CI – 95% confidence interval.

Table 5. Overall survival (OS) by T stage

Survival T2 T3 T4

One-year 83.0% 67.2% 58.6%

Two-year 72.3% 56.8% 44.3%

Three-year 68.0% 51.9% 39.9%

Four-year 60.5% 40.4% 35.9%
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The OS in patients without hydronephrosis was signifi-
cantly shorter in those with high serum creatine levels 
(log-rank test; p = 0.002; Fig. 4). There was no statistically 
significant difference in OS between patient groups of high 
and low serum creatine level diagnosed with hydronephro-
sis (Fig. 5; p = 0.54).

The presence of hydronephrosis is related to the severity 
of the disease. In the case of T3 and T4 disease, dilatation 
of the renal pelvis was observed in almost half of the pa-
tients (Fig. 6).

Fig. 5. Comparison of Kaplan–Meier survival curves between low- and 
high-creatinine groups in patients without hydronephrosis

Fig. 4. Comparison of Kaplan–Meier survival curves between low- and 
high-creatinine groups in patients with hydronephrosisFig. 2. Comparison of Kaplan–Meier survival curves between patients 

with or without hydronephrosis
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Fig. 3. A. Mean serum creatinine levels grouped by T (tumor stage);  
B. OS presented as Kaplan–Meier curves grouped by T (tumor stage)
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Discussion

While examining a group of patients undergoing cys-
tectomy, the objective was to find prognostic factors that 
would allow us to estimate the prognosis for patients with 
MIBC. The most important prognostic factor is the tu-
mor stage.1 Based on the analysis of survival in the study 
group, it was found that 60.5% of patients with T2 cancer 
survived 4 years, compared to 40.4% of T3 patients and 
35.9% of T4 patients. Patients with less advanced disease 
have better results (OS).

It was also shown that preoperative hemoglobin levels 
are associated with OS after CR, patients with lower hemo-
globin levels had a shorter survival time. Anemia reflects 
the failure of the sick organism.2 Advanced bladder cancer 
often infiltrates the bladder orifices of the ureters, causing 
hydronephrosis. The obstructed outflow of urine from 
the kidney leads to a reduction in the filtering capacity 
of the organ, which results in an increased concentration 
of creatinine. In the study group, more than 1/3 of pa-
tients had hydronephrosis observed during the pre-CR 
ultrasound examination. Uropathy is a negative prognostic 
factor, and the probability of four-year survival in a patient 
with hydronephrosis is lower than in a patient without hy-
dronephrosis (42.3% compared to 60.6%). Hydronephrosis 
is the result of the advancement of the disease.3

Survival probability analysis was performed for 2 groups: 
patients with and without hydronephrosis. In both groups, 
creatinine levels above the acceptable range were associ-
ated with a shorter OS. However, in the case of patients 
without hydronephrosis, the difference was greater and 
statistically significant (Fig. 4,5).

Creatinine is a product of creatine metabolism, which 
is produced in the liver. Creatine is transported to the or-
gans that use the most energy, mainly muscles. Creatine 
occurs mainly in a form of phosphocreatine (75%), a high-
energy compound that supplies adenosine triphosphate 
(ATP). About 2% of the creatine stored in the human body 

is converted into creatinine every day. Creatinine is the fi-
nal product excreted in the urine. Elevated blood creati-
nine levels indicate renal failure. Creatinine concentration 
depends on the muscle mass, hence the norm for men 
is higher than for women. In the elderly, decrease in muscle 
mass is observed, hence a reduced concentration of cre-
atinine. In the case of musculoskeletal dysfunction, a de-
creased serum creatinine concentration is also observed.4,5 
Increased creatinine concentration is also observed during 
intense exercise (that is, during high energy demand).6 
The correlation between elevated serum creatinine and 
increased mortality is unclear. Several hypotheses have 
emerged.

Elevated creatinine levels indicate renal failure, which 
has a negative effect on the body.7 There is evidence of in-
creased mortality in patients with cardiovascular disease 
(CVD) and renal failure. There are reports of increased 
mortality in patients with chronic kidney disease (CKD), 
suffering from diseases other than cardiovascular.8

At the end of 20th century, an association of OS with cre-
atinine levels in patients after CR was observed. The serum 
concentration of 1.5 mg/dL was adopted as the borderline 
value. In patients with elevated creatinine levels, the mean 
OS was 3 years, and in patients with levels below 1.5 mg/dL, 
it was 8.6 years.9

Initially, when looking for a relationship between renal 
failure and increased mortality, the borderline value of glo-
merular filtration rate (GFR) was 30 mL/min, then the limit 
was shifted to 60 mL/min. About 37% of patients are di-
agnosed with CKD before CR.10 Cao et al. observed that 
renal failure is associated with more frequent recurrences 
of urothelial carcinoma.11 In cancer patients, the presence 
of CDK may be due to long-term inflammation that leads 
to oxidative stress. As a result, renal vessels are damaged.12

Yang et al. conducted a study on 9,465 patients with 
newly diagnosed cancer. A significant relationship between 
renal failure and OS was found in gynecological and he-
matological neoplasms.13

Vulvar cancer is one of the cancers with proven increased 
mortality in patients with elevated creatinine levels. One 
of the hypotheses is that the increased energy demand 
of aggressive tumors leads to energy being obtained from 
phosphocreatine. Consequently, this increases the concen-
tration of creatinine in the blood serum.14 Neither of these 
hypotheses explains unambiguously the  mechanism 
of correlating CKD with mortality in patients after RC.

The main limitation of the work was its retrospective 
nature. The main problem was inconsistent medical docu-
mentation and difficult contact with the patients or their 
families. For this reason, the study group was significantly 
reduced. A prospective study would help to standardize 
the collected data. Due to the number of cystectomies 
performed in 1 hospital, a multicenter study should be 
performed to increase the study group and thereby the ac-
curacy of the analysis.

Fig. 6. Percentage of patients with hydronephrosis in different groups 
of cancer stage
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Conclusions

High mortality after cystectomy prompts the search for 
prognostic factors. According to the results of our study, 
serum creatinine has a statistically significant correlation 
with OS. Creatinine level seems to be a promising param-
eter. The prognostic value of elevated serum creatinine 
could be implemented in the nomograms to improve its 
accuracy. A prospective, multicenter, large cohort study 
should be conducted, which will allow us to assess cancer-
specific survival. Patients with elevated serum creatinine 
level should be treated with caution. Simple urinary diver-
sion should be considered to minimize the trauma associ-
ated with the surgery.
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Abstract
Background. Basal cell carcinoma (BCC) is the most frequent cancer worldwide in humans. The risk factors 
reported in the literature encompass excessive sun exposure, genetic predisposition, irradiation, exposure 
to arsenic, and trauma. The exact role of trauma in the etiology of BCC remains unexplained.

Objectives. To analyze patients with BCC treated surgically in the Dermatosurgery Unit, looking for possible 
cases of BCC secondary to trauma.

Material and methods. We performed a retrospective review all of treated BCCs in the Dermatosurgery 
Unit between January 2017 and June 2020.

Results. Among 1,832 patients with BCC, 5 (0.27%) tumors had a positive history of previous trauma. 
Many different types of injuries have been associated with oncogenesis in the area of the scar. The clinical 
presentations of lesions varied between the patients.

Conclusions. It is worth to underline that BCC may be located in the area of post-traumatic scar; however, 
the incidence seems to be lower comparing to reported previously (7.3–13%). This article illustrates the im-
portance of exclusion malignancy in every non-healing lesion. A neoplasm may be difficult to differentiate 
from infection or local ischemia in the area of the scar. Prudent management of all clinically unclear lesions 
should include a biopsy.

Key words: trauma, basal cell carcinoma, SCAR
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Introduction

Basal cell carcinoma (BCC) is the most commonly oc-
curring cancer in humans.1 It is characterized by a slow 
growth rate and local malignancy. The etiology of BCC 
evolution is multifactorial. Both genetic and environmen-
tal factors, as well as  immunological factors, influence 
the development of BCC. Excessive ultraviolet (UV) light 
exposure is the most significant carcinogen.2

It has been suggested that intense sun exposure during 
childhood and adolescence may be especially important 
for establishing adult risk for BCC. Additional risk factors 
for BCC include ionizing radiation, polycyclic aromatic 
hydrocarbons, arsenic exposure, and chronic immunosup-
pression.2 Previous skin trauma has been also suggested 
as a predisposing factor.2,3 However, the exact underlying 
mechanism leading to BCC formation within scars still 
remains unclear.1,3 The aim of this study was to analyze 
patients with BCC treated surgically in the Dermatosur-
gery Unit looking for possible cases of BCC secondary 
to trauma.

Material and methods

We performed a retrospective review of all excised and 
histologically confirmed BCCs in the Dermatosurgery Unit 
between January 2017 and June 2020. Medical records 
of these patients were evaluated for the presence of patients 
with BCC secondary to injury. The analysis revealed 5 cases 
of post-traumatic tumor. For each patient, the following 

data were extracted through manual search of medical 
charts: age of patients at the time of treatment, location 
of each lesion, tumor size, clinical presentation of the le-
sion, lesion growth, time interval between the trauma and 
the development of BCC, type of the previous injury, and 
postsurgical defect reconstruction method.

Results

Among 1,832 treated patients with BCC, 5 (0.27%) 
tumors had a positive history of previous trauma. Four 
out of our 5 patients were males and 1 patient was a fe-
male (Table 1). Their average age was 61.2 ±16.8 years. 
The scars were located on the face, upper limb and foot. 
Various types of previous injuries in our patients have 
been observed: physical tearing of the tissue due to a traf-
fic accident, burn, ulceration secondary to venous insuf-
ficiency, and even repeated trauma due to blood donation. 
None of these 5 wounds were originally closed surgically. 
The period of time from injury to tumor formation ranged 
between 5 and over 50 years. Different clinical manifes-
tations of BCCs were found in our study group (Fig. 1,2). 
Two lesions had typical pearl-like borders. The remain-
ing ones presented with sharply demarcated, irregular 
borders. The time from the onset of the first symptoms 
noticed by patients until the establishment of proper di-
agnosis varied from 1 to 4 years (with the median value 
of 3 years). Concerning the lifestyle habits, all patients 
were non-smokers, with average sun-exposure during 
the lifetime. One of the patients had concomitant diseases: 

Table 1. Demographic and clinical details of patients with BCC secondary to trauma

Case 
No.

Age 
[years] Sex Site of BCC

Dimensions 
of BCC 
[mm]

Clinical presentation 
of the lesion

Lesion 
(BCC) 

growth 
[years]

Type of previous 
injury

Interval 
between 

trauma and 
development 

of BCC

Type 
of surgical 
procedure

1. 59 male
right 

antecubital 
fossa

20 × 20
red solid nodule with 

teleangiectasia
4

microinjuries caused 
by repeated blood 

donation

15 years 
of blood 
donation

cut-and-taple

2. 64 male forehead 30 × 40

pearly pink lesion with 
rolled borders, multiple 
small ulcerations and 

telangiectasia

3 traffic accident
childhood 
(50 years)

full thickness 
graft from 
the right 

supraclavicular 
area

3. 86 male
dorsal 

surface 
of left foot

10 × 15
ulcerated lesion with crust 

on the top
1

previous ulceration 
due to trauma, 

diabetes and venous 
insufficiency 

5 years
full thickness 

graft from 
the right tight

4. 58 female right temple 20 × 20
depressed scariform plaque 

with sharply demarcated, 
irregular borders

2 traffic accident 20 years cut-and-staple

5. 39 male left arm 94 × 87

brightly erythematous 
lesion with slightly elevated 
rolled border, multiple small 
surface erosions and gentle 

scaling

3 boiling water burn
childhood 
(32 years)

cut-and-staple
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hypertension and type 2 diabetes mellitus. There was no 
history of long-term usage of the drugs in the analyzed 
group of patients. The details of all the patients are given 
in Table 1.

Discussion

Excessive sun exposure is a major factor contributing 
to the development of BCC. The non-ultraviolet factors 
reported in the literature include genetic predisposition, 
 irradiation, exposure to arsenic, and trauma.1,3 A relationship 
between BCC and various types of trauma has been  reported 
in analyzed published case reports: surgical incisions, sharp 
or blunt injuries, deep abrasions, puncture injuries, burns, 
and those caused by chickenpox or vaccination.4–9

The underlying pathomechanism of BCC secondary 
to trauma is still unexplained. Nevertheless, several theo-
ries have been proposed. Chronic irritation and misplace-
ment of epithelial cells have been suggested to promote 
tumor growth.5,10 Moreover, the imbalance of cytokines 
and growth factors in initiation of carcinogenesis in scar 
tissue has been theorized.11

To the best of our knowledge, only 2 retrospective stud-
ies of previous trauma as possible etiologic factor in BCC 
were conducted. Noodleman et al. presented the results 
of the retrospective analysis of 1,774 BCC patients.3 A his-
tory about previous injury was positive in 7.3% of the le-
sions. Özyazgan et al. analyzed 92 BCC cases and found 
that 13% of lesions were preceded by an earlier injury.1 
The abovementioned studies suggest that trauma may be 

a fairly common risk factor of BCC. However, there are 
only few publications focused on particular cases of post-
traumatic BCC. Our study seems to be one of the largest 
case series of BCC developed in the area of scar.

Trauma-related BCC was more frequently seen in men 
and younger patients.3 In our study, the average age was 
61.2 ±16.8 years, while the average age of all our patients 
with BCC, treated at the same time period (last 3 years) 
was 70.5 ±13.7 years (unpublished data). This may sug-
gest the younger age of trauma-related BCC occurrence. 
Wound healing by secondary intention has been men-
tioned as the most important etiological factor. In the se-
ries of cases reported by Ünverdi et al. each BCC developed 
from a wound which had healed with secondary intention.5 
Morpheaform BCC was detected more frequently in pa-
tients with a previous injury than in the other patients. 
It was proven that BCCs arising in scars do not present 
more aggressive biological behavior.1

Conclusions

In conclusion, it is worth underlining that BCC may be 
located in the area of post-traumatic scar. The clinical 
manifestation of those tumors varies between the patients. 
Increased surveillance of chronic wounds is very impor-
tant. Their impaired healing seems to be a major risk factor 
for trauma-related BCC. Patients may postpone their visit 
to a specialist if they relate the appearance of the lesion 
with primary injury. For that reason, they should be alert 
to any new changes of the scar.

Fig. 1. Patient No. 3 

BCC secondary to trauma presenting as ulcerated lesion with crust 
on the top.

Fig. 2. Patient No. 4 

BCC secondary to trauma presenting as depressed plaque with sharply 
demarcated, irregular borders.
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Abstract
Background. Acute kidney injury (AKI) is a common feature in adults undergoing allogeneic hematopoietic 
stem cell transplantation (alloHSCT). However, accurate assessment of AKI incidence in the pediatric popula-
tion still seems a challenge.

Objectives. To evaluate the incidence of AKI according to the pRIFLE criteria in children undergoing alloHSCT, 
with special focus on differences between patients transplanted due to oncological and non-oncological 
indications.

Material and methods. A retrospective analysis of data, concerning 135 children undergoing alloHSCT due 
to oncological (89 patients) or other (46 patients) reasons, was performed. The values of estimated glomerular 
filtration rate (eGFR) were measured before alloHSCT, 24 h after, 1, 2, 3, 4, 8 weeks, 3 and 6 months after 
alloHSCT, and the AKI incidence was analyzed.

Results. Acute kidney injury was diagnosed in 54% of all patients. The Risk stage (R) was noticed at least 
once in 46% of oncological and 37% of non-oncological children. The Injury stage (I) concerned 12% of on-
cological and 6% of non-oncological patients undergoing alloHSCT. The incidence of AKI in both groups was 
comparable. The mean eGFR values in oncological children were higher than those in the non-oncological 
patients even before transplantation and until the 4th week after alloHSCT. The eGFR increased significantly 
in all patients 24 h after alloHSCT and returned to pre-transplantation records after 2–3 weeks. Then, onco-
logical patients demonstrated a gradual decrement of eGFR. Six months after transplantation, eGFR values 
in oncological children were significantly lower compared to pre-transplantation records, whereas in non-
oncological children, these values were comparable.

Conclusions. Although the type of indication for alloHSCT has no impact on the AKI incidence, children 
undergoing alloHSCT due to oncological reasons are at greater risk of renal impairment 6 months after 
transplantation than non-oncological patients.

Key words: acute kidney injury, estimated glomerular filtration rate, hyperfiltration, pRIFLE criteria
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a rec-
ognized treatment method in children, and the indications 
for it are being constantly expanded.1–4 The pediatric popu-
lation undergoing HSCT is unique in that a substantial 
number of patients require transplantation as a therapeutic 
tool against inborn anomalies. Thus, apart from dominat-
ing oncological reasons, there is a growing number of non-
oncological indications for HSCT in children, such as aplas-
tic anemia, immunodeficiencies or metabolic diseases.1,3 
Aggressive therapy is associated with the occurrence of nu-
merous side effects and the development of life-threatening 
complications.5–8 In the early post-transplantation period, 
management of opportunistic infections and symptoms as-
sociated with graft-versus-host disease (GVHD) constitute 
the main issue. Moreover, the majority of the transplanta-
tion-related conditions, including GVHD, hypertension, 
sepsis, or drug nephrotoxicity, compose the list of risk fac-
tors for acute kidney injury (AKI).9

In the light of these findings, AKI in pediatric patients 
undergoing HSCT seems to be an underestimated problem. 
Multicenter analyses, concerning all children hospitalized 
due to AKI, have shown that HSCT patients constitute 
the most numerous group among them.10 World reports 
also show alarming data on up to 34% of HSCT patients 
in whom AKI turns into chronic kidney disease.11,12

So far, there have been few publications attempting to as-
sess the scale of kidney damage in children undergoing he-
matopoietic stem cell allotransplantation (alloHSCT).13,14 
A systematic review, performed in Australia, has reported 
the incidence of AKI in children after HSCT as between 
11% and 42%, based on changes in absolute serum cre-
atinine values or decrease in diuresis.15 American data 
indicate a significantly higher incidence of AKI (up to 84%), 
based on the pediatric (p)RIFLE criteria defining subse-
quent stages of acute kidney injury (Risk, Injury, Failure, 
Loss of function, End stage kidney disease).16 The latter 
seem to be a more suitable way of AKI evaluation in chil-
dren, because they take into account the eGFR variability 
instead of serum creatinine absolute values, which strongly 
depend on muscle mass and hydration status.17

However, none of these reports took into account the pe-
diatric specificity of patients qualified for HSCT, nor com-
pared the subpopulations of patients transplanted due 
to oncological and non-oncological reasons.

Objectives

Therefore, the  objective of  the  study was to  assess 
the AKI incidence based on the pRIFLE criteria in chil-
dren undergoing alloHSCT in the early, intermediate and 
late post-transplantation period, with distinction between 
children transplanted because of oncological and non-
oncological reasons.

Material and methods

A retrospective analysis concerned medical records 
of 178 patients undergoing first (173 children) or next 
(5 patients) alloHSCT in the Department of Bone Mar-
row Transplantation, Pediatric Oncology and Hematol-
ogy (Wroclaw Medical University, Poland) in the years 
2016–2018. The observation period started before intro-
ducing conditioning therapy, then control examinations 
were performed in the early (after 24 h, and then after 1, 2, 
3 and 4 weeks), intermediate (after 8 weeks and 3 months) 
and late (after 6 months) post-transplantation period.

The exclusion criteria for the patients were the age be-
low 2 years and over 18 years. The patients’ age varied 
from 1.5 months to 26 years. One hundred thirty-five out 
of 178 children (78 boys and 57 girls) met the age crite-
ria (mean age: 8.27 ±5.14 years). They were divided into 
2 groups according to the indications for allotransplanta-
tion: oncological or other.

The 1st group consisted 89 patients (53 boys, 36 girls; 
mean age: 9.84 ±4.34 years) qualified for transplantation 
due to oncological reasons. The detailed indications are 
given in Fig. 1. Forty-five percent of these patients were 
classified as a high-risk group according to specific treat-
ment protocols, while 22% experienced recurrence. A to-
tal of 17% of children underwent alloHSCT as a standard 
intervention, consistent with the primary disease proto-
col; the rest underwent transplantation due to the failure 
of previous therapy. In 71% of cases, the donor was unre-
lated, in 23% – related and in 6% – haploidentical.

The 2nd group included 46 patients (25 boys, 21 girls; 
mean age: 9.16 ±4.78 years) who underwent alloHSCT 
following non-oncological indications, listed in  detail 
in Fig. 2. A total of 72% of children underwent alloHSCT 
from an unrelated donor, 24% from a related donor and 
4% from a haploidentical donor.

The  serum creatinine concentrations were assessed 
in the fixed time points according to the hematological 

Fig. 1. Quantity of patients with oncological indications for alloHSCT

HD – Hodgkin disease; NBL – neuroblastoma, CML – chronic myeloid 
leukemia; JMML – juvenile myelomonocytic leukemia; NHL – non-
Hodgkin disease; AML – acute myeloblastic leukemia; ALL – acute 
lymphoblastic leukemia.
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protocols: before conditioning, 24 h after allotransplanta-
tion, and then 1 week, 2, 3, 4, 8 weeks, and 3 and 6 months 
after alloHSCT. The creatinine concentration was mea-
sured using modified Jaffé method and eGFR was calcu-
lated based on the Schwarz formula.18 The eGFR changes 
were confronted with the pre-transplantation values.

In the majority of patients, conditioning therapy was 
myeloablative (busulfan, cyclophosphamide and fluda-
rabine or fludarabine, treosulfan, thiotepa); the minor-
ity followed the non-myeloablative (cyclophosphamide, 
fludarabine) regimen. The protocol of prophylaxis against 
GVHD contained pre-HSCT ATG, cyclosporine A from 
1 day before HSCT and methotrexate given in the 1st, 3rd 
and 6th day after transplantation. Ninety-eight out of 135 
(69% of oncological and 77% of non-oncological) patients 
developed GVHD.

Acute kidney injury was diagnosed based on the pRI-
FLE criteria.17 Hyperfiltration was defined according to 
recent pediatric guidelines and meta-analysis as eGFR 
≥ 140 mL/min/1.73 m2.19,20

Continuous variables were reported as mean ± standard 
deviation (SD), and categorical variables as frequencies 
and percentages. The comparisons of continuous variables 
were performed with analysis of variance (ANOVA) and 
Student’s t-test. The relations between categorical vari-
ables were tested with χ2 test or Fisher’s exact test. A value 
of p < 0.05 was considered significant. All calculations were 
carried out with the use of STATISTICA v. 13.3 (StatSoft 
Inc., Tulsa, USA).

All procedures were performed in  accordance with 
the 1964 Declaration of Helsinki and its further amend-
ments. The retrospective waiver of consent was obtained 
from the University Hospital ethical committee.

Results

Patients undergoing alloHSCT due to oncological rea-
sons were more numerous than those transplanted because 
of non-oncological conditions. The mean eGFR values were 
above 90 mL/min/1.73 m2 in all patients before transplanta-
tion, independent of the underlying disease (Fig. 3,4). None 
of the patients presented with eGFR < 60 mL/min/1.73 m2 
before alloHSCT. The peak eGFR values were observed 
1 day and 1 week after alloHSCT in both groups (Fig. 3,4). 
Then, they returned to those observed before the treat-
ment after 1  week (non-oncological patients) or  after 
2 weeks (oncological patients). From that turning point, 
mean eGFR in oncological children remained lower than 
before alloHSCT and decreased significantly at each time 
point from the 4th week until the 6th month of observation 

Fig. 2. Quantity of patients with non-oncological indications for alloHSCT

MPS t. 1 – mucopolysaccharidosis type 1; CVID – common variable 
immunodeficiency; WAS – Wiskott–Aldrich syndrome; SCID – severe 
variable immunodeficiency; HLH – hemophagocytic lymphohistiocytosis; 
MDS – myelodysplastic syndrome; SAA – severe aplastic anemia.
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Fig. 3. The values of estimated glomerular filtration rate (eGFR) 
in oncological patients

before – before alloHSCT; directly after – 24 h after alloHSCT; 1w – 1 week 
after alloHSCT; 3m – 3 months after alloHSCT; a – p < 0.05 any time point 
compared to before alloHSCT; b – p < 0.05 8 weeks compared to 4 weeks 
after alloHSCT; c – p < 0.05 3months compared to 8 weeks after alloHSCT; 
d – p < 0.05 6 months compared to 3 months after alloHSCT.
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Fig. 4. The values of estimated glomerular filtration rate (eGFR) in non-
oncological patients

before – before alloHSCT; directly after – 24 h after alloHSCT;1w – 1 week 
after alloHSCT; 3m – 3 months after alloHSCT; a – p < 0.05 any time point 
compared to before alloHSCT.
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(Fig. 3). Contrarily, mean eGFR in non-oncological patients 
remained stable and comparable to pre-transplantation 
records, from the 3rd week until the 6th month of follow-up 
(Fig. 4).

The incidence of AKI at subsequent time points before 
and after alloHSCT varied with time (Table 1). In the en-
tire time interval (0–6 months after transplantation), 54% 
of patients demonstrated the features of AKI according 
to the pRIFLE criteria. The risk stage (R) appeared at least 
once in 58 patients (41 oncological and 17 non-oncological) 
and the injury stage (I) in 14 patients (11 oncological and 
3 non-oncological). The biggest number of AKI episodes 
was noticed 8 weeks after alloHSCT and the R incidence 
was then significantly higher in oncological than in non-
oncological patients (χ2 = 4.5; p = 0.034). None of the pa-
tients experienced the failure stage (F) with eGFR decrease 
exceeding 75%.

After 6 months, oncological patients demonstrated sig-
nificantly diminished eGFR values compared to the pre-
transplantation records, whereas in  non-oncological 
children these values were comparable (Fig. 3,4). In 12 chil-
dren, eGFR values varied between 60 mL/min/1.73 m2 and 
89 mL/min/1.73 m2, whereas in 2 patients eGFR dropped 
below 60 mL/min/1.73 m2.

During the observation period, 10 patients died (0.7%). 
One death was a direct consequence of allotransplantation 
(20 days after HSCT), while the remaining ones were as-
sociated with late, non-nephrological complications. None 
of the patients, observed for up to 6 months, required renal 
replacement therapy.

Discussion

The incidence of AKI throughout the 6-month observa-
tion period in our study group was as high as 54%. Our data 
are concordant with the estimations performed by other 
authors, stressing the importance of renal function follow-
up in the post-HSCT period.13,15,16

Indeed, the post-HSCT renal dysfunction is a well-docu-
mented phenomenon among adult patients, analyzed from 

the perspectives of AKI incidence, other comorbidities, 
long-term outcome, and mortality.21 Recent meta-analysis 
proved that, despite progress in diagnosing AKI, its inci-
dence in adults remains high and affects more than 50% 
of patients undergoing HSCT.22 However, analyses in pe-
diatric patients concentrated rather on the impact of AKI 
on overall mortality or long-term prognosis than on as-
pects of early renal dysfunction and its consequences.13–16

The higher incidence of AKI among patients after allo-
transplantation compared to autotransplantation is also 
well-known and has justified our decision to concentrate 
on children undergoing alloHSCT.22,23 The pediatric speci-
ficity gave us a unique opportunity to confront the 2 sub-
populations – those with the flagship oncological reason 
for HSCT with those who had indications like immune 
deficiencies and inborn metabolic disorders, non-existent 
in adult patients qualified for HSCT. We have reported 
the preponderance of children transplanted due to on-
cological reasons over those treated with HSCT because 
of non-oncological indications. The evaluation of AKI in-
cidence in the whole group revealed that R was diagnosed 
over 4 times more often than I. In detail, R concerned 43% 
of all children after alloHSCT (46% of oncological and 
37% of non-oncological patients), whereas I affected 10% 
of the whole studied group (12% of oncological patients 
and less than 1% of non-oncological patients). Despite 
discrepancies in the number and percentage of patients 
affected by R or I between 2 subgroups, these differences 
reached statistical significance at only 1 time point. Eight 
weeks after transplantation, the R incidence was higher 
among oncological patients compared to non-oncological 
children.

The pattern of fluctuations in the AKI incidence also 
seemed similar in both groups. The number of R patients 
peaked between the  4th and 8th week after alloHSCT 
( irrespective of the analyzed group), then stabilized (non-
oncological) or even diminished (oncological) until the 6th 
month of observation. Patients classified to I were clinically 
significant in number only in the oncological population 
3 months after alloHSCT. Otherwise, single cases were 
noticed throughout the whole observation period.

Table 1. Incidence of acute kidney injury in examined patients

Pediatric(p)RIFLE
criteria

1 day after 
alloHSCT

1 week 
after 

alloHSCT

2 weeks 
after 

alloHSCT

3 weeks 
after 

alloHSCT

4 weeks 
after 

alloHSCT

8 weeks 
after 

alloHSCT

3 months 
after 

alloHSCT

6 months 
after 

alloHSCT

Oncological 
patients

Risk
(↓ eGFR > 25%)

1
(1.1%)

0
7

(7.9%)
13

(14.6%)
16

(18.0%)
31

(34.8%)
21

(23.6%)
18

(20.2%)

Injury
(↓ eGFR > 50%)

1
(1.1%)

0
1

(1.1%)
1

(1.1%)
0

2
(2.2%)

6
(6.7%)

0

Non-oncological 
patients

Risk
(↓ eGFR > 25%)

0
1

(2.2%)
4

(8.9%)
3

(6.7%)
9

(20.0%)
8

(17.8%)
8

(17.8%)
5

(11.1%)

Injury
(↓ eGFR > 50%)

1
(2.2%)

0 0 0 0
1

(2.2%)
1

(2.2%)
0

eGFR – estimated glomerular filtration rate; alloHSCT – allogenic hematopoietic stem cell transplantation.
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The similar overall AKI incidence and its fluctuations 
during observation period in both groups may result from 
the fact that there were no significant differences in treat-
ment regimens or severity of complications between on-
cological and non-oncological patients. The vast majority 
of children followed myeloablative protocols and similar 
GVHD prophylaxis. The incidence of GVHD or infections 
did not differ between the subgroups.

However, the abovementioned similarity in both sub-
groups stayed in contrast with the parameters of renal 
function. The eGFR values and the incidence of hyperfil-
tration were significantly higher in oncological compared 
to non-oncological patients. Hyperfiltration is a recog-
nized condition in children with malignancies, increas-
ing in frequency with subsequent cycles of chemotherapy 
and connected with the patients’ hypermetabolic state.24 
The routine procedures during first 3 weeks after HSCT, 
like intravenous nourishment and additional fluid intake 
at the amount of 3 L/m2/day with subsequent administra-
tion of diuretics if needed, may add to already increased 
eGFR values. Indeed, in our patients a significant eleva-
tion of eGFR values was detected 24 h and one week after 
alloHSCT.

Therefore, the eGFR discrepancy between oncological 
and non-oncological patients, persisting only until the 4th 
week after the procedure, was aggravated by iatrogenic 
interventions. When intravenous supplementation was 
ceased, the  tendency reversed and from the  8th week 
 after alloHSCT eGFR values were similar in both groups. 
 However, an alarming trend appeared from the 4th week 
after alloHSCT. The eGFR values in oncological patients 
decreased systematically until the 6th month of observa-
tion. Such a result may suggest possible long-term renal 
function deterioration, but longer observation is needed 
to confirm this hypothesis.

Our study has limitations. This retrospective report con-
tained data collected according to hematological protocols. 
Therefore, a few nephrological aspects are missing, such 
as urine output or cystatin C measurements. Both groups 
were heterogeneous, especially in the case of non-onco-
logical patients. The majority of patients were followed up 
regularly only until the 3rd month after alloHSCT; some 
of them were then transferred to the hematological centers 
near home. Thus, the analysis longer than 6 months was 
not possible.

Conclusions

The AKI incidence in children undergoing alloHSCT 
is independent of indication for this procedure, whereas 
eGFR values seem conditioned by previous chemotherapy 
in oncological patients. Children undergoing alloHSCT 
due to oncological reasons are at a greater risk of renal 
dysfunction 6 months after transplantation than the popu-
lation with non-oncological indications for this therapy.
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Abstract
Background. Immunological rejection is one of the problems in corneal transplantation. Recently, some 
research found out that soluble programmed death protein-1 (sPD-1) and soluble programmed death ligand 
protein-1 (sPD-L1) play a significant role in immunologic suppression.

Objectives. To explore expression of sPD-1 and sPD-L1 in a penetrative corneal transplantation model 
and its relationship with transplant rejection.

Material and methods. Autologous corneal transplantation rat models and allogeneic corneal trans-
plantation rat models were used as the control group and the experimental group, respectively. Changes 
of the transplanted grafts were observed under a slit-lamp microscope. Hematoxylin-eosin (H&E) staining was 
applied to examine the histopathological features of the corneal grafts. Flow cytometry was used to analyze 
CD4+CD25+Treg in the serum and spleen. The sPD-1, sPD-L1, interleukin-10 (IL-10) and interleukin-4 (IL-4) 
levels in serum and the aqueous humor of the rats were detected using enzyme-linked immunosorbent 
assay (ELISA).

Results. After the operation, no transplant rejection occurred in the control group. Flow cytometry results 
showed that expressions of CD4+CD25+Treg in serum in the experimental group were lower than those 
in the control group (p < 0.05). The ELISA results showed that after the operation, sPD-1 and sPD-L1 ex-
pression levels in serum in the experimental group were higher than in the control group (all p < 0.05). 
After the operation, lL-10 and IL-4 content in serum in the experimental group was lower than in the control 
group (all p < 0.05). The sPD-1/sPD-L1 ratio in the experimental group was higher than in the control group.

Conclusions. Increases of sPD-1 content and decreases of CD4+CD25+Treg, IL-10 and IL-4 levels may be 
involved in corneal allograft rejection. Dynamic detection of the content of sPD-1 and sPD-L1 in serum 
and aqueous humor after the operation would help in understanding the local immune response in a clinical 
setting and predicting the occurrence of corneal graft rejection.
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Introduction

Various ocular surface diseases and traumatism can 
cause irreversible corneal blindness, and corneal trans-
plantation is the most important way of restoring sight. 
Although the success rate of transplantation operations 
is high, immunological rejection is still a  leading cause 
of corneal transplantation failure.1,2 Immunosuppressors 
are used in clinical practice and have shown remarkable 
results. However, the  high price and  obvious toxicity 
of immunosuppressors, as well as their side effects, limit 
the long-term use of immunosuppressors. Hence, in recent 
years, more attention has been paid to how to suppress 
corneal transplant rejection and prolong the survival time 
of corneal grafts by inducing transplant graft tolerance. 
Much evidence has shown that activating the T lympho-
cyte requires co-stimulatory signals, which can help suc-
cessfully induce transplant graft tolerance in transplan-
tation immunity.3,4 Programmed death protein-1 (PD-1) 
and programmed death ligand-1 (PD-L1) are important 
negative pathways for regulating the T lymphocyte.5,6 

CD4+CD25+Treg has immunosuppressive effects, plays 
a crucial role in suppressing the immune response, and can 
enhance immune tolerance by suppressing responding 
T cells.7,8 Research has shown that the PD-1/PD-L1 pathway 
plays an important part in balancing CD4+CD25+Treg au-
toimmunity and negatively regulating transplant rejection.9 
Programmed death protein-1 and PD-L1 exist in mem-
brane and soluble forms, namely soluble programmed death 
protein-1 (sPD-1) and soluble programmed death ligand-1 
(sPD-L1).10 Programmed death ligand-1 is a significant 
factor for corneal immune-privileged status, which can 
prevent the occurrence of transplant rejection.11 In addi-
tion, it has been reported that excessive sPD-1 leads to im-
munologic injury by blocking the PD-1/PD-L1 pathway.12 
In other words, expression of sPD-1 may increase corneal 
transplant rejection by restraining the PD-1/PD-L1 sig-
nal. Some studies have indicated that the CD4+CD25+Treg 
cell is related to successful allotransplantation and expres-
sion of Foxp3 on the CD4+CD25+Treg cell is one of the vi-
tal factors for  corneal allograft survival.13,14 However, 
research on  the  functions and  relationships of  sPD-1/
sPD-L1, CD4+CD25+Treg and correlating factors in cor-
neal transplantation immunity is still rare. This research 
would establish penetrative corneal transplantation models 
in rats and primarily explore their functions and relations 
in transplant rejection after corneal transplantation.

Material and methods

Experimental animals

Thirty healthy female Sprague Dawley (SD) rats were 
used as donors and 70 female Wistar rats as receptors. 
All rats were clean, 6–8-weeks old, weighed 180–220 g, 

and  were provided by  the  Animal Experiment Center 
of Southern Medical University (Kanton, China)

The rats were divided into 2 groups. The control group,  
used 60 Wistar rats as donors and receptors to conduct au-
tologous corneal transplantation. In the experimental group 
allogeneic corneal transplantations were performed that in-
cluded 30 SD donor rats and 60 receptor Wistar rats.  Another 
10 Wistar rats were used to detect preoperative values. This 
research was examined and approved by the Southern Medi-
cal University Ethics Committee. All procedures were per-
formed and animals were cared for and treated in accordance 
with the policies of the Association for Research in Vision 
and Ophthalmology Department for the Use of Animals 
in Ophthalmic and Vision Research.

Reagents

Fluorescent monoclonal antibodies Anti-Rat CD25 per-
CP-eFluor® 710 and Anti-Rat CD4 FITC were bought from 
 Affymetrix eBioscience (Thermo Fisher Scientific, Waltham, 
USA). Enzyme-linked immunosorbent assay (ELISA) kits 
for interleukin-10 (IL-10), interleukin-4 (IL-4), PD-1, and 
PD-L1 were bought from Sango Biotech (Shanghai, China).

Experimental methods and steps

Establishing allogeneic corneal transplantation models

According to the method described by Williams et al., 
binoculus corneas were taken from all donor rats; receptor 
rats were operated on their right eyes.15 Donors and recep-
tors were injected with 10% chloral hydrate (35–42 mg/kg) 
intraperitoneal injection of anesthesia and received 5% hy-
drochloric acid, proparacaine eye drops and compound trop-
icamide eye drops 3 times each 15 min before the operation. 
The whole operation was conducted aseptically with sterile 
drapes under a microscope. First, the corneal grafts of donor 
SD rats were taken with a 3.3-mm trephine and placed into 
a Petri dish under the protection of viscoelastic sodium hyal-
uronate. A right-eye implant bed for receptors was made with 
a 3.0-mm trephine. Viscoelastic sodium hyaluronate was 
injected during the operation to maintain anterior chamber 
depth. Grafts were placed on the implant bed and 8 interrupt-
ed stitches were sutured with a 10-0 nylon suture without em-
bedding thread residue. After the operation, a proper amount 
of balanced salt solution was injected into the anterior cham-
ber and levofloxacin eye ointment was applied in the con-
junctival sac. The eyelid was sutured with a 5-0 silk thread 
and the stitches were removed 1 day after the operation.

Establishing autologous  
corneal transplantation models

Corneal grafts of the Wistar rats were taken with a 3.0-
mm trephine and rotated about 180°. Eight interrupted 
stitches were sutured with a 10-0 nylon suture in situ. 
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The following steps were the same with allogeneic corneal 
transplantation models.

Observing immunological rejection  
after corneal transplantation

The corneal grafts in each group were observed under 
a slit-lamp microscope and records were made of the trans-
parency, angiogenesis growth condition and rejection re-
sponse, starting 1 day after the operation. The observation 
period was 28 days, once a day. Once such ocular complica-
tions as graft infection, hyphema, loss of anterior chamber, 
and anterior synechia occurred because of the operation 
and other factors, the rat would be removed and replaced. 
According to the scoring criteria of Larkin et al.,16 scores 
would be given considering the opacification, edema and an-
giogenesis of the corneal grafts. Rejection index (RI) was 
calculated by adding up the scores of all 3 indexes. The re-
jection exits were defined when RI > 5 or the opacification 
of the corneal graft score reached 3.

Histopathological examination

Two receptor rats in  each group were killed 3  days, 
7 days, 14 days, 4 weeks, and 8 weeks after the operation, 
respectively. The whole cornea was cut off from the self-
limbal grafts and the corneal tissue was fixed in 10% para-
formaldehyde solution to receive conventional dehydrating 
and paraffin embedding. Hematoxylin-eosin (HE) staining 
and optical microscopy were used in the histopathological 
examination.

Flow cytometry detection

Four receptor rats in each group were killed 3 days, 7 days, 
14 days, 4 weeks, and 8 weeks after the operation, respec-
tively. Anti-clotting serum and spleen cell suspension were 
detected in sterile conditions with flow cytometry. Anterior 
chamber aqueous humor was taken for the ELISA detection.

Enzyme-linked immunosorbent assay

Six receptor rats in each group were killed 3 days, 7 days, 
14 days, 4 weeks, and 8 weeks after the operation, respec-
tively. Serum and anterior chamber aqueous humor were 
taken in  sterile conditions. The  sPD-1, sPD-L1, IL-10, 
and  IL-4 concentration levels were detected in  serum 
and anterior chamber aqueous humor.

Statistical methods

The experimental data was expressed as x ±s and ana-
lyzed with SPSS v. 20.0 software (IBM Corp., Armonk, USA). 
Survival rates of the corneal grafts were analyzed with Ka-
plan-Meier survival curves. The independent samples t-test 
was used to compare the detection results in both groups. 

A nonparametric rank-sum test was used when non-normal 
distributions of unequal variances occurred. The data was 
considered statistical significant when p < 0.05.

Results

Postoperative slit-lamp microscope 
observation and comparison  
of graft survival time

The comparison of graft survival time is shown in Fig. 1. 
In the experimental group, 3 days after the operation, there 
was a slight edema and opacity on the cornea and limbus 
cornea vessels dilated, while the cornea obviously thick-
ened, and hydrops and opacity increased, with new blood 
vessels sprouting on day 7. Fourteen days after the opera-
tion, corneal graft edema worsened while the grafts thick-
ened and bulged outwards. In addition, opacity of the cor-
nea became apparent with the iris blurred, and new blood 
corneal vessels developed and embedded into the grafts. 
Four  weeks after the  operation, corneal graft edema 
lightened; grafts thickened and bulged outwards; corneas 
stayed turbid; new blood corneal vessels grew near the cen-
ter. Eight weeks after the operation, corneal grafts showed 
little edema and were overgrown by new blood vessels; 
pupils could be indistinctly detected; stitches loosened 
and came off to different extents (Fig. 1A).

In the control group, 3 days after the operation, there 
was a  situation similar to  that in the  experimental 
groups and the iris was visible. After 7 days, there was 
a slight edema in corneal grafts while the iris was visible 
and the limbus cornea vessels were dilated. After 14 days, 
corneal graft edema disappeared and the iris vessels were 
visible. Four weeks after the operation, there was no ap-
parent edema, thickening and opacity of the corneal grafts, 
and a small number of new blood vessels occurred around 
the stitches. Eight weeks after the operation, corneal grafts 
and  the  iris could be observed. Additionally, a  small 
number of new blood vessels formed around the stitch-
es (Fig. 1B). The survival rates of the grafts are shown 
in Fig. 2. After the operation, the corneal graft survival 
rate in the control group remain stable. Unlike the control 
group, the average survival time between the corneal grafts 
in the experimental group was 13.1 ±2.2 days. The differ-
ence between the corneal graft survival curves was statisti-
cally significant (ts = 21.026, p = 0.000).

Histopathological examination

The histopathological features were different between 
the experimental group and the control group after the op-
eration (Fig. 3). In the experimental group, after the opera-
tion, the stroma collagen fiber structure of the corneal grafts 
was arranged chaotically and  proliferated. In  addition, 
not only the new blood vessels appeared over the corneal 
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periphery, but also spongiform and disintegrating appeared 
on the epithelial grafts. Additionally, a lot of inflammatory 
cells were infiltrated after the operation. However, com-
pared to the experimental group, no obvious thickening 
of the corneal grafts occurred in the control group. Addi-
tionally, the stroma collagen fiber structure was basically ar-
ranged orderly. Only a small amount of inflammatory cells 
was infiltrated. No obvious new blood vessels had formed.

Detection results of flow cytometry

The  expression level of  CD4+CD25+Treg in  the  se-
rum and spleen is shown in Fig. 4. The expression level 
of CD4+CD25+Treg in serum in the control group decreased 

Fig. 1. Postoperative slit-lamp observation results. A. The results showed the change of cornea and limbus cornea vessels in the experimental group within 
3 days, 7 days, 14 days, 4 weeks, and 8 weeks after the operation. The corneal graft has slight edema in 3d after the operation and new blood vessels sprouted 
on the 7th day. Edema worsened in 14 days and in 8 weeks edema was reduced; B. After the operation in the control group, corneal graft edema disappeared 
within 14 days after the operation. There were few new blood vessels generated. The difference of corneal graft survival curves is statistically significant (ts = 21.026, 
p = 0.000).

Fig. 3. Comparison of histopathological features between 
the experimental group and control group 

After the operation, the stroma collagen fiber structure of the corneal 
grafts ranked irregularly in the experimental group while it was 
arranged orderly in the control group. New blood vessels, spongiform 
and disintegrating can be observed in the experimental group. There was 
no significant change in the control group.

Fig. 4. Expression level of CD4+CD25+Treg in serum and spleen 

The CD4+CD25+Treg cell expression levels in serum and the spleen in the 
experimental group were all higher than in the control group (all p < 0.05).

Fig. 2. The results show the comparison of survival rates of the corneal 
graft between the control group and experimental group 

The survival rate of the corneal graft in the experimental group decreased 
as time increased. The survival rate of the corneal graft in the control 
group remained unchanged
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to its lowest point at day 3 and began increasing gradually. 
It exceeded the preoperative value after 7 days and reached 
a peak 8 weeks after the operation. In the experimental 
group, the expression level of CD4+CD25+Treg in serum 
started to fall 3 days after the operation, dropping below its 
preoperative value. It declined to its lowest level after 14 days 
and then gradually increased to a peak 8 weeks after the op-
eration. CD4+CD25+Treg content in serum in the experi-
mental group was higher than in the control group at each 
time point after the operation. The group difference was 
statistically significant (t = 5.564, 6.722, 7.667, 5.869, 4.954; 
p = 0.001, 0.001, 0.000, 0.001, 0.003). In both groups, the ex-
pression level of CD4+CD25+Treg in the spleen immediately 
increased 3 days after the ope ration. In the control group, 
it gradually rose from day 14 and reached a peak 4 weeks 
after the operation. The expression level of CD4+CD25+Treg 
was higher than the preoperative value. In the experimen-
tal group, the expression level of CD4+CD25+Treg started 
to decrease after 7 days and reached its lowest point 14 days 
after the operation. The expression level of CD4+CD25+Treg 
in the spleen in the experimental group was prominently 
lower than in the control group. The group difference was 
statistically significant (t = 11.885, 5.461, 8.469, 4.407, 3.323; 
p = 0.000, 0.002, 0.000, 0.005, 0.016).

Expression level of sPD-1

In the experimental group, the expression level of sPD-1 in se-
rum started to increase 3 days after the operation, reached its 
highest point after 14 days and gradually decreased to its lowest 
point, reaching 8 weeks after the operation. The sPD-1 content 
was higher than the preoperative value at each time point after 
the operation. In the control group, the expression level of sPD-1 
in serum was lower than the preoperative value at each time 
point, except on the 3rd day after the operation, and reached 
its lowest point 8 weeks after the operation. The expression 
level of sPD-1 in serum in the experimental group was promi-
nently higher than in the control group. The group difference 
was statistically significant (t = 2.399, 3.013, 4.574, 2.921, 2.817; 
p = 0.037, 0.013, 0.001, 0.015, 0.018). Similarly, the expression 
level of sPD-1 in the experimental group in aqueous humor 
immediately increased after 3 days, reached a peak 14 days af-
ter the operation and started to decrease afterwards. The ex-
pression level of sPD-1 was higher than the preoperative value. 
In the control group, it reached a peak 3 days after the operation 
and gradually decreased. The expression level of sPD-1 in the ex-
perimental group was prominently higher than in the control 
group at each time point after the operation. The group differ-
ence was statistically significant (t = 2.409, 2.964, 4.128, 2.375, 
2.403; p = 0.037, 0.014, 0.002, 0.039, 0.037) (Fig. 5A).

Expression level of sPD-L1

In both groups, the expression level of sPD-L1 in serum de-
creased 3 days after the operation, while it began to increase 
gradually in the control group. In the experimental group, 

it was gradually reduced to its lowest point, reaching it 14 days 
after the operation, and then slightly increased. The expres-
sion level of sPD-L1 in serum in the experimental group was 
lower than in the control group at each time point after the op-
eration. Only the group difference 14 days after the operation 
was statistically significant. In the control group, the expres-
sion level of sPD-L1 in aqueous humor immediately decreased 
on the 3rd day after the operation and gradually increased 
afterwards. In the experimental group, the expression level 
of sPD-L1 began to decrease on the 3rd day, reached its lowest 
point 14 days after the operation and then started to increase 
gradually. The expression level of sPD-L1 in aqueous humor 
in the experimental group was lower than in the control group 
at each time point after the operation; however, the group 
difference was not statistically significant (Fig. 5B).

Expression level of interleukin-10

In both groups, IL-10 content in serum decreased to its low-
est point 14 days after the operation and gradually  increased 
afterwards. The expression level of IL-10 in serum in the ex-
perimental group was prominently lower than in the con-
trol group. The group difference was statistically significant 
(t = 4.515, 4.663, 3.591, 2.673, 3.940; p = 0.001, 0.001, 0.005, 
0.023, 0.003). In  the  control group, the  expression level 
of IL-10 in aqueous humor gradually increased to a peak, 
which was reached 4 weeks after the ope ration. In the ex-
perimental group, the expression level of IL-10 in aqueous 
humor started to decrease 3 days after the operation, reaching 
its lowest point 14 days after the operation, which was lower 
than the preoperative value. The expression level of IL-10 
in aqueous humor in the experimental group was promi-
nently lower than in the control group. The group difference 
was statistically significant (t = 3.609, 5.451, 6.868, 5.424, 
5.432; p = 0.005, 0.000, 0.000, 0.000, 0.000) (Fig. 5C).

Expression level of interleukin-4

In both groups, IL-4 content in serum decreased 3 days 
after the operation. In the control group, it gradually in-
creased 7 days after the operation and only the expression 
level of IL-4 after 3 days was higher than the preoperative 
value. The expression level of IL-4 in serum in the experi-
mental group was prominently lower than that in the con-
trol group. The  group difference was statistically sig-
nificant (t = 2.338, 2.644, 4.561, 4.896, 6.882; p = 0.042, 
0.025, 0.001, 0.001, 0.000). Similarly, IL-4 content in both 
groups in aqueous humor decreased 3 days after the op-
eration. In the experimental group, it sharply decreased 
and reached its lowest point 14 days after the operation. 
In the control group, it gradually increased from the 7th day 
after the operation. Interleukin-4 content in aqueous hu-
mor in the experimental group was prominently lower than 
in the control group. The group difference was statisti-
cally significant (t = 7.323, 10.639, 11.190, 11.860, 9.327; 
p = 0.000, 0.000, 0.000, 0.000, 0.000) (Fig. 5D).
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Analysis of ratios between sPD-1 and sPD-L1 
in control and experimental groups

According to the ELISA results, the expression level 
of  sPD-1 in  the  experimental group was prominently 
higher than in  the control group while the expression 
level of  sPD-L1 in  the  experimental group was lower 

than in the control group. After analysis, it was found 
that  the  sPD-1/sPD-L1 ratio in  serum in  the  experi-
mental group was much higher than in  the  control 
group. The  sPD-1/sPD-L1 ratios in  serum in  the  con-
trol group and  experimental group were 1.259  ±0.499 
and 6.319 ±2.317, respectively, and the difference was sta-
tistically significant (p < 0.05). Similarly, the ratio of sPD-1/
sPD-L1 in aqueous humor in the experimental group was 
higher than in the control group. The sPD-1/sPD-L1 ratios 
in aqueous humor in the control group and experimental 

Fig. 5. Expression level of soluble programmed death protein-1 (sPD-1), 
soluble programmed death ligand protein-1 (sPD-L1), interleukin-10 
(IL-10), interleukin-4 (IL-4), and ratios analyzed between sPD-1 and sPD-L1 
in serum and aqueous humor 

A. The content of sPD-1 in aqueous humor in the experimental group 
was higher than in the control group (all p < 0.05). The expression 
level of serum sPD-1 in the experimental group was higher than 
in the control group (all p < 0.05); B. In aqueous humor, the content 
of sPD-L1 in the control group was higher than in the experimental group 
(all p < 0.05). There was no significant difference of the serum sPD-L1 
content between the experimental and control groups; C. The expression 
level of IL-10 in aqueous humor in the control group was lower than 
in the experimental group (all p < 0.05). The expression level of serum 
IL-10 in the control group was higher than in the experimental 
group (all p < 0.05); D. The expression level of IL-4 in aqueous humor 
in the control group was higher than in the experimental group 
(all p < 0.05). The expression level of serum IL-4 in the control group 
was higher than in the experimental group (all p < 0.05); E. Both ratios 
of serum sPD-1/sPD-L1 and aqueous humor in the experimental group 
were higher than in the control group.
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group were 1.443 ±0.204 and 3.749 ±1.341, respectively, 
and the difference was statistically significant (p < 0.05) 
(Fig. 5E).

Discussion

Transplant rejection is a major cause of corneal trans-
plantation failure. Therefore, the core issue of corneal 
transplantation is  how to  inhibit transplant rejection. 
At present, prevention and treatment of transplant rejec-
tion after corneal transplantation mainly focuses on the ef-
fect phase using eye local and systemic immune inhibitors, 
angiogenesis inhibitors, etc.,17–22 but these drugs can dis-
turb or destroy the normal immune function and environ-
ment. Furthermore, the concentration of the drugs will 
eventually decrease below effective concentration after 
body metabolism, and transplant rejection may still hap-
pen. Thus, if the proliferation and differentiation of im-
mune effector cells can be restrained and prevented from 
entering the effect phase, the effect of inducing and trans-
planting immunological tolerance will be achieved, which 
can effectively and enduringly inhibit transplant rejec-
tion and prolong survival time of the grafts. This is one 
important direction of future study on transplantation 
immunological tolerance.

In recent years, the co-stimulating signal has become 
an important issue in immunological research. In trans-
plantation immunity, activating the T lymphocyte needs 
co-stimulating signals to  successfully induce trans-
plantation immunological tolerance. Currently known 
co-stimulating molecules include the B7 family (immu-
noglobulin superfamily), tumor necrosis factor (TNF) 
family and cytokine family negative co-stimulating mol-
ecules, while the PD-1/PD-L1 pathway is an important 
negative regulating pathway of  T lymphocytes.5–7,23–25 
Research shows that in the PD-1/PD-L1 pathway, PD-1 
works as an immune inhibitory receptor and is mainly 
expressed in activated T cells.26–28 By  interacting with 
PD-L1, PD-1 can promote immunological suppression 
and regulation, which can help induce and maintain im-
munological tolerance.29–32  Additionally, studies show 
that CD4+CD25+Treg has features of immune incompe-
tence and inhibition, which play a key role of effector T cells 
in maintaining the body’s immune response steady state 
and the immunological suppression function of immuno-
logical tolerance after induction organ transplantation.33,34 
It was first confirmed by Hall et al. that CD4+CD25+Treg 
could induce transplantation immunological tolerance.35 
CD4+CD25+Treg can also secrete cytokines such as IL-10 
and lL-4 to suppress the immune response.36–38 In this re-
search, the content of serum and aqueous humor increased 
while the expression level of CD4+CD25+Treg in serum 
and the spleen decreased after the operation in the experi-
mental group. In the control group, sPD-1 content in serum 
and aqueous humor decreased and the expression level 

of CD4+CD25+Treg in serum and the spleen increased. 
In the experimental group, sPD-1 content was significantly 
higher than the preoperative value at the beginning of re-
jection while the expression level of CD4+CD25+Treg was 
markedly lower than the preoperative value, indicating 
that sPD-1 and CD4+CD25+Treg were related to transplant 
rejection after corneal transplantation. 

In addition, it is worth noting that the rising expression 
level of sPD-1 was opposite to the increasing tendency 
of IL-10 and IL-4 content in serum cytokines and aque-
ous humor. The IL-10 and IL-4 content in aqueous hu-
mor were higher than that  in  serum and  the  change 
range was broader. Therefore, we can speculate on the 
basis of  these results that  when transplant rejection 
happens after corneal transplantation, the expression 
level of  sPD-1 will increase. It may be combined with 
PD-L1 to  inhibit the  combination of  membrane-type 
PD-1 and  PD-L1, and  prevent PD-1/PD-L1 from con-
veying negative stimulation signals after combination, 
thus inhibiting the function of CD4+CD25+Treg and in-
disposing it to conduct immunoregulation. Meanwhile, 
the  decrease of  IL-10 and  IL-4 secretion may weaken 
transplant rejection inhibition after corneal transplan-
tation. The group difference of the postoperative expres-
sion level of sPD-L1 in serum and aqueous humor is not 
statistically significant. The changing tendency does not 
have a clear relationship between transplant rejection 
and CD4+CD25+Treg and no regularity was found. Yet 
in the analysis of sPD-1/sPD-L1 ratios of the 2 groups, 
it was found that at the same time point, the mean sPD-1/
sPD-L1 ratio in  serum and aqueous humor in  the ex-
perimental group was greater than in the control group 
and it reached its highest level 14 days after the operation. 
This result showed that the abnormal expression of sPD-1/
sPD-L1 may have certain relevance to transplant rejection 
after corneal transplantation. The content ratio of sPD-1 
and  sPD-L1 in  serum and  aqueous humor can work 
as an important reference index of transplant rejection 
after corneal transplantation. Monitoring the concen-
tration changes of sPD-1 and sPD-L1 can help to predict 
and diagnose the occurrence of rejection at an early stage.

Conclusions

To  sum up, the  experiment preliminarily proved 
that in transplant rejection after rat corneal transplan-
tation, increaseD expression level of sPD-1 may inhibit 
the  combination of  membrane-type PD-1 and  PD-L1, 
blocking the  negative adjustment of  PD-1/PD-L1 
on CD4+CD25+Treg after the combination and impeding 
normal immunological tolerance. The decreasing content 
of IL-10 and IL-4 secreted in serum and aqueous humor 
may weaken the protection of the body’s immune suppres-
sion and increase immune rejection, as well as influence 
the survival time of corneal grafts.
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Two problems are still unclear: whether sPD-1/sPD-L1 
work as collaborative or inhibiting regulating factors of 
PD-1/PD-L1; and the specific mechanism of rejection after 
corneal transplantation. These issues should be studied 
further.
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Abstract
The virus SARS-CoV-2 commonly causes self-resolving, flu-like illnesses in the majority of patients, but 
a critical illness can be seen in 5% of cases – especially in the elderly population or in patients with multiple 
comorbidities. When COVID-19 is severe, it can cause pneumonia and hypoxemic respiratory failure, and can 
progress to viremia involving multiple organ systems. It causes significant cytopenia, mainly severe lympho-
penia, and excessive exhaustion of CD8+ T cells, resulting in an immunocompromised state and cytokine 
storm. Furthermore, COVID-19 can commonly be complicated with acute thrombotic events, including venous 
thromboembolism, acute stroke, acute myocardial infarction, clotting of hemodialysis and extracorporeal 
membrane oxygenation (ECMO) catheters, and acute limb ischemia. This makes SARS-COV-2 a unique virus 
with an undiscovered pathophysiology. Therefore, patients with COVID-19 need close monitoring of their 
symptoms and laboratory parameters, and early hospitalization and treatment in severe cases. Early identifica-
tion of severe cases and the abovementioned complications of COVID-19 could decrease the morbidity and 
mortality caused by the disease. In the study, we summarize what is currently known about the hematological 
manifestations and complications of COVID-19.

Key words: COVID-19, lymphopenia, cytokine storm, thromboembolism, hypercoagulable state
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Introduction and background

The coronavirus disease from 2019 (COVID-19), which 
is caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has infected more than 16 million 
people and killed more than 650,000 around the world.1,2 
It was first identified in Wuhan, China at the end of 2019 
and rapidly spread, resulting in a pandemic. Coronaviruses 
are enveloped RNA viruses which commonly cause cold-
like illnesses in immunocompetent hosts.3 It has a similar 
receptor binding structure to that of the SARS-CoV virus 
and uses angiotensin-converting enzyme 2 (ACE2) to enter 
the host cells.4 SARS-CoV-2 is mainly transmitted person 
to person via close contact or droplets with an incubation 
period – on average 5 days prior to symptoms appearing.5 
It causes life-threatening disease in 5% of cases, espe-
cially in the elderly and in patients with multiple coexist-
ing medical conditions; it has a mortality rate of 2.3%.6 
Previously detected strains, the severe acute respiratory 
syndrome coronavirus (SARS-CoV) and Middle East respi-
ratory syndrome coronavirus (MERS-CoV), are zoonotic 
viruses which caused outbreaks in China and the Middle 
East, respectively. However, they did not result in a pan-
demic such as SARS-CoV-2 has.7–9 COVID-19 primarily 
manifests as a respiratory tract infection causing hypox-
emic respiratory failure. However, there is an enormous 
amount of data published almost daily demonstrating that 
it may involve multiple organ systems, including the ner-
vous, cardiovascular, respiratory, gastrointestinal, renal, 
hematopoietic, and immune systems. This article summa-
rizes the hematological manifestations and complications 
of COVID-19.

Alterations in cell counts 
in COVID-19

One of  the  first hematological manifestations of 
COVID-19 to be noticed was alterations in cell lineages, 
lymphopenia being the most prominent finding. A sum-
mary of  tables examining cell lineage alterations in 
COVID-19 is presented in Table 1. A retrospective obser-
vation of 7,736 patients in China during the first 2 months 
of the pandemic outbreak compared the clinical charac-
teristics of patients between severe and non-severe cases.10 
Guan et al. found that the majority of the patients had low 
blood counts across all lineages, which were more promi-
nent in patients with a severe form of the disease.10 On ad-
mission, lymphopenia was present in 83.2% of the patients, 
thrombocytopenia in  36.2% and leukopenia in  33.7%. 
Lymphopenia was the most commonly seen abnormally 
in blood counts, being present in 96% of the severe cases 
and 80% of the non-severe cases. The median hemoglobin 
level was found to be lower in severe cases than in non-
severe cases (12.8 g/dL and 13.5 g/dL, respectively). In ad-
dition, thrombocytopenia was seen in 57.7% of the severe 
cases and in 31.6% of the non-severe cases. Other obser-
vational studies from China with fewer patients (41, 99, 
138, and 201) reported similar results on patients with 
COVID-19: lymphopenia was evident in all studies and 
was more commonly seen in severe cases.11–13 A retrospec-
tive cohort study with 201 patients from Wuhan focused 
on a comparison of patients with acute respiratory dis-
tress syndrome (ARDS) with those without ARDS. They 
found that the patients with ARDS had significantly lower 
lymphocyte counts and CD-8 T-cell counts. The study 
also showed that patients with neutrophilia had an in-
creased risk of  mortality.13 This might be secondary 
to the disease course becoming complicated by bacte-
rial superinfection. Further studies from other countries 

Table 1. Alterations in cell counts in COVID-19

Study Patient 
population

WBC, median 
[103/µL] Leukopenia ALC, median 

[103/µL] Lymphopenia
Hgb, 

median 
[g/dL]

Platelets  
[103/µL] Thrombocytopenia

Guan 
et al.10

1099 hospitalized 
patients

4700 33.7% 1000 83.2% 13.4 168 36.2%

Wu 
et al.13

201 hospitalized 
patients

5940 N/A 910 64% N/A 180 N/A

Zhou 
et al.28

191 hospitalized 
patients

6200 17% 1000 40% 12.8 206 7%

Wang 
et al.27

138 hospitalized 
patients

4500 N/A 800 70.3% N/A 163 N/A

Fan 
et al.15

67 hospitalized 
patients

4700 29.2% 1200 36.9% 14 201 20%

Huang 
et al.11

41 hospitalized 
patients

6200 25% 800 63% 12.6 164 5%

Young 
et al.14

18 hospitalized 
patients

4600 N/A 1200 39% 13.5 159 N/A

WBC – white blood cell, ALC – absolute lymphocyte count; Hgb – hemoglobin.
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that analyzed the effects of SARS-CoV-2 infection on cell 
counts have shown similar results. A descriptive case se-
ries from Singapore on 18 hospitalized patients reported 
that 39% of the patients had lymphopenia. The major-
ity of their patients had a mild form of the disease and 
66% of them did not require supplemental oxygen, which 
is most likely explained by the low rate of lymphopenia 
among them.14 Another retrospective observational study 
on 69 patients from the National Center for Infectious 
Diseases (NCID) in Singapore focused on the hematologi-
cal parameters of COVID-19 patients.15 They observed 
that 29% of the patients presented with severe leukopenia 
(WBC < 2 × 109/L); also, 36.9% of the patients presented 
with lymphopenia and 5 out of 25 had severe lymphopenia 
(ALC < 0.5 × 109/L). Lymphopenia was more profound 
in intensive care unit (ICU) patients, with 7 out of 9 being 
lymphopenic, 4 of whom had severe lymphopenia. In ad-
dition, 20% of their patients had mild thrombocytopenia 
(platelet count 100–150 × 109/L).

Peripheral blood smears obtained from 69% of the pa-
tients showed a few reactive lymphocytes, of which a subset 
appeared lymphoplasmacytoid. This is contrary to the ex-
perience with the SARS-CoV outbreak in 2003, where 
reactive lymphocytes were not observed in a study from 
Singapore on hematological parameters and were observed 
in only 15% of cases in a study from Hong Kong.16,17 Lym-
phopenia is a well-known feature of SARS-CoV, and was 
described in patients in Hong Kong and Singapore afflicted 
with the disease in 2003. It was associated with poor prog-
nosis and ICU stay.16–18 Monitoring hematological param-
eters might help physicians to decide which patients need 
to be admitted to the ICU. Fan et al. recommended that 
severe lymphopenia <0.6 × 109/L should be considered 
as one of the indicators for early admission for support-
ive care in the ICU.15 Their ICU patients also developed 
more prominent, statistically significant decreases in their 
hemoglobin levels, absolute lymphocyte count (ALC) and 
absolute monocyte count (AMC), and increases in abso-
lute neutrophil count (ANC), as compared to the non-ICU 
group. Fan et al. also performed flow cytometry (FCM) 
on the peripheral blood of patients in the ICU who had 
prominent lymphopenia. They found that the ICU pa-
tients had significantly lower CD45+, CD3+, CD4+, CD8+, 
CD19+, and CD16/56+ counts. Inversion of the CD4/CD8 
ratio is commonly seen in viral infections such as the hu-
man immunodeficiency virus (HIV) and cytomegalovirus 
(CMV). However, the CD4/CD8 ratio was not inverted 
in all groups of patients.

Lymphopenia caused by COVID-19 and its detrimental 
effects on the immune system have been further analyzed. 
Zheng et al. studied the immunological characteristics 
of peripheral blood leukocytes from 16 patients in Kunming, 
China and found that COVID-19 damages the function-
ing of CD4+ T cells and promotes the excessive activation 
and possibly the subsequent exhaustion of CD8+ T cells.19 
A proposed mechanism has been illustrated in Fig. 1. This 

phenomenon was also previously observed in some chronic 
infections such as HIV, hepatitis B virus (HBV) and hepa-
titis C virus (HCV), as well as in cancer; it can eventually 
diminish the host’s antiviral immunity.20 Previous studies 
indicated that multi-functional T cells play an important 
role in immunity against HIV infection and immunity 
after vaccination. Therefore, functional damage to CD4+ 
T cells may have predisposed COVID-19 patients to severe 
disease.21 According to Zheng et al., patients with severe 
SARS-CoV-2 infection had fewer of the non-exhausted 
(PD-1-negative, cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4)-negative and T-cell immunoreceptor with 
Ig and ITIM domains (TIGIT)-negative CD8+ T cells than 
the healthy control and mild disease course groups.19 For 
CD8+ T cells, it is beneficial to have a functional blockade 
of PD-1, CTLA-4 and TIGIT to maintain their antigen-spe-
cific immunity and antiviral effects.22,23 Therefore, the ex-
cessive exhaustion of CD8+ T cells in severe patients may 
reduce patients’ cellular immune response to SARS-CoV-2. 
A cohort study of 452 patients was performed by Qin et al. 
in Wuhan, China and showed the dysregulation of immune 
response in patients with COVID-19.24 They found that 
severe cases had higher leukocyte and neutrophil counts, 
lower lymphocyte counts, higher neutrophil-to-lympho-
cyte ratio, and lower percentages of monocytes, eosinophils 
and basophils. In addition, a lymphocyte subset analysis 
in 44 patients with COVID-19 revealed a decreased num-
ber of B cells, T cells and natural killer (NK) cells, which 
was more evident in the severe cases (743.6/μL compared 
to 1020.1/μL; p = 0.032) as compared with the non-severe 
group. The T-cell counts were found to have decreased 
to nearly half the lower limit of normal, indicating that 
T cells were more affected by SARS-CoV-2, especially 

Fig. 1. Exhaustion of CD8+ T cells in SARS-CoV-2 infection.19,20 T cells express 
cytotoxic T-lymphocyte-associated protein-4 (CTL4) and programmed cell 
death protein-1 (PD-1) inhibitory receptors which are activated by chronic 
infections. PD-1 signaling decreases Akt (protein kinase B) and mammalian 
target of rapamycin (mTOR) activity, which switches T-cell metabolism from 
glycolysis to fatty acid oxidation, resulting in mitochondrial depolarization, 
a higher rate of ROS production and functional impairment of T cells
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in severe cases (461.6/μL compared to 663.8/μL; p = 0.027). 
A subset analysis of T cells showed that both helper T (Th) 
cells (CD3+ and CD4+) and suppressor T cells (CD3+ 
and CD8+) were lower in patients with COVID-19. Based 
on these findings, they suggested that COVID-19 might 
be damaging lymphocytes directly and causing immune 
system dysfunction during acute infection.

Lymphopenia has also been commonly reported 
(67–75%) among critically ill patients with COVID-19 
in the USA.25,26 Other observational studies from Wuhan 
with 138 and 191 hospitalized patients showed that pa-
tients who died from the disease had more severe lympho-
penia than survivors, with their lymphocyte counts con-
tinuing to decrease until death.27 Patients who survived 
the disease had their lowest lymphocyte counts on day 7, 
followed by improvement of their lymphocyte counts dur-
ing the hospitalization, whereas the patients who had 
persistently low lymphocyte counts died from the dis-
ease.28 Thus, monitoring lymphocyte counts might help 
assess disease severity and progression, and outcomes 
in patients with COVID-19. Tan et al. created a model 
based on  lymphocyte percentage (LYM%) for disease 
classification and prognosis determination.  According 
to their model, patients who have a LYM% > 20% on days 
10–12 after the onset of symptoms have a good prog-
nosis and recover quickly. In  contrast, patients with 
a LYM% < 20 on days 10–12 are classified as severe type. 
At the second point, 17–19 days after symptom onset, 
patients with a LYM% >20% are likely to recover; patients 
with 5% < LYM% < 20% are still at risk for decompen-
sation, and patients with a LYM% < 5% are considered 
critically ill and requiring intensive care.29 Even though 
lymphopenia is the most common alteration seen in cell 
counts and it  has very important prognostic signifi-
cance in COVID-19, there are studies suggesting the use 
of  thrombocytopenia and platelet–lymphocyte ratio 
(PLR) as a prognostic factor of severe disease.

Thrombocytopenia is  commonly seen in  critically 
ill patients in  COVID-19. A  meta-analysis with 1,779 
COVID-19 patients from 9 different studies showed that 
platelet count was significantly lower in patients with more 
severe disease (the weighted mean difference of platelet 
counts: −31 × 109/L; 95% CI = −35–−29 × 109/L).30 It has 
also been shown that low platelet count is associated with 
a more than five-fold increased risk of severe SARS-CoV-2 
infection (OR = 5.1; 95% CI = 1.8–14.6). Even though its 
mechanism is not clearly known, it has been suggested that 
thrombocytopenia might be secondary to endothelial dam-
age from mechanical ventilation and platelet activation, 
deranged platelet defragmentation from megakaryocytes 
in the pulmonary vascular bed, and direct bone marrow 
toxicity as a result of SARS-CoV-2 infection.30,31 A single-
center case series of 30 hospitalized patients diagnosed 
with COVID-19 showed that patients with a peak in their 
platelet counts had worse clinical outcomes.32 In addition, 
Platelet-lymphocyte ratio (PLR) value at peak platelet count 

during treatment was an independent influencing factor 
for prolonged hospitalization. It was suggested that mark-
edly elevated platelet counts and longer average hospital-
ization may be related to the cytokine storm.

Hypercoagulable state and acute 
thrombotic events in COVID-19

COVID-19 is a novel disease with a very broad spectrum 
of complications involving different organ systems that are 
mainly caused by a hypercoagulable state. Patients with 
severe SARS-CoV-2 infection become prone to develop 
coagulation abnormalities and acute thrombotic events, 
but the pathogenesis of hypercoagulopathy in COVID-19 
is not completely understood. Direct endothelial injury 
by SARS-COV-2, immobilization due to severe illness, 
and a hypercoagulable state caused by increased inflam-
mation and circulating prothrombotic factors are among 
the reasons why patients with COVID-19 have such a high 
tendency to develop acute thrombotic events.33–36 High 
d-dimer levels have been reported to be associated with 
the severe form of disease; as d-dimer is a fibrin degra-
dation product, this indicates thrombin generation and 
fibrin dissolution. A multicenter retrospective analysis 
on 1,099 patients from China showed that 46.4% of pa-
tients with SARS-CoV-2 infection had elevated d-dimer 
levels.10 D-dimer elevation was more prominently seen 
in patients with severe COVID-19 compared to non-severe 
cases (59.6% compared with 43.2%). There are additional 
studies supporting the evidence that an elevated d-dimer 
level is  associated with adverse outcomes and higher 
mortality.11,27

Panigada et  al. studied coagulation parameters and 
other assays, including von Willebrand factor (VWF) and 
thromboelastography (TEG), on 24 patients in the ICU 
who had COVID-19. They also found that the patients were 
in a hypercoagulable state.35 The patients had normal-to-
increased platelet counts, near-normal prothrombin time 
(PT) and activated partial thromboplastin time (aPTT), 
increased fibrinogen and dramatically increased d-dimer 
levels, increased factor VIII and VWF levels, decreased 
antithrombin levels, and increased protein C levels. There 
are similar studies supporting these findings.36,37

Severely ill COVID-19 patients might have similar labo-
ratory findings, with patients suffering from dissemi-
nated intravascular coagulation (DIC) who meet the cri-
teria for probable DIC in the scoring system published 
by the International Society on Thrombosis and Hemo-
stasis (ISTH) in 2009.38 However, the majority of acutely 
ill patients with COVID-19 develop thrombosis rather 
than bleeding, which later is commonly seen in DIC. 
As explained previously, patients with COVID-19 have 
high fibrinogen and factor VIII activity, which suggests 
that a significant consumption of coagulation factors 
is not seen as  it  is  in DIC.35–37 An observational study 
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from the Netherlands including 184 ICU patients evalu-
ated the incidence of acute thrombotic events and none 
of their patients developed overt DIC. The study reported 
that 38% of  their patients had coagulopathy (defined 
as a spontaneous prolongation of PT by >3 s or of aPTT 
by >5 s) on admission and the most common throm-
botic complication was pulmonary embolism (81% 
of  the thrombotic complications).39 Classically, bleed-
ing is seen in acute decompensated DIC due to the rapid 
consumption of coagulation factors, while thrombosis 
predominates in chronic compensated DIC. Even though 
the hypercoagulable state in COVID-19 is similar to com-
pensated DIC, platelet counts and aPTTs are usually nor-
mal in COVID-19.35

Venous thromboembolism is very common, especially 
in patients with severe COVID-19. Several autopsy studies 
on patients who died from COVID-19 showed significant 
incidence of deep vein thrombosis (DVT; 58%), pulmo-
nary embolism (PE; 19–42%) and microthrombi formation 
in alveolar capillaries (45%).40,41 Widespread thrombosis, 
microangiopathy and capillary microthrombi, and in-
creased angiogenesis were significantly prominent in lung 
specimens from patients who had died from COVID-19, 
and severe endothelial injury was deemed to be the main 
cause of the hypercoagulable state.42 Studies with patients 
in ICUs reported similar findings. A case series of 829 
ICU patients with COVID-19 in New York reported PE 
in 6.2% of cases and DVT in 9.4%.43 Other series with 
fewer patients reported higher VTE rates of 20–43% even 
with a prophylaxis dose of anticoagulation, but the rate 
is as high as 65–69% in studies that perform routine sur-
veillance with bilateral leg ultrasounds.39,44,45 Extracorpo-
real membrane oxygenation (ECMO) is commonly used 
in patients with severe hypoxemic respiratory failure sec-
ondary to COVID-19 pneumonia. Clotting of the circuit 
was reported in 16% of ICU patients in 1 study.37 Patients 
receiving continuous renal replacement therapy (CRRT) 
in the ICU also were reported to have a strikingly high 
incidence rate of clotting of the extracorporeal circuit 
– up to 96% of cases.37 Bilaloglu et al. also studied VTE 
rates in non-ICU patients and found PE in 2.2% and DVT 
in 2% of 2,505 symptomatic inpatients in New York.43 
There is a paucity of data on VTE rates on an outpatient 
basis, which needs to be studied. Arterial thrombosis 
(stroke, myocardial infarction and limb ischemia) is less 
commonly seen than venous thrombosis in patients with 
COVID-19. Stroke was seen in 1.6% of hospitalized pa-
tients and myocardial infarction in 8.9%.43 In an obser-
vational cohort of 20 patients with COVID-19 who had 
acute limb ischemia, it was shown that revascularization 
was successful in 70% of cases, but patients had a high 
mortality rate (40%).46 Hemorrhagic complications are 
less commonly seen in patients with COVID-19, being 
reported in 2.7% of 150 ICU patients, although the bleed-
ing was not spontaneous and it was related to head trauma 
and anticoagulation.37

Inflammatory markers 
and cytokine storm in COVID-19

SARS-CoV-2 infection may cause a very broad spectrum 
of the COVID-19 disease, from asymptomatic (up to 40–
45% of all cases), through mild (81% of the symptomatic 
cases) and severe (14% of the symptomatic cases), to life-
threatening infections (5% of the symptomatic cases).6,47 
Its mean incubation period is  5  days, ranging from 1 
to 14 days.48 During the incubation period, it can present 
with fever, malaise, sore throat, diarrhea, and other non-
specific symptoms.10 During this period, peripheral blood 
leukocytes and lymphocytes are usually not significantly 
reduced.49 In the 2nd phase of the disease, usually occurring 
7–14 days after the disease onset, the virus can cause vire-
mia which mainly affects the lungs, gastrointestinal tract 
and heart by binding to ACE-2 receptors.50 In this phase, 
pneumonia worsens the disease course by causing diffuse 
bilateral patchy infiltrates in the lungs and potentially caus-
ing hypoxemic respiratory failure. As explained previously, 
lymphocyte counts are significantly lower in severe cases 
and inflammatory markers (e.g., ferritin, C-reactive pro-
tein (CRP), and erythrocyte sedimentation rate), elevated 
aminotransaminase (ALT/AST) levels and lactate dehydro-
genase (LDH) levels can be detected in the blood in high 
amounts.10 Patients might also have markedly elevated 
levels of interleukins (mostly IL-6, IL-2, IL-7, granulocyte 
colony stimulating factor, interferon-γ inducible protein 10, 
monocyte chemoattractant protein-1 (MCP-1), and mac-
rophage inflammatory protein 1-a (MIP1-a) and tumor 
necrosis factor α (TFN-α) if they go into a state of “cytokine 
storm,” which may induce lymphocyte apoptosis.51,52 Cy-
tokine release syndrome (CRS) or cytokine storm is a type 
of acute systemic inflammatory reaction classically pre-
senting with fever and multiple organ dysfunction. It com-
monly occurs secondary to immunotherapies (chimeric 
antigen receptor T-cell therapy or therapeutic antibodies) 
and haploidentical allogeneic transplantation. However, 
severe viral infections such as influenza or SARS-CoV-2 
can also cause severe inflammatory response and cytokine 
storm.53–58 Mild cases of CRS are treated with antihista-
mines, antipyretics and intravenous fluids. Intravenous 
steroids and tocilizumab (an IL-6 receptor antagonist) can 
be used for severe cases.55

Conclusions

SARS-CoV-2 is a novel virus which can cause significant 
changes in blood counts, mainly causing severe lympho-
penia and excessive exhaustion of CD8+ T cells in severe 
cases, which may reduce patients’ cellular immune re-
sponse. When COVID-19 results in viremia in the later 
course of the disease, it can cause severe inflammatory 
reactions similar to cytokine storm, which might require 
ICU admission. In addition, acute thrombotic events are 
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commonly seen in patients with severe COVID-19, which 
makes SARS-COV-2 a unique virus with undiscovered 
pathophysiology. Patients who are infected with the vi-
rus should be evaluated carefully by checking complete 
blood counts and inflammatory markers as well as fur-
ther studies to diagnose acute thrombotic events in high-
risk or symptomatic cases, both at baseline and during 
the disease course. Early identification of severe cases and 
the complications of COVID-19 could decrease the mor-
bidity and mortality rates associated with this disease.
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Abstract
Background. This review focuses on the frequency of symptoms in COVID-19 in comparison to SARS, 
influenza and common cold.

Objectives. To evaluate and compare the knowledge about the clinical features, symptoms and differences 
between patients with COVID-19, SARS, influenza, and common cold. The research can help ear, nose and 
throat specialists and other health practitioners manage patients during the COVID-19 pandemic.

Material and methods. The biomedical databases used in the study included PubMed and MEDLINE. 
Statistical analysis using the Z-score test assessed which symptoms were more characteristic of COVID-19 
than other viral diseases.

Results. Among individuals with COVID-19, the most frequently reported symptoms were cough (70%), 
fever (45%), muscular pain (29%), and headache (21%), whereas sore throat (12%), and rhinorrhea (4%) 
were observed at lower rates. Fever was identified as most frequent in COVID-19 (74%), appearing at a higher 
rate in those cases than in influenza (68%) or the common cold (40%) (p < 0.05). In comparison to other 
viral diseases, sore throat was rarely reported in COVID-19 and SARS (12% and 18%, respectively) (p < 0.05). 
In influenza and common cold, a cough was identified in 93% and 80% of cases (p < 0.05). Headache, 
rhinorrhea, muscular pain, and sore throat were more common in influenza (91%, 91%, 94%, and 84%, 
respectively) and common cold (89%, 81%, 94%, and 84%, respectively) than in COVID-19 (21%, 4%, 29%, 
and 12%, respectively) and SARS (45%, 12%, 55%, and 18%, respectively) (p < 0.05).

Conclusions. The results of the analysis show that a greater number of general symptoms should lead 
to a diagnosis of influenza or common cold rather than COVID-19.

Key words: influenza, ENT, common cold, COVID-19, SARS
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Introduction

The outbreak of the COVID-19 coronavirus epidemic 
in the Chinese city of Wuhan and its spread have be-
come a global threat. Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is  a  β-coronavirus and 
the 7th coronavirus to be identified that causes human 
disease. Overall, SARS-CoV-2 was the 3rd zoonotic human 
coronavirus of the century.1,2 It is spread by human-to-
human transmission via droplets over short distances 
(1.5 m), direct contact or (potentially) the gastrointestinal 
tract.3–5 It creates a high risk for virus transmission dur-
ing ears, nose and throat (ENT) examination, especially 
during the direct examination of patients’ respiratory 
tract. Moreover, recent studies indicate that ENT spe-
cialists are among the groups at a higher risk of exposure 
to the virus.6

COVID-19 is similar to the disease caused by SARS-CoV. 
Although SARS-CoV-2 is less virulent, it is more infectious 
and its rapid spread has led to the coronavirus pandemic.7,8 
According to  present clinical data about COVID-19, 
the symptoms of the disease may affect the upper respira-
tory tract, similarly to SARS, influenza and common cold. 
These similarities can pose a major diagnostic problem 
for any physician.

Every year, the world faces seasonal flu caused by in-
fluenza viruses. Three types of influenza viruses affect 
humans, the most common being type A and type B.9 
Approximately 30–50% of  cases of  common cold are 
caused by rhinoviruses. The second-most common agents 
are human coronaviruses (HCoV-OC43, HCoV-HKU1, 
HCoV-229E, and HCoV-NL63), which account for 10–15% 
of cases of this disease. The other causes associated with 
the common cold are adenoviruses, human respiratory 
syncytial virus (orthopneumovirus), enteroviruses, and 
human parainfluenza viruses.10

This review focuses on  the  frequency of  symptoms 
in  COVID-19 in  comparison to  SARS, influenza and 
common cold. Additionally, the research assesses the in-
cidence of upper respiratory tract symptoms and influ-
enza-like symptoms for the abovementioned viral diseases. 
To the best of our knowledge, no previous reports have 
focused on the differential diagnosis between those infec-
tious diseases. The data presented herein are important for 
ENT specialists, who are often the first-line doctors for 
patients with upper respiratory tract infection.

Objectives

The aim of the study was to evaluate and compare infor-
mation about the clinical features, symptoms and differ-
ences between patients with COVID-19, SARS, influenza, 
and common cold. The research can help ENT specialists 
and other health practitioners around the world manage 
patients in the current COVID-19 pandemic.

Material and methods

The database presented in  the  study was built from 
the results of 9 studies published after March 2003.11–19 
Only articles with data about symptoms of upper respira-
tory tract infection, such as fever, cough, muscular pain, 
headache, sore throat, and rhinorrhea, were included. 
Based on the search strategy, 1729 studies were found 
in the online database. Then, 1676 articles were excluded 
after the titles and abstracts were reviewed. The full texts 
of 53 articles were evaluated. Finally, 9 articles were in-
cluded in the systematic literature review (Fig. 1).

The data was from 5400 patients with the following dis-
eases: 1347 patients with COVID-19 (25.44%), 2470 patients 
with influenza (45.74%), 282 patients with SARS (5.22%), 
and 1274 patients with common cold (23.59%). Selected 
clinical presentation of patients with COVID-19, influenza, 
SARS, and common cold is also presented in Tables 1,2,3.

PubMed was the biomedical database used in the study. 
To identify the studies for potential review, the following 
search terms were used: “COVID-19,” “SARS,” “influenza,” 
“common cold,” “upper respiratory symptoms,” “influenza-
like symptoms,” “otolaryngology,” “ENT,” and “otolaryn-
gological manifestation.” The Boolean operators “NOT,” 
“AND” and “OR” were also used in succession to narrow 
and widen the search.

Only the following symptoms were taken into consid-
eration while comparing the diseases: fever, sore throat, 
rhinorrhea, headache, cough, and myalgia. Our review was 
focused on studies about COVID-19, SARS, influenza, and 
common cold in which upper respiratory tract symptoms 
and influenza-like symptoms were considered, since they 
are the most common, mutual shared symptoms. There-
fore, a large number of studies focusing on other symptoms 
(such as gastrointestinal symptoms or cardiologic symp-
toms) were excluded, which may have led to the omission 
of some important studies.

The  search was limited to  publications in  English. 

Fig. 1. A flow diagram of the inclusion criteria of studies eligible for 
the systematic literature review

Records iden�fied through 
database search

(n = 1729)

Record excluded
(n = 1676)

Full-text ar�cles assesed  
for eligibility

(n = 53) 

Full-text ar�cles excluded
(n = 44)

Studies included in literature 
review and data analysis

(n = 9) 
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 Articles that did not address the selected topics, low-qual-
ity studies, case reports, and studies based on non-signifi-
cant cohorts were excluded. The full texts of the remaining 
high-quality articles were examined and elaborated on.

Table 1. Selected clinical presentation of patients with COVID-19

Symptoms

Study

Wang et al.11

(n = 138) (%)
Chen et al.12

(n = 99) (%)

Huang 
et al.13

(n = 41) (%)

Kim et al.14

(n = 28) (%)

Jin et al.15

(n = 74) (n = 577)
no GI symptoms 

(n = 577) (%) 

Jin et al.15

(n = 577) (%)

Lechien 
et al.16

(n = 417) (%)

Pooled data
(n = 1374) (%)

Age, mean [years] 56 55.5 49 42.6 46.14 45.09 36.9 47.3

Sex
female
male

63 (45.7)
75 (54.3)

32 (32)
67 (68)

11 (27)
30 (73)

13 (46.4)
15 (53.6)

37 (50)
37 (50)

283 (49)
294 (51)

263 (63)
154 (37)

702 (51)
672 (49)

Main symptom fever fever fever cough fever fever cough fever

Fever 136 (98.6) 82 (83) 40 (98) 7 (25.0) 63 (85.14) 482 (84) 204 (49) 1014 (74)

Sore throat 24 (17.4) 5 (5) – 8 (28.6) 6 (8.11) 93 (16) 33 (7.93) 169 (12)

Rhinorrhea – 4 (4) – 2 (7.1) 2 (2.70) 35 (6) 18 (4.34) 61 (4)

Headache 9 (6.5) 8 (8) 3/38 (8) 7 (25.0) 16 (21.62) 51 (9) 196 (45) 290 (21)

Cough 82 (59.4) 81 (82) 31 (76) 8 (28.6) 53 (71.62) 382 (66) 329 (79) 966 (70)

Myalgia 48 (34.8) 11 (11) 18 (44) 7 (25.0) 10 (13.51) 61 (11) 246 (59) 401 (29)

Postnasal drip – – – – – – 29 (6.97) 29 (2.11)

Ear pain – – – – – – 13 (3.13) 13 (0.95)

Nasal obstruction – – – – 2 (2.70) 35 (6.07) 50 (12.02) 87 (6.33)

Facial pain/heaviness – – – – – – 54 (12.98) 54 (3.93)

Dyspnea 43 (31.2) 31 (31) 22 (55) – – – 19 (4.57) 115 (8.36)

Diarrhea 14 (10.1) 2 (2) 1 (3) 3 (10.7) 53 (71.62) – 51 (12.23) 124 (9.02)

Nausea 14 (10.1) 1 (1) – – 10 (13.52) – 21 (5.03) 46 (3.34)

Vomiting 5 (3.6) 1 (1) – – 11 (14.86) – 21 (5.03) 38 (2.76)

Abdominal pain 3 (2.2) – – 1 (3.6) – – 30 (7.19) 34 (2.47)

Dizziness 13 (9.4) – – – – – – 13 (0.95)

Table 2. Selected clinical presentation of patients with influenza and 
the common cold

Symptoms

Study: Monto et al.17 

Laboratory confirmed 
tested negative for 

influenza (n = 2470) (%)

Influenza (common 
cold) (n = 1274) (%)

Age, mean [years] 34.8 34.5

Sex
female
male

1223 (49.5)
1247 (50.5)

697 (54.7)
577 (45.3)

Main symptom myalgia myalgia

Fever 848 (68) 510 (40)

Sore throat 2075 (84) 1070 (84)

Rhinorrhea 2248 (91) 1032 (81)

Headache 2248 (91) 1134 (89)

Cough 2298 (93) 1019 (80)

Myalgia 2321 (94) 1198 (94)

Nasal obstruction  2248 (91) 1032 (81)

Loss of appetite 2272 (92) 1096 (86)

Weakness 2321 (94) 1198 (94)

Table 3. Selected clinical presentation of patients with SARS

Symptoms
Study

Booth et al.18

(n = 144) (%)
Lee et al.19 

(n = 138) (%)
Pooled data
(n = 282) (%)

Age, mean [years] 45 39.3 42.15

Sex
female
male

88 (61)
56 (39)

72 (52)
66 (48)

160 (57)
122 (43)

Main symptom fever fever fever

Fever 143 (99.3) 138 (100) 281 (100)

Sore throat 18 (12.5) 32 (23.3) 50 (18)

Rhinorrhea 3 (2.1) 31 (22.5) 34 (12)

Headache 51 (35.4) 31 (22.5) 128 (45)

Cough 100 (69.4) 79 (57.3) 179 (63)

Myalgia 71 (49.3) 84 (60.9) 155 (55)

Nausea 28 (19.4) 27 (19.6) 55 (19.5)

Vomiting 28 (19.4) 27 (19.6) 55 (19.5)

Diarrhea  34 (23.6) 27 (19.6) 61 (21.6)

Dizziness 6 (4.2) 59 (42.8) 65 (23)

Dyspnea  60 (41.7) –  60 (21.3)

Malaise 45 (31.2) – 45 (16)

Arthralgia 15 (10.4) – 15 (5.3)

Chest pain 15 (10.4) – 15 (5.3)

Abdominal pain  5 (3.5) –  5 (1.8)
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The data analysis involved frequency tables with nu-
merical and percentage values, descriptive statistics, and 
statistical tests. Statistical analysis was performed using 
IBM SPSS Statistics v. 25 software (IBM Corp., Armonk, 
USA). The tests involved in the data analysis were the χ2 
and Z-score tests. The non-parametric χ2 test was used 
to assess the differences in the appearance of symptoms 
in  studied diseases: COVID-19, influenza, SARS, and 
common cold. The level of statistical significance was set 
at p = 0.05.

The Z-score test was used to compare the results of in-
dependent studies with large sample sizes. It was used 
to compare patients with COVID-19 and patients with 
other diseases under study in pairs in terms of the fre-
quency of symptom appearance. Such an approach can 
determine which symptom was more likely to be observed 
in COVID-19, and can possibly lead to its diagnosis. Each 
studied disease was compared separately with COVID-19. 
The level of statistical significance was set at p = 0.05.

Results

The data regarding the symptoms in viral diseases was 
analyzed and the results are presented as descriptive and 
percentage values (Table 4). Moreover, the statistical sig-
nificance was assessed with a p-value <0.05. The ana-
lyzed cases of patients with viral diseases indicated that 
the distribution of symptoms was differentiated. Among 
individuals with COVID-19, the most frequently reported 
symptoms were fever (74%), cough (70%), muscular pain 
(29%), and headache (21%), whereas sore throat (12%) and 
rhinorrhea (4%) were observed at  lower rates (Table 4). 
Regarding patients with influenza, all of the symptoms 
were identified in the majority of cases: myalgia (94%), 
cough (93%), rhinorrhea (91%), headache (91%), sore throat 
(84%), and fever (68%) (Table 4). In common cold, 94% 
of patients endured muscle pain, the most frequent symp-
tom in that disease. Furthermore, 89% of the patients re-
ported headache, 84% sore throat, 81% rhinorrhea, and 80% 
cough; however, a fever was reported in only 40% of cases 
(Table 4). When it comes to individuals with SARS, fever 
was the symptom observed most often (100%). A cough was 

reported in 179 patients (63%), headache in 128 (45%) and 
rhinorrhea in 34 patients (12%). On the other hand, sore 
throat was identified only in 18% of patients with SARS 
(Table 4). These results, showing differences in the fre-
quency of symptoms in viral diseases were found to be 
statistically significant (p < 0.05; Table 4).

The statistical analysis using the Z-score test allowed 
us to assess which symptoms were more characteristic 
of  COVID-19 than of  other viral diseases. Fever was 
identified as the most frequent symptom in COVID-19 
(74%), appearing at a higher rate than in influenza (68%) 
or common cold (40%) (p < 0.05). On the other hand, 
100% of patients with SARS infection reported having 
a fever (Table 4). In comparison to the other viral diseases, 
patients with COVID-19 and SARS rarely reported sore 
throat (12% and 18%, respectively) (p < 0.05). However, 
in influenza and in common cold, cough was identified 
in 93% and 80% of patients, respectively (p < 0.05). Head-
ache, rhinorrhea, muscular pain, and sore throat were 
more common in  influenza (91%, 91%, 94%, and 84%, 
respectively) and in common cold (89%, 81%, 94%, and 
84%, respectively) than in COVID-19 (21%, 4%, 29%, and 
12%, respectively) or SARS (45%, 12%, 55%, and 18%, re-
spectively) (p < 0.05; Table 4). Other symptoms are also 
presented in Tables 1,2,3.

Discussion

To the best of our knowledge, this review is the first 
to compare the upper respiratory tract and influenza-like 
symptoms in COVID-19, SARS, influenza, and common 
cold. Knowledge of the frequency of upper respiratory tract 
symptoms and influenza-like symptoms in COVID-19, 
SARS, inf luenza, and common cold could be used 
in the differential diagnosis.

The  clinical classification divides COVID-19 into 
4 types based on the severity of the symptoms. The 1st 
one, the mild type, is defined as having slight clinical 
symptoms without pneumonia in  radiography, which 
can be asymptomatic or imitating the common cold.3,13,15 
The 2nd one, the moderate type, is defined as presenting 
with fever and/or respiratory symptoms, plus pneumonia 

Table 4. Comparison of symptom frequency between the studied diseases

 Variable COVID 19 Influenza SARS Common cold

Number of cases 1374 2470 282 1274

Fever 1014 (74%) 848 (68%) 281 (100%) 510 (40%)

Sore throat 169 (12%) 2075 (84%) 50 (18%) 1070 (84%)

Rhinorrhea 61 (4%) 2248 (91%) 34 (12%) 1032 (81%)

Headache 290 (21%) 2248 (91%) 128 (45%) 1134 (89%)

Cough 966 (70%) 2298 (93%) 179 (63%) 1019 (80%)

Myalgia 401 (29%) 2321 (94%) 155 (55%) 1198 (94%)

p < 0.00001; result are significant at p < 0.05.
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in radiography, which may resemble influenza.3,13 The 3rd 
one, the severe type, is diagnosed based on dyspnea (a re-
spiratory rate ≥30 times/min), a resting finger oxygen satu-
ration ≤93% and an arterial PaO2/FiO2 ratio ≤300 mm Hg 
(1 mm Hg = 0.133 kPa). The last, the critical type, is de-
fined as respiratory failure with shock and multiple organ 
failure, requiring mechanical ventilation and admission 
to the intensive care unit (ICU).3,14 The last 2 types can 
imitate SARS.

The analysis of clinical data in the study indicated sig-
nificant similarities in the frequency of the symptoms fe-
ver and cough in infections caused by SARS-CoV (100% 
and 63%, respectively) and SARS-CoV2 (74% and 70%, 
respectively). The results show that it may not be possible 
to distinguish among the viral diseases under study judg-
ing only by the clinical presentation. The study reveals 
that general symptoms, like headache and myalgia, or non-
specific upper respiratory tract inflammation symptoms, 
such as sore throat and rhinorrhea, are more likely to be 
found in patients with influenza or common cold than 
in patients with COVID-19. Ninety-four percent of pa-
tients with both influenza and the common cold reported 
myalgia, whereas in the case of COVID-19 patients, this 
symptom was observed in 29% of cases. The results show 
that an increased number of general symptoms should 
lead to a diagnosis of influenza rather than COVID-19. 
In the case of common cold, symptoms like headache, 
myalgia, rhinorrhea, and sore throat will appear more 
likely than fever. As in a study by Monto et al., comparing 
influenza and common cold, those factors can be used 
in common cold and COVID-19 for the initial differential 
diagnosis.17 Therefore, a  lack of fever and the presence 
of headache, myalgia, rhinorrhea, and sore throat could 
suggest a diagnosis of common cold.

Anosmia and gustatory dysfunction are characteristic 
signs of SARS-CoV-2 infection. Recently published studies 
have demonstrated that anosmia and hyposmia can appear 
before the respiratory symptoms of COVID-19, or even 
as the only sign of the infection.20 It should also be pointed 
out that anosmia and gustatory dysfunction can occur 
in patients who do not complain of nasal blockage or any 
other rhinitis symptoms.21 That could indicate direct dam-
age from the virus on the olfactory and gustatory receptors. 
Researchers from South Korea, China, Germany, France, 
and Italy have found that a significant number of individu-
als with COVID-19 were affected by hyposmia or anosmia. 
For example, in a study by Lechien et al.,  anosmia occurred 
in 86% of patients and gustatory dysfunction was present 
in 88.8% of patients.16 Further, in a study by Klopfenstein 
et al., anosmia occurred in 47% of patients and was associ-
ated with dysgeusia in 85% of cases.21 Those smell disorders 
are very rare in SARS or other coronavirus infections.22 
Therefore, the British Association of Otorhinolaryngol-
ogy (ENT-UK) includes a loss of the sense of smell in their 
list of COVID-19 markers of  infection.20 Lechien et al. 
also observed that 3% of COVID-19 patients complained 

of ear pain, 6.97% of postnasal drip and 13% of facial pain/
heaviness. In the other articles analyzed, those symptoms 
were not found; therefore, these symptoms were not taken 
into consideration.16 However, it has to be considered that 
asymptomatic and mild infections of SARS-CoV-2 are fre-
quent. That is why a physician should always treat their 
patients as potentially infected and follow appropriate 
precautions to avoid the further spread of the virus. Due 
to the non-specific symptoms presented in COVID-19, pa-
tients cannot be diagnosed solely by clinical presentation; 
only laboratory tests can confirm a diagnosis. The pres-
ence of a wide range of general symptoms (headache, rhi-
norrhea, myalgia, and sore throat) should lead physicians 
to clinically suspect influenza or common cold rather than 
COVID-19. This could then guide medical decisions to be 
made before confirmatory tests are available.

Real-time reverse transcriptase-polymerase chain re-
action (RT-PCR) is a specific molecular examination for 
SARS-CoV-2. It  is performed on specimens which are 
obtained mainly from nasopharyngeal swabs or oropha-
ryngeal swabs, but also from the stool.23,24 Wang et al. 
recommend samples from the  lower respiratory tract 
of the patients (sputum and bronchoalveolar lavage fluid), 
although nasopharyngeal swab is more commonly used 
and easier to obtain.24,25 Recent studies suggest that chest 
computed tomography (CT) is a sensitive diagnostic tool 
for COVID-19 diagnosis with a sensitivity of 97% in a pa-
tient with positive RT-PCR tests.24,26 Interestingly, even 
asymptomatic patients with COVID-19 had radiological 
changes in their lungs 1 day after exposure, which is also 
helpful in  differential diagnostics.14 In  influenza, RT-
PCR and viral culturing have a sensitivity close to 100%, 
but the turnaround time for a viral culture is 3–10 days 
compared to  1–8  h  for RT-PCR.9 In  SARS, RT-PCR 
is the method of the first choice for detection.27

Conclusions

Although further investigation is required to strengthen 
the observation made in the present study, our results add 
some evidence that could be used in the differential diag-
nosis of COVID-19, SARS, influenza, and common cold.
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