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Editorial

Dear Readers,

It is my great honor and privilege to welcome you to the first 2017 issue of Advances in Clinical and Experi-
mental Medicine. The beginning of 2017 is a special time for several important reasons. Our bimonthly cele-
brates its 25th anniversary, which gives us a reason to look back and appreciate efforts of all editors, members 
of the Editorial Board and many other people involved in the publishing process. It is thanks to their contribu-
tion, hard work and dedication that our journal (first published only in Polish) has expanded from a local uni-
versity periodical to a high-profile scientific journal with an impact factor and indexed in prestigious scientific 
databases. Today, Advances in Clinical and Experimental Medicine is a well-known journal not only in Poland, 
but also in the world. Its current success and place in the publishing market would have been impossible if 
not for the pivotal role of professor Maria Podolak-Dawidziak, its Editor-in-Chief since 2008. Her extraordi-
nary dedication and commitment to the development of the journal deserves particular recognition. From the 
beginning of this year professor Podolak-Dawidziak will no longer be the Editor-in-Chief, but her achieve-
ments will long remain in our memory.

Today, with a new scientific committee and the Editorial Board we begin a new chapter and a great chal-
lenge. Our main objectives and tasks are to maintain the journal’s already high scientific level, keep pace with 
modern editorial forms, and with the principles of fairness and objective assessment. As the new Editor-in-
Chief I would like to assure you on behalf of myself and all new members of the Editorial Board that we will 
make every effort to further develop Advances in Clinical and Experimental Medicine and remain a forum for 
exchange of views and experiences between representatives of clinical sciences and basic disciplines from dif-
ferent scientific centers.

We want our journal to constantly widen its circle of writers, to remain an attractive and important publish-
ing venue for scientists hailing from different countries and continents. Because each publication is a perma-
nent mark on a researcher’s scientific career, we want Advances in Clinical and Experimental Medicine to be 
a valuable one.

 
Yours faithfully, 

prof. dr hab. Maciej Bagłaj

Editor-in-Chief 
Advances in Clinical and Experimental Medicine
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Abstract
Background. Leukocytes in transfused blood components, particularly residual lymphocytes, have been 
shown to contribute to the occurrence of various adverse reactions. One of the most severe is transfusion-
associated graft versus host disease (TA-GvHD) following transfusion of blood components contaminated 
with immunocompetent T lymphocytes. Irradiation is a routine method for protection against TA-GvHD. 
According to the literature, some pathogen reduction methods have also been proven effective for the inac-
tivation of T lymphocytes, and so they may be considered as an alternative to irradiation.

Objectives. Comparison of CD69 antigen expression and the integrity of the leukocyte cellular membrane 
in stored platelet concentrates (PCs) following irradiation with the Gammacell 3000 Elan (Nordion Inc., 
Ottawa, Canada) and treatment with the Mirasol® Pathogen Reduction Technology (PRT) System (Terumo 
BCT, Lakewood, USA).

Material and methods. The study included seven experiments. For each experiment we used 3 PCs, 
for Mirasol® PRT System treatment (M), for Gammacell 3000 Elan irradiation (R), and for the control (C). 
7-amino-actinomycin D (7-AAD, Becton Dickinson, Franklin Lakes, USA) permeability was used to de-
termine lymphocyte viability while CD69 antigen expression was the marker of lymphocyte activation. 
Analyses of 7-AAD and CD69 antigen expression were performed in a FACS Canto I flow cytometer (Becton 
Dickinson, USA).

Results. During 6 storage days, viable lymphocyte count decreased to 28% (p = 0.001) in the Mirasol® 
PRT System treated PCs and to 65% (p = 0.004) in the irradiated PCs. A statistically significant increase in 
CD69 expression in the irradiated PCs was observed; 1.3-fold on day 3 and 1.5-fold on day 6. In the Mira-
sol® PRT System treated PCs, no statistically significant increase was observed.

Conclusions. The in vitro results suggest that the Mirasol® PRT System is as effective as irradiation due to 
donor leukocyte inactivation capacity.

Key words: blood component, leukocyte viability, CD69
DOI
10.17219/acem/68290
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Leukocytes in transfused blood components, particularly 
residual lymphocytes, have been shown to contribute to the 
occurrence of a variety of adverse reactions. A particularly 
serious post-transfusion complication/reaction is trans-
fusion-associated graft versus host disease (TA-GvHD) 
following the transfusion of immunocompetent T  lym-
phocytes, which the recipient’s immunological system is in-
capable of destroying. TA-GvHD, although extremely rare 
(0.1–1% of all serious adverse events and reactions accord-
ing to Serious Hazards of Transfusion (SHOT)), is associat-
ed with a high mortality rate (80–90%) due to lack of effec-
tive treatment. It is therefore a serious clinical challenge.1–3

To date, the only routine method used for the preven-
tion of TA-GvHD in high-risk patients was transfusion of 
cellular blood components subjected to gamma irradiation 
(Cs137, Co60) or X-ray.4,5 Advancement in pathogen inacti-
vation methods has demonstrated that some inactivation 
methods induce irreversible changes in the nucleic acids of 
viruses, bacteria or protozoa by inhibiting their replication 
and have similar effect on leukocytes. It stands to reason 
that they may also prove effective for inactivation of T lym-
phocytes. This implies that some pathogen inactivation 
methods may be considered as an alternative to gamma 
irradiation. In  some countries (France, Spain, Austria, 
Luxemburg), platelet concentrates (PCs) for high-risk pa-
tients are subjected exclusively to pathogen inactivation 
with the Mirasol® PRT System or the Intercept™ Blood 
System.6,7

In  Poland the Mirasol® PRT System was introduced 
in 2009, first for fresh frozen plasma (FFP) then for PCs. 
The Mirasol® PRT System is based on exposure to ribofla-
vin (vitamin B2) and UV-light. The process induces irrep-
arable damage to nucleic acids and so inhibits the replica-
tion of pathogens and white blood cells/leukocytes. In this 
way, the infectivity of blood components is reduced and 
the recipient is protected against TA-GvHD.8,9 The effi-
cacy of the leukocyte inactivation process, mononuclear 
T cells (MNCs) in particular, is determined in such in vitro 
studies as an evaluation of proliferation parameters, limit-
ing dilution assay (LDA) or assessment of DNA modifica-
tion. In use, however, there are also other tests that can 
serve as indirect measurement of leukocyte inactivation. 
Among others, these include: CD69 antigen expression 
and integrity of the leukocyte cellular membrane. The fo-
cus of the study was the comparison of CD69 antigen ex-
pression and integrity of leukocyte cellular membrane in 
stored platelet concentrates (PCs) following irradication 
with the Gammacel 3000Elan (Nordion, Canada) and 
treatment with the Mirasol® Pathogen Reduction Tech-
nology (PRT) System (Terumo BCT, USA). Comparison 
of CD69 antigen expression and integrity of leukocyte 
cellular membrane in stored platelet concentrates (PCs) 
following irradiation with the Gammacell 3000 Elan 
(Nordion, Canada) and treatment with the Mirasol® 
Pathogen Reduction Technology (PRT) System (Terumo 
BCT, USA).

CD69 antigen expression is an early marker of T lym-
phocyte inactivation. CD69 antigen expression also ap-
pears on B  lymphocytes and macrophages and partici-
pates in transmission of the activating signal which leads 
to synthesis of various cytokines such as interleukin-2 
(IL-2) and interferon-γ (IFN-γ).10

Although the lack of T  cell proliferative capacity con-
firmed in LDA as well as the inhibition of nucleic acid ampli-
fication are standard and well described evaluation methods 
for an assessment of lymphocyte inactivation, there are also 
other methods that can be considered additional parameters 
for measuring lymphocyte inactivation in the Mirasol® PRT 
System. These include: viability of lymphocytes (7-AAD) 
and integrity of leukocyte cellular membrane.11

The effect of inactivation was measured with flow cy-
tometry by evaluation of lymphocyte survival with 7-AAD 
assay. 7-AAD is a fluorescent dye with strong DNA affin-
ity which labels DNA in damaged, nonviable cells. Due to 
a  lower wave-length and less intensive fluorescence, it is 
a useful alternative to propidium iodide (PI) and enables 
simultaneous staining with phycoerythrin (PE)-labeled 
antibodies. Although 7-AAD is not as bright as PI, nonvi-
able cells can easily be distinguished from viable cells.12,13 
The effect of lymphocyte inactivation can also be evalu-
ated based on expression levels of lymphocyte activation 
markers. One of such markers is the CD69 surface mol-
ecule, a  widely expressed leukocyte receptor with rapid 
kinetic onset after activation. It  regulates the immuno-
logical system by modulating the expression of various 
cytokines and contributes to the regulation of type I and 
II interferon (IFN). It also plays an important role in T-cell 
homeostasis. CD69 has also been implicated in the devel-
opment of autoimmune diseases. Despite extensive stud-
ies, the function of CD69 in the immune response against 
infective intracellular pathogens has not yet been eluci-
dated.14

The focus of the study is to compare the effect of gam-
ma-irradiation and the Mirasol® PRT System on PC lym-
phocyte viability and activation.

Material and methods

Preparation of platelet concentrates

The study included seven experiments. For each experi-
ment we used 3 PCs for Mirasol® PRT System treatment 
(M), for Gammacell 3000 Elan irradiation (R), and for con-
trol (C). The same type of bag was used for storage of all 
of the PC units. The average PC volume was 234 mL for 
M, 227 mL for R and 236 mL for C. The average platelet 
count per unit was 3.4 × 1011 for M, 3.33 × 1011 for R and 
3.50 × 1011 for C. The average leukocyte count was 225 
× 106 for M, 204 × 106 for R and 212 × 106 for C. The PCs 
were prepared according to Polish guidelines.15
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Gammacell 3000 Elan and Mirasol® 
PRT System

The gamma irradiation source was a Gammacell 3000 
Elan irradiator with radioactive 137Cs (powder chloride 
caesium) in a double stainless steel capsule at an absorp-
tive dose of 25 Gy*. It  is the requirement of the quality 
assurance (QA) system that the distribution of absorbed 
dose is verified every three years and a  leak test is per-
formed annually.16 Pathogen inactivation was performed 
with the Mirasol® PRT System which is comprised of an 
illuminator and a set of disposable bags. After adding ri-
boflavin (35 mL riboflavin: 500 μM in 0.9% sodium chlo-
ride) to the PCs in the illumination bag, the component 
was placed in the illuminator and exposed to UV light for 
approximately 6–10  min. Time duration was automati-
cally calculated by the system based on PC volume. Light 
energy was 6.24 J/mL. Following illumination, the PCs 
were stored for 6 days.17

The study procedure ran as follows; 35 mL of 500 µM ri-
boflavin solution was added to the PCs in group M, 35 mL 
of saline solution (0.9% NaCl, Ravimed, Poland) was add-
ed to the PCs in groups R and C. The M group bags were 
immediately illuminated for about 6  min at 6.24 J/mL.  
At the same time, the R group bags were irradiated and 
put in storage for 6 days at 22°C with agitation (Helmer, 
Fresenius Kabi, USA) and the C group bags were put in 
storage for 6 days at 22°C with agitation. On days 1, 3 and 
6, samples for flow cytometric analysis were collected 
from bags M, R and C.

Flow cytometry analysis

Permeability to 7-AAD dye was used as the measure 
of lymphocyte survival rate while anti-CD69-APC stain-
ing (Becton Dickinson, Franklin Lakes, USA) was used 
to assess lymphocyte activation. PC samples were con-
currently stained with anti-CD45-PE antibodies (Becton 
Dickinson, Franklin Lakes, USA) for identification and 
gating purposes. The fluorescence-labeled samples were 
analyzed by three-color analysis using a  flow cytometer. 
 Before each run, the cytometer was calibrated with Setup 
and Tracking beads (Becton Dickinson, Franklin Lakes, 
USA) and color-compensated with CaliBRITE beads for 
4-color flow cytometer setup using CaliBRITE APC with 
CaliBRITE 3 (Becton Dickinson, Franklin Lakes, USA).

Lymphocyte identification

List-mode data files containing at least 1000 CD45+ 
lymphocytes were collected for subsequent offline analy-
sis using FACSDiva software (Becton Dickinson, Frank-

* A gray is a derived unit of ionizing radiation dose in the Inter-
national System of Units (SI). It is defined as the absorption of 
one joule of radiation energy per kilogram of matter.

lin Lakes, USA). CD45+ lymphocytes were identified by 
gating on CD45 bright fluorescence and low side scatter 
(Fig. 1A, blue gate).

Lymphocyte viability

Lymphocytes in the CD45+ gate were analyzed for 
7-AAD fluorescence and displayed as dot plots (CD45 vs 
7-AAD). The  proportion of unstained cells, not perme-
able to 7-AAD, (viable) and stained cells, 7-AAD perme-
able, (nonviable) was determined by setting the marker 
immediately to the right of the lymphocyte population 
in the untreated controls on day 1 after PC preparation 
(Fig. 1A, B). The population of nonviable cells fell in re-
gion Q2 (CD45+7-AAD+). The population of viable cells 
occupied region Q1 (CD45+7-AAD-).

CD69 activation assay

CD69 expression (unstimulated) was examined only 
for viable lymphocytes (CD45+7-AAD-) and displayed as 
dot plots CD69 vs 7-AAD. To determine the number of 
activated lymphocytes, the marker was set by using the 
appropriate isotype control (mouse IgG1-APC, Becton 
Dickinson, Franklin Lakes, USA). The result was > 97.5% 
of CD69 negative cells within the Q1 region. CD69 posi-
tive viable cells (activated) were located in region Q4-1 
(CD69+7-AAD-) (Fig. 1A, C). The Mean Fluorescence In-
tensity (MFI) of CD69 was determined for all CD45+ and 
7-AAD non-permeable cells.

Statistical analysis

All reported values were calculated with STATISTICA 10  
(StatSoft Inc.) statistical software program. The  differ-
ences between groups were evaluated by paired two-
tailed t-tests. P-values < 0.05 were considered statistically 
significant.

Results

Lymphocyte viability

Permeability to 7-AAD staining was the criterion for 
differentiation between the two populations of cells: per-
meable-nonviable cells 7-AAD(+) and non-permeable-
viable cells 7-AAD(-).

The gates for analysis were determined on day 1 using 
control samples (Fig. 1B). Immediately after gamma irra-
diation and Mirasol® PRT System treatment, the percent-
age of viable cells 7-AAD(-) on day 1 was approximately 
99% in all tested samples (C, M and R). In all control sam-
ples, the number of viable cells did not decrease signifi-
cantly during the 6 days of storage and was maintained at 
a level of over 96% (Fig. 2). Cell viability significantly de-
creased during storage in both the R and M treated sam-
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ples. During the 6 days of storage, the number of viable 
cells decreased to 28% (p = 0.001) and to 65% (p = 0.004) 
following Mirasol® PRT System treatment and gamma ir-
radiation, respectively. The  percentage of viable cells in 
the M treated samples was also significantly lower than in 
the R samples (p = 0.001) (Fig. 1B, Fig. 2).

Lymphocyte activation:  
CD69 expression

CD69 expression and the mean fluorescent intensity 
of CD69 were determined only for viable cells 7AAD(-) 
(Fig. 1B). Lymphocyte activation, presented in the form of 
a percentage of CD69 expression, ranged from 20% to 40% 
of the CD69-positive cells throughout the storage period 
(day 1, 3 and 6). The Mean Fluorescent Intensity (MFI) of 
CD69 was the lowest in the M treated samples (Table 1). 
Due to the small number of experiments (n = 7), the com-
parison of average values was less representative and so 
CD69 expression was monitored as a ratio of treated/con-
trol values in individual PC units. In relation to the controls, 
the values below 1 represent a decrease in CD69 expression 
and values above 1 represent an increase (Fig. 3). Imme-

diately after Mirasol® PRT System treatment, a statistically 
significant (1.4-fold) decrease in the number of CD69-posi- 
tive lymphocytes was observed as compared to untreated 
controls; the tendency was reported for the entire storage 
period (p < 0.001). On storage day 3, no changes in CD69 
expression were observed in the R PCs as compared to the 
C PCs. On day 6 however, there occurred a slight, though 
statistically significant, increase in the number of CD69-
positive lymphocytes (p < 0.05). Moreover, CD69 expres-
sion on the lymphocytes in the M  treated PCs was sig-

Fig. 1. Flow cytometry analysis. A – principle 
of the cytometry analysis. Cytogram “a” 
presents the method of separation of 
lymphocytes with low SSC and high intensity 
of CD45 expression (blue gate). Cytogram 
“b” presents 7-AAD expression on control 
lymphocytes on storage day 1. Viable cells 
are located in Q1 and nonviable cells in 
Q2 (CD45+7-AAD+) (red gate). 7-AAD 
expression in control samples on day 1 was 
the reference for samples on all consecutive 
days. Cytogram “c” presents CD69 expression 
on CD45+7-AAD- lymphocytes. Activated 
CD69+ lymphocytes are located in the 
Q4-1 region. CD69-positive cell marker was 
based on the expression of the isotope 
control. B – 7-AAD and CD69 expression on 
lymphocytes in controls following irradiation 
and Mirasol® PRT System on day 6 of storage

Table 1. CD69 mean fluorescence intensity (*MFI) in samples during 6-day 
storage

Time point Sample CD69 MFI* Mean ± SD

Day 1 C
R
M

502 ± 141
513 ± 135
379 ± 107

Day 3 C
R
M

646 ± 153
621 ± 148
383 ± 126

Day 6 C
R
M

675 ± 167
689 ± 115
370 ± 121
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nificantly lower than on lymphocytes in the R PCs (day 1: 
p < 0.01, day 3: p < 0.01 and day 6: p < 0.001) (Fig. 1B, Fig. 3). 
The values of CD69 expression in the C, R and M samples 
on storage days 3 and 6 indicated that the percentage of 
activated lymphocytes in the control samples did not 
change significantly during storage compared to the val-
ues obtained on day 1. A statistically significant increase in 
CD69 expression in the stored R PC samples was observed; 
1.3-fold and 1.5-fold on days 3 and 6, respectively. In the 
M  treated samples, no statistically significant increase in 
CD69 expression was observed (Fig. 4).

Discussion
TA-GvHD is caused by viable lymphocytes in blood 

components. It is diagnosed in severely immunocompro-
mised patients as well as in patients with some degree of 
HLA homozygosity with the donor of the blood compo-
nent.1 During storage of transfusion-dedicated PCs, nu-
merous soluble factors are released by residual leukocytes 
and platelets, including pro-inflammatory cytokines and 
chemokines. The  concentration of these soluble factors 
varies depending on the method of PC preparation and 
leukocyte content in the blood components.18

To date, gamma irradiation has been the main tech-
nology used for inactivation of residual lymphocytes in 
transfusion-dedicated blood components and for TA-
GvHD prevention. Irradiation technology, however, is 
not effective for pathogen reduction. To reduce the risk 
of pathogen transmission, many countries have there-
fore implemented pathogen reduction technologies, 
which have also been found effective for lymphocyte 
inactivation in blood components dedicated for clini-
cal use. In the case of platelets, these technologies are 
the Mirasol® PRT System and Intercept™ Blood Sys-
tem, which are also effective for T lymphocyte inacti-
vation.6,7

Literature reviews confirm that pathogen reduction 
technology methods (Mirasol® PRT System and Inter-
cept™ Blood System) have proved effective for leukocyte 
inactivation in cellular blood components. This implies 
that pathogen inactivated PCs (with either the Mirasol® 
PRT System or Intercept™ Blood System) are as safe for 
patients at risk of TA-GvHD as irradiated PCs.11–13

This study focused on leukocyte inactivation with the 
Mirasol® PRT System because this pathogen-reduction 
system is in routine use in most Polish blood transfusion 
centers. Another reason for the choice of the Mirasol® 

Fig. 2. Viability of lymphocytes during 6 days of storage measured by 
percentage of non-permeable viable cells 7-AAD(-) in PCs subjected to 
irradiation and Mirasol® PRT System. (*) indicates a statistically significant 
difference between study samples (R, M) and control samples (C). (#) 
indicates a statistically significant difference between R samples and 
M samples. Results are shown as mean and standard deviation

Fig. 3. Changes in lymphocyte CD69 expression on days 1, 3 and 6 
in R samples and M samples as compared to C samples. Coefficient 
values indicate the increase or decrease of parameters calculated as 
ratio: %CD69+ in the treated/control samples. A separate analysis was 
performed for each study experiment (n = 7). (*) indicates a statistically 
significant difference between R and M samples and C samples. (#) 
indicates a statistically significant difference between R samples and 
M samples. Results are shown as mean and standard deviation

Fig. 4. Changes in lymphocyte CD69 expression after 6 days of storage in C, 
R and M samples. The coefficient value reflecting the increase or decrease 
of parameters was calculated as ratio: %CD69+ after 3 days and 6 days of 
storage/value on day 1. A separate analysis was made for each consecutive 
experiment series (n = 7). (*) indicates a statistically significant difference 
compared to day 1. Results are shown as mean and standard deviation
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PRT System is that, to date, the Intercept™ Blood System 
has been far better described in literature than Mirasol.

In  the study, lymphocyte viability and the CD69 early 
activation marker were the two parameters monitored 
on unstimulated lymphocytes in non-leukoreduced PCs 
during 6 days of storage with the purpose of evaluation 
of the effectiveness of both Mirasol® PRT System treat-
ment and Gammacell 3000 Elan irradiation. The Mirasol® 
PRT System was found even more effective for lympho-
cyte inactivation than gamma irradiation. After 6  days 
of storage, a  significant decrease in the number of vi-
able lymphocytes in the M group of PCs was reported 
(from 99% to 28%) whereas the number of viable lym-
phocytes in the C  group of PCs remained at the same 
level (> 95%) throughout the 6 days of storage. The de-
crease in the number of viable lymphocytes in the 
R  group of PCs was smaller (from 99% to 65%). Simi-
lar results were reported by Jackman et  al., who used 
amine reactive dye; only about 5% of viable cells were 
found in the M  treated PCs (already on storage day 3)  
while about 50% were reported in the R PCs.19

According to Diacovo et al., an interaction occurs be-
tween lymphocytes and activated platelets that results 
in lymphocyte activation and higher CD69 expression.20 
Pόcsik et al. reported an increase in the expression of the 
interleukin-2 receptor, CD26, activation-inducer mol-
ecule (AIM, CD69) and transferring receptors (CD71) 
3 days after allotransfusion of platelets, which indicated 
an important functional molecule expression on lympho-
cytes activated by allogenic platelets.21 Our study results 
comply with this observation; after one-day storage, ap-
proximately 35% of untreated lymphocytes were found 
CD69-positive and the level of activated lymphocytes re-
mained the same during the entire storage period. A simi-
lar percentage of activated lymphocytes was observed 
in the R PCs, but the percentage and intensity of CD69 
expression increased 1.2-fold on day 6 of storage as com-
pared to the C samples. In the M PCs, however, the acti-
vated lymphocyte count decreased by about 1.4-fold on 
day 1 as compared to the C samples. The level was main-
tained throughout the whole storage period.

Fast et al. demonstrated that the Mirasol® PRT System 
inhibits the proliferative capacity of T lymphocytes. This 
was confirmed by a complete lack of CD69 expression in 
the M treated T cells (1.7 ± 1.3%) in comparison to CD69 
antigen expression in the control cells: 64.4  ±  15.6%. 
CD69 antigen expression is the measure of T lymphocyte 
proliferative capacity.9

Unlike gamma irradiation, the Mirasol® PRT System is 
reported in literature analyses as effective for the preven-
tion of antigen presentation and therefore also cytokine 
synthesis. The Mirasol® PRT System may be responsible 
for reduced production of cytokines which are involved in 
non-haemolytic transfusion reactions and production of 
the alloantibodies involved in adverse transfusion-related 
reactions.21 The Mirasol® PRT System may also be used 

for inactivation of leukocytes in blood components due to 
inhibition of nucleic acid replication.11

The  in vitro results for the three PC study groups  
(C, R and M) suggest that the Mirasol® PRT System is as 
effective as gamma irradiation due to its capacity to inac-
tivate donor leukocytes.
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Abstract
Background. The problem of effective treatment of dentin hypersensitivity is still valid and not fully re-
solved.

Objectives. The aim of the study was to evaluate the potential toxicity against body tissues of an experi-
mental preparation which is supposed to reduce dentin hypersensitivity and to compare it to a commercial 
formulation Seal & Protect (Dentsply) by means of measuring the activity of mitochondrial dehydrogenases 
(the MTT assay).

Material and methods. The study used an original protective formulation which is supposed to eliminate 
hypersensitivity of dentin. A commercial preparation Seal & Protect (Dentsply) was used as the comparative 
material. Cytotoxic activity of the tested preparations (experimental and commercial) on murine lympho-
cyte cells CCL-1™ (NCTC clone 929) was determined in indirect contact with the use of the MTT test that 
measured the activity of the mitochondrial dehydrogenase enzyme.

Results. A comparison of the results obtained in the MTT assay for the commercial preparation Seal 
&  Protect (Dentsply) and the experimental formulation indicates that an experimental formulation has 
considerably lower cytotoxicity before polymerization, when compared to the commercial formulation, 
regardless of its dilution. However, after the polymerization of the commercial formulation was completed, 
its parameters improved significantly, especially for higher dilution values (1 : 10 and 1 : 15). Results for 
the experimental formulation are higher, particularly for the dilution value of 1 : 5. The overall summary of 
the results obtained from the MTT assay for the commercial preparation Seal & Protect (Dentsply) and the 
experimental formulation indicates that the experimental formulation had a significantly lower cytotoxicity 
before polymerization in comparison with the commercial formulation, regardless of dilution.

Conclusions. Estimating the biocompatibility of a given material is not simple, and measurement meth-
ods are rapidly evolving, as more and more is known about the interaction between dental materials and 
oral tissues, and also as a result of improvements in testing techniques.

Key words: cytotoxicity tests, dentine, hypersensitivity
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The  problem of effectively treating dentin hypersen-
sitivity is still valid and not fully resolved. An  effective 
preparation used to eliminate hypersensitivity of dentin 
should have the following characteristics: it should be 
gentle to the pulp and not irritate it, quickly produce the 
desired therapeutic effect, be easy to apply, provide long-
lasting therapeutic effect, not cause pain during applica-
tion, cannot discolor teeth. Despite many attempts, a for-
mulation that meets all the expectations of dentists and 
provides full clinical efficacy has not yet been developed.

As new materials and preparations used in dentistry 
emerge and improve, assessments of their effectiveness 
are accompanied by research of the potentially harmful 
effects they may have on soft tissue of the mouth, i.e. pulp, 
mucosa, gum tissue.1−3 In order to analyze cell cytotox-
icity of bonding systems and dental preparations based 
on polymer resins, tests carried out in accordance with 
a variety of research protocols are used for that purpose. 
Bacterial cultures are exposed to complex compounds or 
extracts of individual components that constitute these 
substances.

One of those tests is based on measuring mitochon-
drial dehydrogenase activity (the MTT assay), a  part of 
the classic canon of tests used to assess cytotoxicity. This 
allows us to measure various changes reflecting the cy-
totoxic activity, e.g. the number of live cells, sometimes 
in combination with an assessment of membrane integ-
rity, an indication of enzymatic activity associated with 
the metabolism of the cell, a determination of the ability 
of cells to divide or an indication of the total content of 
protein or DNA in the cell cultures. The quality of results 
obtained in these tests is influenced by many factors, in-
cluding the stability of the cell line used, the validation of 
the study protocol, and the optimal choice of techniques 
corresponding to the needs of a given research.4

The aim of the study was to evaluate the potential toxic-
ity against body tissues of the experimental preparation 
which is supposed to reduce dentin hypersensitivity and 
to compare it to a commercial formulation Seal & Protect 
(Dentsply) by means of measuring the activity of mito-
chondrial dehydrogenases (the MTT assay).

Material and methods
The study used an original protective formulation which 

is supposed to eliminate the hypersensitivity of dentin. 
The  formulation contains PMMAn  monomer (2-(7- 
-methyl-1,6-dioxo-2,5-dioxa-7-oktenylo) trimellitic anhy-
dride) with adhesive properties, as well as anhydride and 
carboxylic functional groups which are reactive to dentin. 
PMMAn does not contain a potentially therapeutic frag-
ment, so, in addition, the formula has been enriched with 
a therapeutic ingredient − triclosan (≈ 5%). Methacrylate 
resin with a photoinitiator system constitutes ≈ 50% of the 
preparation. Moreover, ≈ 3% of hydroxyapatite nanopow-
der (HA) and ≈ 1% of potassium fluoride (KF) was also 
added. Anhydrous acetone was used as the organic solvent 
in this formulation, constituting ≈ 31% of its total amount. 
A commercial preparation Seal & Protect (Dent sply) was 
used as the comparative material (Table 1).

Measurement of mitochondrial 
dehydrogenase activity (the MTT assay)

Cytotoxic activity of the tested preparations (experi-
mental and commercial) on murine lymphocyte cells 
CCL-1™ (NCTC clone 929) (Figs. 1, 2) was determined in 
indirect contact with the use of the MTT test that mea-
sured the activity of the mitochondrial dehydrogenase 

Table 1. Basic chemical ingredients included in the dental preparations used to decrease hypersensitivity of dentin − commercial formulation Seal & Protect 
(Dentsply) and the experimental preparation

Functionality of the ingredient

Commercial formulation
Seal & Protect (Dentsply)

Experimental 
preparation

ingredient mass percentage 
(%) ingredient mass percentage 

(%)

Methacrylic resin UDMA
TMPTMA

12.19
 6.51

UDMA, bis – GMA, TEGDMA 
(1 : 1 : 1)

55.40

Photoinitiator system P - (N, N-dimethylamino) – ethyl 
benzoate

 1.44 camphorquinone
DMAEMA

 0.33
 1.10

Adhesive monomer PENTA–P 16.09 PMMAn  2.77

Solvent acetone 56.50 acetone 31.40

Inorganic filler whose presence may result 
in closure of dentinal tubules

amorphous silica N/D hydroxyapatite  2.77

Source of fluorine and potassium, blocks  
dentinal tubules, removes the feeling of pain

methyl fluoride  1.30 KF  0.72

Antibacterial compound, reacts to 
the following strains: Staphylococcus, 
Streptococcus, Myctobacterium

triclosan  5.62 triclosan  5.54

Antioxidant BHT  0.34 – –
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enzyme. This test evaluates the capacity of mitochon-
drial succinate dehydrogenase secreted by living cells to 
initiate the conversion of soluble yellow tetrazolium salt 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) to formazan. The reaction proceeds mainly in 
the cytoplasm with the participation of the NADH dehy-
drogenase/NAD + and NADPH/NADP +. The resulting 
water insoluble formazan dissolves in DMSO.

Methodology of tests

The  extraction of murine lymphocyte cells CCL-1™ 
(NCTC clone 929) to the culture medium (DMEM) was 
planned for 24 h and 7 days. Extraction was carried out 
in sterile polypropylene plates (96 Well Storage Plate Flat 
Bottom Ltd., Non-Treated Costar-Corning Incorporated 
NY, 14831 USA). Prior to the test, new plates were washed 

twice with distilled water, dried at 50°C  in an incubator, 
placed in a  Petri dish and transferred to an autoclave 
(121°C/20 min/2 atm absolute pressure relative to vacuum)

Extraction of non-polymerized preparations

Twenty-five mL of the tested preparations (experimental 
and commercial) was added to each plate. In order to obtain 
the desired dilution, volume presented below were used: 
1 : 5 dilution of 25 mL + 100 mL of culture fluid (DMEM); 
1 : 10 dilution of 25 mL + 225 mL of culture fluid (DMEM); 
1 : 15 dilution of 25 mL + 350 mL of liquid culture medium 
(DMEM).

The solvents were evaporated for 3 days at 37°C in an in-
cubator with the plates secured against uncontrolled evap-
oration of the liquid. Afterwards, the formulations were 
extracted. Extractions were performed in an incubator at 
37°C with the plates secured against uncontrolled evapo-
ration of the liquid. The following mixture volumes: 5 µL, 
2.5 µL and 1.6 µL were used to obtain subsequent dilutions.

Extraction of the polymerized preparations

Twenty-five mL of the tested preparations (experimental 
and commercial) were polymerized before the extraction 
with a polymerization lamp halogen − HILUX 200 (600 mW/
cm2) – Visible Light Curing Express for dental applications.

After extracting the polymerized and unpolymerized 
preparations, pH was measured (pH-indicator strip) in 
the obtained extracts. Neutralization took place in the pH 
range of pH 7.2–7.3.

Murine lymphocyte cells CCL-1™ after treatment with 
the tested agents (experimental and commercial prepara-
tion) were rinsed and then added to a solution of MTT 
to give a  final concentration of 1.1 mM and the culture 
was continued for 4 h. After this time, the cells were cen-
trifuged, the supernatant was poured off and DMSO was 
added to the cells for 20  min to obtain a  dissolution of 
formazan. The solution was collected after 20 min to de-
termine the optical density (OD550) using an automatic 
spectrophotometric reader at a  wavelength of 550  nm. 
6-fold repetition of the measurements was used for each 
plate of polymerized and unpolymerized preparations. 
The values of mitochondrial dehydrogenase MTT, which 
determine the percentage of live cells for the tested for-
mulations, were calculated based on the formula:

% live cells = [AB/AK] × 100%

Percentage of cytotoxicity (% dead cells) was deter-
mined from the following formula:

                                100% − (AB × 100%)            cytotoxicity (%) =                                                             AK

where:
AB − absorbance of tested sample,
AK − absorbance of control sample.

Fig. 1. Murine lymphocyte cells CCL-1™ (NCTC clone 929) used in the tests: 
control group

Fig. 2. Murine lymphocyte cells CCL-1™ (NCTC clone 929) used in the tests 
after etching
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Statistical methods used for analysis 
of the results of the MTT asssay

As part of the statistical analysis of the results of re-
search on the measurement of mitochondrial dehydroge-
nase activity in the MTT assay, estimate values of basic 
descriptive parameters were calculated: the arithmetic 
mean, the expected value, standard deviation, minimum 
and maximum values, as well as the median and quartiles 
(first and third). At the same time, distribution in each 
analyzed case was (positively) verified in relation to the 
normal distribution (Shapiro-Wilk test). Thus, it became 
possible to use a parametric test of significance: Unifor-
mity test of 3 means (ANOVA) −  for differences due to 
the dilution and a  test for two means from the point of 
view of the differences between the formulations. In justi-
fied cases, when there was a significant difference, a test 
of homogeneity of 3 means was supplemented with com-
parisons of means in pairs (each with each) using Tukey’s 
least significant difference NIR algorithm (multivariate 
post-hoc analysis). Tests for two means were preceded 
each time with a  test for two variances, which allowed 
the correct choice of test variant for two means. Statisti-
cal analysis of the data was performed using the program 
STATISTICA v. 6.0 (StatSoft/Sum license).

Results
The  values obtained from measurements of the activ-

ity of mitochondrial dehydrogenase MTT which reflect 
the percentage of live cells for the tested preparations − 
commercial and experimental – were converted on the as-
sumption that the MTT assay allows for the determination 
of the “vitality” of the cells treated with the tested formula-
tions. To determine the indirect cytotoxicity (% dead cells 
in the MTT test) a formula to establish the CT% value was 
used. The results, including the mean value and standard 
deviation (SD) for the experimental and commercial for-
mulations and each dilution (1 : 5, 1 : 10, 1 : 15), obtained 

after 24 h and 7 days, are presented in Tables (2, 3) and 
Figs. (3–6). In the first step of the analysis, a comparison of 
the mean percentage of cytotoxicity in both experimental 
and commercial preparations obtained from the MTT as-
say after 24 h and 7 days was made. The results of the tests 
for 3 means, obtained according to the dilution of prepara-
tions (1 : 5, 1 : 10, 1 : 15 ratios), are shown in Tables 2 and 3 
with indication the level of significance (p) corresponding 
to it. In those cases where the significance of differences 
was demonstrated, the arrow shows p values related to the 
comparison of the mean value pairs.

The next stage was a comparison of mean cytotoxicity 
values obtained for the experimental and commercial for-
mulations in the MTT assay for particular dilution values 
of those preparations. The results of the tests for 2 means 
are presented in Figs.  3–6. P values are shown over the 
columns which reflect the compared means.

In  the case of unpolymerized solutions assessed after 
24  h, higher cytotoxicity values were obtained for the 
commercial preparation (Seal & Protect from Dentsply) 
when compared to the experimental formulation in all 
tested dilution ratios. The compared results showed very 
high statistical significance (p < 0.001) (Fig. 3).

In  the case of unpolymerized solutions assessed after 
7  days, higher cytotoxicity values were obtained for the 
commercial preparation (Seal & Protect from Dentsply) 
when compared to the experimental formulation in all 
tested dilution ratios. The compared results showed very 
high statistical significance (p < 0.001) (Fig. 4).

In the case of polymerized solutions assessed after 24 h, 
higher cytotoxicity values with very high statistical signif-
icance (p < 0.001) were obtained for the commercial prep-
aration (Seal & Protect from Dentsply) after a comparison 
to the experimental formulation when both preparations 
were diluted with a ratio of 1 : 5. When the dilution ratios 
were 1 : 10 and 1 : 15 for both preparations, higher cyto-
toxicity values were obtained for the experimental formu-
lation, in comparison to the commercial preparation (Seal 
& Protect from Dentsply), which featured high statistical 
significance (p < 0.01) (Fig. 5).

Table 2. The results, including the mean value and standard deviation (SD), for the experimental formulations and each dilution (1 : 5, 1 : 10, 1 : 15), obtained 
after 24 h and 7 days

Degree of 
polymerization

Experimental preparation

 test
dilutions

1 : 5 1 : 10 1 : 15

Unpolymerized MTT assay after 24 h
% ± SD

35.7% ± 6.5 23.5% ± 7.3
(p < 0.001)

18.3% ± 5.3
(p < 0.001)

MTT assay after 7 days
% ± SD

23.0% ± 5.1
(p < 0.001)

20.7% ± 3.6

(p < 0.01)

13.8% ± 5.3
(p < 0.001)
(p < 0.01)

Polymerized MTT assay after 24 h
% ± SD

9.3% ± 2.2 7.2% ± 2.3 9.7% ± 4.6

MTT assay after 7 days
% ± SD

17.0% ± 4.8
(p < 0.001)
(p < 0.01)

10.9% ± 3.3

(p < 0.01)

8.7% ± 4.2
(p < 0.001)
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In  the case of polymerized solutions assessed after 
7 days, higher cytotoxicity values with very high statisti-
cal significance (p < 0.001) were obtained for the exper-
imental formulation diluted with a  ratio of 1  :  5. Other 
comparisons did not demonstrate any statistical signifi-
cance (Fig. 6).

A comparison of the results obtained in the MTT assay 
for the commercial preparation Seal & Protect (Dentsply) 
and the experimental formulation indicates that an experi-
mental formulation has considerably lower cytotoxicity 
before polymerization, when compared to the commercial 
formulation, regardless of its dilution. However, after the 
completion of polymerization of the commercial formula-
tion, its parameters improved significantly, especially for 
higher dilution values (1  : 10 and 1  : 15). Results for the 
experimental formulation are higher particularly for the 
dilution value of 1 : 5.

Fig. 4. A paired, dilution-related comparison of mean cytotoxicity values of 
the unpolymerized commercial preparation (Seal & Protect from Dentsply) 
and the experimental formulation, obtained in the MTT assay after 7 days 
of testing. X − mean CT [%], Y –dilution, A − commercial, B − experimental

Fig. 3. A paired, dilution-related comparison of mean cytotoxicity values of 
the unpolymerized commercial preparation (Seal & Protect from Dentsply) 
and the experimental formulation, obtained in the MTT assay after 24 h of 
testing. X − mean CT [%], Y – dilution, A − commercial, B − experimental

Fig. 5. A paired, dilution-related comparison of mean cytotoxicity values 
of the polymerized commercial preparation (Seal & Protect from Dentsply) 
and the experimental formulation, obtained in the MTT assay after 24 h of 
testing. X − mean CT [%], Y – dilution, A − commercial, B − experimental

Table 3. The results, including the mean value and standard deviation (SD), for the commercial preparation Seal & Protect (Dentsply) and each dilution (1 : 5, 
1 : 10, 1 : 15), obtained after 24 h and 7 days

Degree of 
polymerization

Commercial preparation

 test
dilutions

1 : 5 1 : 10 1 : 15

Unpolymerized MTT assay after 24 h
% ± SD

77.6% ± 0.6

(p < 0.001)
(p < 0.001)

71.7% ± 0.9
(p < 0.001)
(p < 0.001)

68.6% ± 0.9
(p < 0.001)

(p < 0.001)

MTT assay after 7 days
% ± SD

74% ± 1.5
(p < 0.001)
(p < 0.01)

68.9% ± 4.2

(p < 0.01)

68.6% ± 3.2
(p < 0.001)

Polymerized MTT assay after 24 h
% ± SD

22.6% ± 8.1
(p < 0.001)
(p < 0.001) 

4.0% ± 2.1

(p < 0.001) 

4.4% ± 1.1
(p < 0.001)

MTT assay after 7 days
% ± SD

8.3% ± 2.3 9.2% ± 3.7 6.1% ± 2.3
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After polymerization, parameters of both commercial 
preparation Seal & Protect (Dent sply) and experimental 
formulation are considerably improved. Mean cytotoxic-
ity values are reduced, which is particularly evident for the 
commercial preparation Seal & Protect (Dentsply), due to 
the fact that the formulation had relatively high average val-
ues of cytotoxicity before the polymerization. Reduction of 
the mean values of cytotoxicity of the experimental formu-
lation is less spectacular due to the low initial value of av-
erage cytotoxicity, which it had before the polymerization.

Overall summary of the results obtained from the MTT 
assay for the commercial preparation Seal & Protect (Dent - 
sply) and the experimental formulation indicates that the 
experimental formulation had a  significantly lower cy-
totoxicity before polymerization in comparison with the 
commercial formulation, regardless of dilution.

The process of polymerization has a positive effect on 
the results of cytotoxicity tests of both formulations tested. 
The mean cytotoxicity values of both formulations achieve 
a satisfactory value of less than 22.6% ± 8.1, depending on 
the degree of dilution and the observation time.

The experimental preparation has greater uniformity of 
results.

The commercial preparation Seal & Protect (Dentsply) 
has a greater variation of results depending on the time of 
observation, dilution and used test. However, cytotoxicity 
values are slightly lower when compared with the experi-
mental formulation, as seen in a test after 24 h at the dilu-
tion of 1 : 10 and 1 : 15.

Discussion
Cellular cytotoxicity assays have been used since the 

1970s of the 20th century to assess the toxicity of bonding 
systems. Immortalized cell lines are used for that purpose, 

with many years of breeding cycles which allowed them 
to acquire traits of homogeneity. On the other hand, het-
erogeneous cells sampled from tissues of the oral cavity 
are tested, which have a short survival time and hetero-
geneity. The situation in vivo is generally better simulated 
by the second cell type. A variety of indicators showing 
potentially toxic components or substances full in their 
composition are analyzed in the assessment of cytotoxic-
ity. These include: changes in enzyme activity, changes in 
cell metabolism and structure of nucleic acids, changes in 
cell morphology examined by light microscopy or electron 
SEM, the level of inhibition of cell growth and prolifera-
tion (ED50- effective dose inducing a 50% decrease in cell 
proliferation).2 Bacteria inhabiting the mouth are used in 
the microbiological assays. They, or their mutated forms, 
often have a cariogenic potential. Some authors use the 
strains of Streptococcus mutans to evaluate the influence 
of composite materials on various microbial metabolic ef-
fects.5 Genotoxicity and carcinogenicity are very impor-
tant parameters to be taken into account when assessing 
the impact of dental materials on living organisms. Geno-
toxicity is assessed based on the activity of nucleic acids 
transformed under the influence of test substances.

During in vitro tests, genotoxicity is assessed separately 
for prokaryotes and eukaryotes. Amesa is an important 
bacterial test, while HPRT and chromosomal aberra-
tion assessment test are recommended eukaryotic tests.6 
In that context, the research of Ratanasathien et al. is of-
ten cited. They independently studied the components 
of bonding systems and their influence on Balb/c 3T3 
cell colonies. They found an increase in the cytotoxic 
activity over time and related to the composition of the 
resin, which allowed them to create a  list in accordance 
with the severity of cytotoxicity: Bis-GMA  >  UDMA  > 
>  TEGDMA  >  HEMA.3 TEGDMA  appeared to be the 
most toxic component, which completely stopped the 
growth of the cell line. Two products containing EGDMA, 
TEGDMA  demonstrated lower cytotoxicity, as well as 
HEMA when tested in lower concentrations. Those au-
thors argue that 2 factors: The time of exposure and the 
interactions between the components of bonding resins: 
synergism, addition and antagonism, determine the cyto-
toxicity of these formulations in vivo.3

Abou Hashieh et al. studied the cytotoxic effect of 4 ad-
hesive systems to dentin cell filbroblasts of line L29. Each 
product was tested using dentin samples with high and 
low flow. Generally, all of the analyzed systems proved 
to be more toxic when used in a  sample of high dentin 
flow. These observations confirm that the dentin barrier 
plays a key role in immune defense against the possible 
toxic effect of the adhesive resin.7 This constant contro-
versy revolves around the discussion that the cell lines are 
best suited to evaluate cytotoxicity. Groble et al.,8 as well 
as Wataha9 and the previously mentioned Ratanasathien 
et al.,3 used murine Balb/c 3T3 fibroblast cells whose sen-
sitivity is similar to fibroblast cells of human dental pulp.

Fig. 6. A paired, dilution-related comparison of mean cytotoxicity values 
of the polymerized commercial preparation (Seal & Protect from Dentsply) 
and the experimental formulation, obtained in the MTT assay after 7 days 
of testing. X − mean CT [%], Y – dilution, A − commercial, B – experimental
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In the available literature there are relatively few reports 
on the cytotoxicity of compounds that reduce hypersensi-
tivity of dentin.10,11 Sengun et al. studied the cytotoxic ef-
fects of those preparations on the fibroblast cells of gums. 
The results demonstrate that cytotoxicity depends on the 
chemical composition and exposure time of tissue to the 
tested materials.11 Camps et al. found that the cytotoxic 
effect depends on the thickness of preserved dentin. Zero 
to 12% reduction of viable fibroblasts was obtained for 
a 0.5 mm thick dentin after application of self- and photo-
polymerizable desensibilizing compounds without their 
polymerization.10

Wiegand et  al. investigated changes in the cytotoxic 
effect due to the varying thickness of dentin and used 
mouse fibroblasts assessed after 120 min from the appli-
cation of materials. The cytotoxicity test was performed 
on the lines of immortalized mouse fibroblasts.12 Those 
authors also noted that the producers of compounds 
which reduce hypersensitivity do not give the full compo-
sition of these preparations, which makes the assessment 
of toxic effects of the individual components difficult to 
interpret.12 Disclosed or undisclosed ingredients may in-
teract synergistically: Additively or antagonistically, and 
the effect on cytotoxicity may be also influenced by ad-
ditional ingredients, such as triclosan, photoinitiators or 
glutaraldehyde.13

In  the present study, a  test based on measuring the 
mitochondrial dehydrogenase activity (MTT assay) was 
used. The obtained test results confirm the advantageous 
characteristics in relation to the relative cytotoxicity of 
the analyzed preparations. The  polymerization process, 
the time of observation and the dilution favorably affect 
the cytotoxicity values of the two tested formulations. 
The experimental formulation achieved a greater stabil-
ity of the results, while the commercial formulation Seal 
& Protect (Dentsply) had greater variation, depending on 
the time of observation, dilution and assay employed, but 
slightly lower results of the cytotoxicity assay when com-
pared with the experimental formulation in tests carried 
out after 24 h, at the dilution of 1 : 10 and 1 : 15, and af-
ter 7 days. Mossman, who developed the MTT assay in 
the 1980s, reports that the level of formazan generated in 
the MTT assay is dependent on the number of homoge-
neous cells that did not undergo necrosis when affected 
by a toxic factor. The activated cells produce more forma-
zan even if there is no process of proliferation.14

The  next step includes a  recording of data with use of 
colorimetric methods. The reduction of MTT to formazan 
occurs in all cells used in the test.14 This means that the ac-
tivity of mitochondrial dehydrogenases determined in the 
MTT assay may be decreased due to increased mortality 
in the cell culture. However, at the same time, it may be in-
creased by the activation of all cells, including non-prolifer-
ating ones.15 Among the colorimetric technique, the MTT 
assay is the most laborious but at the same time the most 
widely used quantitative method to identify the cytotoxicity 

of the tested substance against given cells,14 including tests 
of cytotoxicity made on dental materials.16 In  damaged 
metabolically impaired or dead cells, formazan appears in 
smaller quantities or not at all. Changes in the levels and en-
zymatic activity of succinate dehydrogenase in the MTT as-
say are reflected in the measurement of absorbance. The in-
tensity of the color of the solution is directly proportional to 
the amount of product formed and indirectly to the num-
ber of viable cells. While using the MTT assay, achievement 
of reliable and reproducible results requires precision at all 
stages of laboratory testing, with particular emphasis on 
the final step involving the dissolution of formazan crys-
tals.9 Therefore, it can be assumed that the MTT assay re-
sults may be subject to errors resulting from the need to 
perform the experiment during the stage when the nutri-
ent medium is exchanged with the substrate containing 
the analyzed compounds or when the substrate with the 
tested formulations are replaced by the MTT reagent. Since 
the cells are impaired as affected by a cytotoxic substance  
(in the case of those preparations used to decrease hyper-
sensitivity of dentin), they easily detach from the substrate 
base. The smaller the cell adherence, the easier it is for it to 
be affected by an experimental error.15

Extraction of polymerized substances was tested in 
a  number of experiments.17−19 The  question if cell lines 
are the most suitable material for researching cytotoxic-
ity in dental polymer materials raises continuous contro-
versy. Some researchers prefer 3T3 mouse cells, as their 
cytotoxic effect has similar increase patterns as human 
fibroblast cell lines. The following compounds and mate-
rials have been tested: Scotchbond and SingleBond (3M 
ESPE), Prime & Bond NT (Dent sply De Trey), Xeno III  
(Dentsply De Trey), Clearfil Protect Bond (Kuraray). 
Those materials contain potentially toxic ingredients in 
various combinations. HEMA  is considered to be cyto-
toxic even at low concentrations (0.5 mmoL/L).20 Huang 
and Chang, as well as Huang et al. obtained similar effects 
using extracts from bonding systems just after photopo-
lymerization and after 16 weeks since their polymeriza-
tion.18,19 A number of studies also analyzed binding sys-
tems and their effect on the bacterial culture in relation 
to: the light-curing conditions and their potentially influ-
ence on the conversion rate21 or the level of dilution.22 
Non-diluted extracts had a  greater lethal effect on cells 
than diluted extracts.21 Materials which did not undergo 
polymerization have a stronger cytotoxic effect than po-
lymerized ones.23

Estimation of biocompatibility of a  given material is 
not simple, and measurement methods are rapidly evolv-
ing, as more and more is known about the interaction 
between dental materials and oral tissues, and as a result 
of improvements in testing techniques. It  is extremely 
important to be aware that the most accurate and effec-
tive way to evaluate biocompatibility of a new material by 
means of a  combination of various in vitro techniques, 
tests on animals and clinical application tests. That con-



M. Tanasiewicz, et al. Problem of dentin hypersensitivity reduction22

cept assumes that no single test is adequate for a complete 
evaluation of the biocompatibility of a given material and 
the evaluation of biocompatibility of a  new formulation 
is a complex, multi-stage and multi-directional process.
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Abstract
Background. Although Alzheimer’s disease (AD) is the most common age-related neurodegenerative 
disease and characterized by memory impairment, only symptomatic treatments are available.

Objectives. Because recombinant human erythropoietin (rhEPO) has various neuroprotective effects and 
improves cognitive function in animal models of neurodegenerative disorders, we investigated the thera-
peutic effects of rhEPO in an intracerebroventricular (ICV)-streptozotocin (STZ) animal model of sporadic-AD.

Material and methods. A total of 24 Sprague-Dawley adult rats were divided into 4 groups of naive con-
trol (n = 6), sham-operated (n = 6), ICV-STZ + saline (n = 6) and ICV-STZ + rhEPO (n = 6). Twelve rats 
with Alzheimer’s disease, induced by STZ injection (3 mg/kg) into both lateral ventricles using a stereotaxic 
frame (bilaterally ICV-STZ), were divided into 2 groups 5 days after the STZ injection: one treated with rhEPO 
5000 (IU/kg/day, i.p.) and the other with 0.9% NaCl (1 mL/kg/day, i.p.) for 2 weeks. The sham-operated 
rats received bilaterally ICV-0.9% NaCl. No surgical operation or treatment was given to the naive-control 
animals. On day 20, a passive avoidance learning (PAL) test was used followed by sacrification and removal 
of the brain tissue in all animals. Brain TNF-α and ChAT levels were determined, and neurons in the hip-
pocampal CA1 and CA3 regions were counted by Cresyl violet staining.

Results. ICV-STZ was found to significantly shorten the latency time on the PAL, increase brain TNF-α  level, 
and decrease brain ChAT activity and the number of neurons in the hippocampal CA1 and CA3 regions. 
On the other hand, rhEPO significantly attenuated all these detrimental effects induced by STZ.

Conclusions. RhEPO treatment significantly prevented the ICV-STZ-induced memory deficit by attenuat-
ing the hippocampal neuronal loss, neuroinflammation and cholinergic deficit in rats. This result suggests 
that rhEPO may be beneficial for treating AD.

Key words: Alzheimer’s disease, erythropoietin, streptozotocin, neuroprotection, hippocampus
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Alzheimer’s disease (AD) is the most prevalent age-re-
lated neurodegenerative disorder, which leads to progres-
sive development of cognitive deficits with severe learning 
and memory loss, personality and behavioral changes and 
eventually to morbidity and death. A number of different 
familial genetic mutations have been linked to onset, how-
ever, the vast majority of AD is considered sporadic with 
the exact cause(s) unknown.1,2 The neuropathological 
hallmarks of AD include excessive accumulation of extra-
cellular amyloid beta (Aβ) plaques and intraneuronal neu-
rofibrillary tangles, along with dystrophic neurites, loss of 
neurons and synapses, and gliosis in discrete regions of 
the basal forebrain, hippocampus, and association corti-
ces. Insulin resistance, oxidative stress, glutamate excito-
toxicity, mitochondrial dysfunction and neuroinflamma-
tion are also among the major pathophysiological features 
of AD.3,4 Because AD prevalence is increasing all over the 
world, the disease represents a major medicosocial prob-
lem. However, because current treatments are only symp-
tomatic, effective therapies are needed for the prevention 
and treatment of AD.5 

Erythropoietin (EPO) is a growth hormone and cyto-
kine originally described as stimulating erythropoiesis.  
It is produced mainly by the fetal liver and the adult kid-
ney in response to hypoxia. EPO and its receptors (EPOR) 
are also found in the nervous system of mammals, and are 
essential for neurodevelopment, adult neurogenesis and 
neuroprotection.6,7 Recombinant human EPO (rhEPO) 
has been synthetically produced by using recombinant 
DNA technology. Immunologically, rhEPO is similar to 
endogenous EPO and exhibits full biological activity and 
does not show a species boundary.8 It is widely used for 
the treatment of anemic patients due to chronic renal 
failure, chemotherapy and prematurity and found to be 
well-tolerated and safe. Interestingly, in addition to the 
anti-anemic effect, these patients have also showed im-
proved cognitive abilities.9,10 Systemically administered 
high-dose rhEpo (≥ 500 IU/kg body weight) can cross 
both the injured and intact blood–brain barrier (BBB) 
and accumulate in the brain parenchyma in therapeuti-
cally effective concentrations.7–9 It reduces brain damage 
and improves the neurological symptoms and cognition 
in animal models of neurodegenerative diseases, such as 
focal/global cerebral ischemia, traumatic brain injury, au-
toimmune encephalitis, epilepsy, septic encephalopathy 
and even Alzheimer’s disease, by inhibiting apoptosis, 
reducing oxidative stress and inflammation, promoting 
the angiogenesis and neurogenesis, and maintaining BBB 
integrity.7–11 These results suggest that rhEPO may repre-
sent an optimal candidate for use in AD studies. 

Intracerebroventricular (ICV) injection of strepto-
zotocin (STZ) causes inflammation, impairment of brain 
metabolism, cholinergic deficits, neuronal loss and other 
Alzheimer-like alterations resulting in cognitive dysfunc-
tion, as a valid model of sporadic-AD.12,13 In light of the 
results of the above-mentioned previous studies, we in-

vestigated the effects of intraperitoneal (i.p.) administra-
tion of rhEPO on memory deficit, neuroinflammation, 
and biochemical and histological alterations in ICV-STZ 
induced rats.

Material and methods

Animals

In this study, 24 Sprague-Dawley adult male rats weigh-
ing 200–220 g each were used. The animals were fed ad li-
bitum and housed in pairs in temperature controlled steel 
cages (22 ± 2°C) with 12 h light and dark cycles. The study 
was approved by the Committee for Animal Research of 
Cumhuriyet University. The animal study strictly adhered 
to the animal experiment guidelines of the Committee for 
Animal Care. 

Experimental protocol

The animals were randomly divided into 3 groups: 
stereotaxic infusion of STZ (STZ group, n = 12) or 0.9% 
NaCl (sham, n = 6) and a healthy control group. Under 
general anesthesia induced by i.p. injection of a mixture 
of ketamine hydrochloride (80 mg/kg, Alfamine®, Ege 
Vet, Alfasan International B.V., Holland) and xylazine 
hydrochloride (4 mg/kg, Alfazyne®, Ege Vet, Alfasan 
International B.V., Holland), the animals were placed in 
a stereotaxic frame. STZ (3 mg/kg STZ in 0.9% NaCl, 
n = 12) was infused into the left (2.5 µL) and right lateral 
ventricle (2.5 µL) (ICV) (AP = −0.8 mm, L = ± 1.6 mm, 
DV = −4.2 mm) with a 28-gauge Hamilton syringe.14 
The sham-operated rats received the same amount of 
vehicle (0.9% NaCl) into the left and right lateral ventri-
cles. The needle was left in place for an additional 2 min 
for complete diffusion of the drug. After the surgery, the 
rats were monitored daily for behavior and health con-
ditions. The control rats did not undergo any surgical 
operation.

Erythropoietin treatment 

The ICV-STZ rats were randomly divided into 2 groups 
5 days after the STZ injection; Group 1 (n = 6) received 
saline (0.9% NaCl) (1 mL/kg/day, i.p.) and Group 2 (n = 6)  
received rhEPO 5000 IU/kg/day (Eprex®, Santa Farma, Is-
tanbul, Turkey) intraperitoneally (i.p.) for 2 weeks. 

Passive avoidance task

After two weeks of the treatment period, a passive 
avoidance task evaluating the learning and memory were 
performed in the study and control groups. Passive avoid-
ance learning (PAL) is a trial of a fear-motivated avoid-
ance task in which a rat learns to refrain from stepping 
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through a door that would seem apparently safer but 
actually leads to a dark compartment. The PAL box in 
a size of 20 × 20 × 20 cm with dark and light sections was 
used. This PAL box has a grid system that performs elec-
tric shocks within the dark compartment. Normally, rats 
prefer to enter the dark compartment. After 10 s of a ha-
bituation period in the light section area, the guillotine 
door separating the light and dark chambers was opened. 
When the rat passed to the dark compartment, the door 
between the compartments was closed. A 1.5 mA electric 
shock was applied for 3 s, and the rat was removed from 
the dark chamber and returned to its home cage. After 
24 h, the rats were re-evaluated in the same manner. The 
time (latency) to switch from the light compartment to 
the dark compartment of the rats was recorded, but at this 
time a shock was not delivered. The latency time was re-
corded up to a maximum of 300 s. The latency to refrain 
from crossing into the punishing compartment serves as 
an index of the ability to avoid and allows memory to be 
assessed. After testing, the animals were weighed and eu-
thanized. The brains were removed for histopathological 
and biochemical evaluations. 

Determination of choline 
acetyltransferase (ChAT) activity  
in brain tissue

The frozen brain tissue was homogenized and a 10% 
cerebral homogenate (1 : 10, w/v) in cold saline was cen-
trifuged at 3500 × g for 10 min at 4°C. The supernatant 
was used to measure the activity of ChAT by measuring 
the optical density (OD) at a wavelength of 324 nm. The 
ChAT activity was expressed as U/g protein. 

Detection of tumor necrosis factor-alpha 
(TNF-α) levels in brain tissue 

The frozen brain tissue was homogenized in 1 mL of 
buffer containing 1 mmol/L of PMSF, 1 mg/L of pep-
statin A, 1 mg/L of aprotinin, and 1 mg/L of leupeptin in 
a PBS solution (pH 7.2). The mixture was centrifuged at 
12,000 rpm for 20 min at 4°C. The supernatant was col-
lected and the total protein was determined using the 
Bradford method.15 The tissue levels of TNF-α were mea-
sured by a commercially available rat ELISA kit (eBiosci-
ence, Inc., San Diego, USA), according to the instructions 
of the manufacturer and expressed as ng/g protein. 

Measurement of the tissue protein levels

The total protein concentration in the tissue samples 
was determined according to Bradford’s method using 
bovine serum albumin as a standard.15 

 Histopathological evaluation

Formalin-fixed hippocampus sections (5 μm) were 
stained with Cresyl violet stain. All sections were exam-
ined with an Olympus C-5050 digital camera at an Olym-
pus BX51 microscope. Cresyl violet staining to quantify 
the  number  of surviving  neurons in the CA1 and CA3 
regions of the hippocampus were performed in 6 sections 
per studied group using an image analysis system (Image-
Pro Express 1.4.5, Media Cybernetics, Inc., Rockville, 
USA).

Statistical analysis
Statistical evaluation was performed using SPSS v. 

15.0 for Windows. The groups of parametric variables 
were compared using the Student’s t test and analysis of 
variance. The groups of nonparametric variables were 
compared using the Mann-Whitney U test. In addition, 
the Shapiro-Wilk test was used for parametric and non-
parametric differentiation. The results are presented as 
mean ± SEM. A p value of < 0.05 was accepted as statisti-
cally significant.

Results
The latency time, brain TNF-α level and ChAT activ-

ity, and the number of neurons in the CA1 and CA3 hip-
pocampal regions in the animals are shown in Table 1. 
Analysis of the data showed a significantly shorter latency 
time, higher brain TNF-α level, and lower ChAT activity 
and number of neurons in the CA1 and CA3 hippocam-
pal regions in the ICV-STZ and saline group compared 
to the sham group and control group. On the other hand, 
latency time was longer, brain TNF-α level was lower, and 
brain ChAT activity and the number of neurons in the 
CA1 and CA3 hippocampal regions were higher in the 
ICV-STZ and rhEPO group compared to the ICV-STZ 
and saline group. 

The Cresyl violet-stained histological preparations are 
shown in Fig. 1. The cell layer was thinner and the num-
ber of neurons was lower in CA1 and CA3 hippocampal 
regions in the ICV-STZ and saline group compared to the 
ICV-STZ and rhEPO group. The histopathological find-
ings in the ICV-STZ and EPO-treated animals were simi-
lar to that of the sham and control rats. 

Discussion 
ICV-STZ injection is an experimental sporadic-AD ani-

mal model that has been frequently used recently. STZ is 
a diabetogenic substance that is particularly toxic to the 
pancreatic B-cells and insulin receptors in the brain of 
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Table 1. Latency time, brain TNF-α level and ChAT activity, and the number of neurons in hippocampal CA1 and CA3 regions of groups

Control group Sham group ICV-STZ and saline group ICV-STZ and EPO group

Latency time (s) 214.66 ± 46.5 249.1 ± 24.9     49.5 ± 15.05**   195.83 ± 43.15#

ChAT (U/g protein) 142.76 ± 8.91 157.8 ± 10.6  93.15 ± 14.6** 124.7 ± 8.9*

Brain TNF-α level (ng/g protein)   0.31 ± 0.04   0.40 ± 0.06    2.52 ± 0.44**    1.58 ± 0.20*

Number of CA1 neurons  66.25 ± 3.22  62.36 ± 3.56  42.38 ± 3.07**   55.06 ± 3.35#

Number of CA3 neurons  61.63 ± 3.89  59.26 ± 3.32  39.98 ± 1.65**   55.21 ± 2.69#

Data expressed as mean ± SEM. ChAT: choline acetyltransferase, EPO: erythropoietin, TNF-α: tumor necrosis factor-alpha; ** p < 0.01, ICV-STZ and Saline 
Group vs Sham Group or Control Group; * p < 0.05, ICV-STZ and Saline Group vs ICV-STZ and rhEPO Group; # p < 0.01, ICV-STZ and Saline Group vs ICV-STZ 
and rhEPO Group.

mammals.16 ICV administration of STZ desensitizes neu-
ronal insulin receptors, reduces the activity of glycolytic 
enzymes and causes severe abnormalities in metabolic 
pathways, which are under the control of the insulin sig-
naling cascade in the rat brain.17 Accordingly, ICV-STZ 
probably induces cognitive impairments via disturbances 
in glucose/energy metabolism by inhibiting the insulin 
receptor system and induction of oxidative stress by in-
hibiting ATP synthesis and acetyl-coenzyme A and thus 
acetylcholine (ACh) synthesis. On the other hand, ICV-
STZ-induced oxidative damage increases the inflamma-
tory cytokines which leads to mitochondrial dysfunction 
and increases the risk of cell apoptosis in the brain, par-
ticularly in the hippocampus and cortex. Otherwise, dis-
turbances in insulin signaling may also augment tau phos-
phorylation and potentiates Aβ toxicity, which would lead 
to the neuronal degeneration and cognitive dysfunction 
that occurs with AD.8,13,18 

Learning and memory impairment is the first and the 
most characteristic symptom in AD.1 STZ-ICV-treated 
rats consistently demonstrate deficits in learning and 
memory, regardless of age. Long-term cognitive deficits 
have been observed as early as 2 weeks after single or dou-
ble ICV-STZ (3 mg/kg) injections and were maintained at 
least 12–14 weeks.12,13 Accordingly, we found significant 
memory deficits on the PAL test in the ICV-STZ (single, 
3 mg/kg) group 2 weeks after STZ administration. RhE-
PO treatment significantly prevented memory impair-
ment as indicated by an improvement in performance on 
the PAL. This result is in accordance with previous stud-
ies that have demonstrated that rhEPO improves memory 
function and cognitive functioning in animal models of 
acute and chronic neurodegenerative disorders and neu-
ropsychiatric illness, and in patients with cognitive de-
cline and even in healthy volunteers.7,9 Repeated rhEPO 
treatment also increased hippocampal memory in healthy 
mice.19 Indeed, in clinical studies, chronic treatment with 
rhEPO improved neurocognitive dysfunction in patients 
with schizophrenia20 and multiple sclerosis21 as well as 
with prematurity22 and coronary artery surgery.23

 The degeneration of basal forebrain cholinergic neu-
rons and the associated defects of central cholinergic 

neurotransmission into the cerebral cortex and other 
areas have been suggested as the principal cause of cog-
nitive dysfunction in AD.24 ChAT is one of the specific 
cholinergic marker proteins for the function of cholin-
ergic neurons, which are responsible for ACh synthesis 
in these neurons. Their levels dramatically decrease in 
the hippocampus and frontal cortex of brain slices from 
AD patients. Cholinergic deficits have been also found 
in ICV-STZ-induced animals as a decrease in ChAT ac-
tivity and an increase in acetylcholinesterase activity in 
the brain, particularly the hippocampus.13 In this study, 
ChAT activity was significantly lower in the brain tissue of 
ICV-STZ + saline treated rats, and treatment with rhEPO 
maintained ChAT expression. This finding is in accor-
dance with previous studies reporting increased ChAT 
activity induced by rhEPO in STZ- and lipopolysaccha-
ride-induced sporadic-AD animal models.25,26 

Neuroinflammation is also an important component 
in the pathogenesis and progression of AD. TNF-α is 
the major cytokine synthesized by activated microglia 
and neurons and initiating the inflammatory cascade. 
It is expressed at very low levels in healthy adult brains, 
but examinations of postmortem AD brains has revealed 
that increased TNF-α co-localizes with Aβ plaques, and 
TNF-α is up-regulated in both CSF and serum, and corre-
lates with the disease severity.2 In AD brains, TNF-α can 
exacerbate phospho-tau pathologies and contribute to 
amyloidogenesis via beta-secretase regulation; cause in-
sulin resistance and BBB deterioration; induce chronic 
inflammation, glutamate excitotoxicity, oxidative stress 
and mitochondrial dysfunction; impair neurogenesis, 
synaptic transmission and plasticity that may promote 
synaptic loss and cognitive dysfunction and, eventually, 
neuronal death.2,16 Because of all these detrimental effects 
of TNF-α as well as the beneficial effects of anti-TNF 
medications in AD, the TNF signal has been suggested as 
a novel therapeutic target for AD. Therefore, in a valid rat 
model of AD induced by ICV-STZ, which has been shown 
to be characterized by increased proinflammatory cyto-
kines including TNF-α and IL-1β2,13, we have evaluated 
the possible effects of rhEPO on TNF-α levels. We found 
increased an TNF-α level in ICV-STZ-infused rats with 
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Fig. 1. CA1 and CA3 hippocampal regions were stained with Cresyl violet stain (x 40 and x 100 magnification). a1 and a2 : Control Group CA1, b1 and b2: 
Control Group CA3, c1 and c2: Sham Group CA1, d1 and d2: Sham Group CA3, e1 and e2: ICV-STZ and Saline Group CA1, f1 and f2: ICV-STZ and Saline Group 
CA3, g1 anf g2: ICV-STZ and EPO Group CA1, h1 and h2: ICV-STZ and EPO Group CA3
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saline treatment vs a significantly decreased TNF-α level 
in the rhEPO-treated group. The results of the present 
study is in accordance with previous in vivo experimental 
studies, reporting that rhEPO decreases the expression of 
proinflammatory cytokines including TNF-α, IL-6 and 
monocyte chemoattractant-1, the expression of chemo-
kines, microglial activation, and cerebral leukocyte influx 
in the central nervous system.27–29 

The hippocampus has a key role in learning and memo-
ry formation and is one of the first structures of the brain to 
undergo damage in AD.8 In the present study, we showed 
marked neuronal loss in the C1 and C3 regions of the hip-
pocampus in ICV-STZ-induced rats. However, rhEPO 
significantly prevented neuronal loss in these regions. 
These results are in accordance with previous in vitro  
studies that showed rhEPO protects cultured hippo-
campal neurons from the Aβ, hypoxia, glucose/serum 
deprivation, TNF-α, trauma, nitric oxide, and glutamate 
induced apopitosis that are involved in the pathogenesis 
of AD.11 Also, in vivo studies have showed that a learning 
disability induced by ischemia, trauma or hippocampal le-
sions can be attenuated by local/systemic administration 
of rhEPO or its variants.9 There are a limited number of 
studies about the effects of EPO on AD. RhEPO has been 
tested in the ICV-STZ and i.p.-scopolamine models with 
doses of 500 and 1,000 IU/kg i.p., and significantly re-
versed hippocampal memory deficits along with attenua-
tion of oxidative stress and restoration of AChE activity in 
mouse brains.26  In aged (Tg2576) mice, rhEPO (5000 IU/
kg/day, i.p. for 5 days) improved the contextual memory 
with reducing Aβ-induced endothelial dysfunction and 
the amount of amyloid plaque in the brain.5 Furthermore, 
in ICV-STZ-induced rats, rhEPO treatment (5000 IU/kg/
day, i.p. for 2 weeks) not only reversed the spatial learning 
and memory deficits8, but also improved neuronal pro-
liferation in the dentate gyrus.19 In a ICV-Aβ25–35 mouse 
model, rhEPO prevented memory impairment, neuronal 
loss of the hippocampal CA1 region, induction of lipid 
peroxidation and TNF-α and IL-1β production.27 Inter-
estingly, EPO promotes mesenchymal stem cells to dif-
ferentiate into cholinergic neurons, resulting in increased 
ChAT activity and ACh level in lipopolysaccharide-treat-
ed mice.25 

Both EPO and its receptor (EPOR) are expressed by 
glial cells, neuronal pregenitor cells, neurons and cere-
brovascular endothelium in rodent and human brains, 
and show high immunopositivity in the frontal cortex 
and hippocampus.30 EPOR is upregulated in the brain 
upon injury or neurodegenerative conditions, such as in 
the temporal cortex and hippocampus of patients with 
mild cognitive impairment or AD, which may be because 
of the increased cell requirements for this hormone. 
This data suggests that EPO signaling plays an impor-
tant role in hippocampal functioning and neuroprotec-
tion.3  Although the exact neuroprotective and neurore-
generative mechanisms of erythropoietin are not clear, 

possible mechanisms are antiapoptotic, antioxidative, 
antiexcitotoxic, antiinflammatory and neurotrophic ac-
tivity; stimulation of angiogenesis, oligodendrogenesis 
and axonal remodeling; protection of BBB integrity and 
cerebral blood flow; and modulation of intracellular cal-
cium and nitric oxide by binding with EPOR within the 
brain.6–10 EPO can induce neurogenesis in the hippocam-
pus and therefore improves hippocampus-dependent 
memory. EPO enhances glucose transporters, glycolytic 
enzyme activities and growth factor production. It also 
increases gene expression of neurotrophic factors such 
as the brain-derived neurotrophic factor, insulin growth 
factor 1 and certain associated proteins in the hippocam-
pus.8 In addition, EPO-enhanced long-term potentiation 
and altered short-term synaptic plasticity and synaptic 
transmission, shifting the balance of excitatory and in-
hibitory activity.19 

This study only evaluates the acute effects of rhEPO for 
20 days after ICV-STZ injection. However, this period of 
time is shorter than the previously-reported time (almost 
6–9 months) to develop almost complete AD pathology 
like Aβ plaques and neurofibrillary tangles.13 Thus, both 
the long term effect of ICV-STZ on rat brains and the 
effects of rhEPO on ICV-STZ-induced alterations in rat 
brains is lacking. 

In this study, we observed that rhEPO treatment signif-
icantly prevented the ICV-STZ-induced memory deficit 
via attenuating hippocampal neuronal loss, neuroinflam-
mation and cholinergic deficit in rats. This result suggests 
that rhEPO may be beneficial for treating AD.
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Abstract
Background. The great anterior radiculomedullary artery, also known as the artery of Adamkiewicz (AKA), 
is a small-caliber vessel which arises from the intercostal or lumbar arteries branching out from the aorta.

Objectives. The aim of this study was to evaluate detection of the AKA, as well as its level and side of 
origin, with multi-slice contrast enhanced computed tomography (MSCT) of the abdomen and thorax per-
formed during everyday clinical practice, and to compare the results with the literature.

Material and methods. The study retrospectively evaluated 200 consecutive MSCT images of the tho-
racic and thoracoabdominal aorta performed at Wroclaw Medical University’s Department of General and 
Interventional Radiology and Neuroradiology as part of normal clinical work-ups. The CT examinations were 
performed with a 64-slice CT scanner. Arterial-phase images were analyzed for detection of the AKA and for 
anatomical variants of the AKA.

Results. Recognition of the AKA was achieved in 43 of 200 patients (21.5%). Out of these 43 cases, the 
AKA originated on the left side in 36 instances (83.7%) – a significantly higher number than on the right 
side (only in 6 cases, 14%); in one case (2.3%) it arose from both sides (p < 0.05, T-test). Most of the AKAs 
(24 cases, 55.8%) originated on the left side at level T11 or T12. In 13 patients (30.2%) the AKA arose from 
T11 or from T12 intercostal arteries. The origin of the AKA varied greatly and ranged from T5 (2.3%) to L2 
(2.3%).

Conclusions. The AKA is characterized by left-side lateralization and is associated with a wide range of 
origin, from T5 to L2. Detection of the AKA is, relatively speaking, rarely possible in routine clinical CT in the 
arterial phase – only in 1/5 of the patients. Therefore it is necessary to perform dedicated, individual arterial 
phase bolus tracking enhancement CT scans from the T5 to L3 level.

Key words: Adamkiewicz artery (AKA), computed tomograpy (CT), great anterior radiculomedullary artery
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The  great anterior radiculomedullary artery was first 
described in 1892 by Albert Adamkiewicz. The most im-
portant of Adamkiewicz’s discoveries included the his-
tology of neuronal tissue and the vasculature of the spi-
nal cord. The  description of the spinal arterial network 
known as the vascular crown (or “vasocorona”) is also 
a result of his research on bidirectional blood flow along 
the arterial system of the spinal cord.1 The zone that cov-
ers the anterior 2/3 of the spinal cord in the thoracolum-
bar segment is supplied with blood through the artery 
of Adamkiewicz (AKA). The AKA is a small vessel with 
a diameter of 0.6–1.2 mm starting from the posterior part 
of the segmental arteries (intercostal or lumbar arteries), 
which are subdivided into the radiculomedullary artery, 
the muscular branch and the dorsal branch. The radicu-
lomedullary artery divides into the main anterior branch 
(the AKA) and the small posterior branch. The length of 
this artery is estimated to be about 2.5 cm measured from 
the dura mater to the spinal cord, and about 15 cm in its 
downward course.2 The AKA courses through the rostral 
or midportion of the intervertebral foramen and is typi-
cally situated ventrally to the dorsal root ganglion (ventral 
ramus). Then it travels with the ventral root to the ventral 
surface of the spinal cord. Within the foramen and in the 
perispinal region the artery divides into from one to five 
small branches. When the AKA meets the anteriorspinal 
artery (ASA), it takes an acute turn caudally and directs 
most of its blood flow downwards (Fig. 1, 2).3–5

Preoperative anatomical evaluation of the AKA  is es-
sential in many clinical disciplines: vascular surgery (aor-
tic aneurysms), neurosurgery (intramedullary tumors), 
as well as urology and pediatric surgery (retroperitoneal 

dissections), because it helps avoid serious neurological 
complications such as paraplegia or paraparesis.1,2

The aim of this study was to evaluate the detection of 
the AKA, as well as its level and the side of origin, with 
multi-detector contrast enhanced computed tomography 
(MDCT) of the abdomen and thorax performed during 
everyday clinical practice, and to compare the results with 
the literature.

Material and methods
The study reviewed 217 consecutive CT images of the 

thorax and abdomen performed at Wroclaw Medical 
University’s Department of General and Interventional 
Radiology and Neuroradiology as part of everyday clini-
cal work-ups in 2011–2013. The  patients (119  women, 
98 men) aged 8–86 years (mean age 62 years) underwent 
helical CTs of the thorax and abdomen due to various 
medical indications (128 oncological patients, 46 trauma 
patients and 26  inflammatory processes). Fourteen pa-
tients with symptoms of spinal claudication and suspected 
spinal infarction were excluded, as well as three with para-
vertebral masses. The examinations were performed with 
a 64-detector CT scanner LightSpeed VCT (GE Health-
care, Milwaukee, USA). The  scanning covered an area 
from the top of the thorax to the pubic symphysis. The de-
tector thickness was 0.625 mm, the pitch was 1.3 and the 
average gantry rotation time was 0.6 s. The tube voltage 
was 120 kV and all the scans were obtained using fully au-
tomated anatomy-based dose regulation modulating the 
effective tube current from 100 to 650 mA. The signal-to-
noise ratio (SNR) ranged from 14 to 21. The contrast bolus 

Fig. 1. Contrast-enhanced CT, oblique MIP reconstruction. AKA left-side 
origin T9. Characteristic “hairpin turn” connection between the AKA (black 
arrow) and ASA (white arrow) in a 61-year-old male patient

Fig. 2. Contrast-enhanced CT, oblique MIP reconstruction. AKA originating 
from the left L2 lumbar artery (white arrow) in a 56-year-old male patient. 
Both the ascending and major descending branches of the ASA are seen 
(small arrows)
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was administered with an automatic syringe. Vascular ac-
cess was achieved by inserting an 18G or 20G plastic in-
travenous catheter into the cubital basilic or cephalic veins 
at forearm or wrist level. The volume of highly-iodinated 
contrast medium (350–370  mg  iodine/mL) ranged from 
80 to 140  mL, depending on the patient’s body weight. 
The contrast was administered at a flow rate of 3.5 mL/s, 
followed by 40 mL of saline as a wash-out bolus. Scanning 
always began 30 s after the start of contrast administra-
tion to match the arterial phase. The overall scanning time 
was 5–8  s, depending on the area covered by the scan. 
The  obtained images were analyzed using a  dedicated 
workstation ( Advantage Windows Workstation 4.4, GE 
Healthcare, Milwaukee, USA). Multiplanar reconstruc-
tions (MPR) and maximum intensity projection (MIP) im-
ages were used, including axial, oblique and coronal planes 
(Figs.  1–6). Window and level settings were selected to 
maximize arterial-to-background discrimination. Aortic 
enhancement at the T12  level was from 128 to 357  HU 
(mean 223 HU). The iodine dose was 530 mg I/kg.

The  criteria for detection of the AKA  are presented in 
Table 1. The detection and origin of the AKA were evalu-
ated according to the criteria listed in this table by two in-
dependent radiologists (MG and MB) with 10 and 4 years’ 
experience in CT, respectively. The anatomical origin of the 
AKA was defined as the level of the vertebral body with the 
intervertebral foramen underneath, through which the seg-
mental artery (SA) of the aorta entered the spinal canal and 
continued as the Adamkiewicz artery.

Results
In  evaluations of 200  routine MDCT examinations of 

the abdomen and thorax, recognition of the AKA  was 
achieved in 43  patients (21.5%, 13  women and 30  men, 
aged 26–90  years, mean age 62  years). The  AKA  origi-
nated from the left side in 36  cases (83.7%), in 6 (14%) 
from the right side and in 1 case (2.3%) from both sides. 
In general, the AKA was visualized in 84.1% of cases on 
the left side and in 15.9% on the right side.

Table 1. The criteria for identification of the Adamkiewicz artery in MDCT: 
at least 3 major criteria and 2 minor criteria for each observer

Major criteria

the presence of a characteristic “hairpin turn” connection between the 
AKA and ASA (Fig. 1)

arterial continuity between the aorta and the ASA 

reduced enhancement of the vessel in the second phase of contrast-
enhanced CT

origin between T7-L2

Minor criteria

diameter 0.6–1.2 mm

origin between T9-12

straight intradural trajectory

AKA – Adamkiewicz artery; ASA – anterior spinal artery.

Fig. 3. Contrast-enhanced CT, oblique MIP reconstruction. AKA originating 
from the right T9 lumbar artery (white arrow) in a 76-year-old female 
patient. The foramen section of the AKA is not clearly visible because of 
bone-related artifacts

Fig. 4. AKA origin and level in 
relation to the posterior intercostal 
or lumbar artery. Note the high left 
T9-12 prevalence

right

number of casesnumber of cases

left
level
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Most AKAs (24 cases, 55.8%) began on the left side at 
the level of either T11 or T12. In 13 patients (30.2%) the 
AKA originated from the T11 posterior intercostal artery. 
In another 13 patients the AKA originated from the T12 
posterior intercostal artery. The origin of the AKA varied 
greatly and ranged from T5 in one patient (2.3%) to L2, like-
wise in 1 patient (2.3%) (Fig. 2). The remaining levels were 
T9 in 6 patients (14.0%) (Fig. 1); T10 in 5 cases (11.6%); L1 
in 3 patients (7.0%); and T8 in 2 patients (4.7%). The ex-
treme upper and lower points and T8 level showed only 
left-sided AKAs, whereas at the rest of the levels there were 
also right-sided AKAs (Fig. 3). The results are summarized 
in Fig. 4. In all cases the AKA was located in the superior 
aspect of the intervertebral foramen (Fig. 5).

Discussion
To the best of the authors’ knowledge, AKA identifica-

tion and assessment during routine CT examinations has 
never been evaluated. The Adamkiewicz artery serves as 
a surgical landmark, but it is also a very important ves-
sel, supplying a  large portion of the spinal cord. Precise 
localization of the AKA  is important in the planning of 
surgical or endovascular treatment. It  is necessary to 
understand the anatomy, physiology and clinical impor-
tance of the Adamkiewicz artery, because anatomic iden-

tification alone may not always suffice (e.g. in the case of 
a  pathological vessel on the anterior surface of the spi-
nal cord). Firstly, there can be more than one AKA. Ko-
shino et al. found single AKAs in 74% of their patients, 
while in 26% they saw two or more AKAs; in the patients 
with two or more AKAs, their origin was unilateral in 
57% and bilateral in 43% (Fig.  6).6 Secondly, the Adam-
kiewicz artery may be anatomically absent, in which case 
the thoracolumbar spinal cord is supplied with blood by 
intersegmental collateral arteries. A similar situation can 
occur when the AKA  is functionally absent (e.g. due to 
atherosclerosis). Thirdly, the great anterior radiculomed-
ullary vein (GARV) is also visible in images; apart from 
a few details, the GARV is very similar to the AKA. Hy-
odoh et al. reported that when using MR angiography, the 
AKA and GARV can appear in the same phase in 46% of 
cases.9 Reduced signal intensity in the second phase is 
characteristic of the AKA, while reduced signal intensity 
over the 2 dynamic phases is characteristic of the GARV. 
The GARV has a longer, serpentine intradural trajectory 
than the AKA; it is located more caudally and has a larger 
caliber than the AKA. Moreover, the angle between the 
GARV and the anterior spinal vein (ASV), called a “coat 
hook” shape, is wider than between the AKA and ASA, 
which is called a “hairpin turn” connection.2,6

As has also been described in a specimen study, there 
may be approximately 6–14  anterior medullary arteries 
that contribute to the anterior spinal artery. In the thora-
columbar region, there is always a dominant great anterior 
medullary artery called the artery of Adamkiewicz. Thus, 
in the arterial phase in CT or MR angiography, if there 
are more enhancing vessels observed originating from an 
intervertebral foramen between T5 and L2 and continu-
ing toward the ASA, the largest one should be identified 
as the AKA, and arteries of a smaller diameter should be 
considered other anterior radiculomedullary arteries.7 

Fig. 5. Contrast-enhanced CT, oblique MIP reconstruction. The artery of 
Adamkiewicz is typically located in the upper half of the foramen (white 
arrow)

Fig. 6. Contrast-enhanced CT, oblique MIP reconstruction. A rare variant: 
a bilateral artery of Adamkiewicz at the T9 level in a 46-year-old male 
patient (white arrows). The ASA is below the white star
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The ASA varies in size from approximately 0.5 to 0.8 mm 
in the thoracolumbar region.4 Its greatest diameter is at 
the level of its conjunction with AKA, and usually mea-
sures 0.5–0.8 mm, but may be as large as 1.0 mm.4 In the 
thoracolumbar region, the course of the ASA varies from 
straight (Fig. 5) to somewhat convoluted (Fig. 2).5

The  imaging method used to detect the AKA  should 
ideally have a high detection rate; be safe to perform and 
noninvasive; be free of complications during or after the 
examination; be patient friendly, cheap and widely avail-
able; and should allow easy differentiation between the 
AKA  and GARV, providing high spatial and temporal 
resolution simultaneously.

Computed tomographic angiography (CTA) is the clos-
est to the ideal imaging method, especially nowadays, 
when multi-detector CT scanners with submillimeter 
resolution and very high vascular contrast are commonly 
available. CTA is characterized by high spatial resolution 
(required for imaging vessels of submillimeter caliber) 
and high temporal resolution (required for spinal cord 
vessels with a short transit time from arteries to veins).8 
CTA is a very fast, minimally invasive and patient friendly 
examination. The  timing of the contrast administration 
is essential, since the examination may be diagnostically 
useless if the contrast is distributed too early or too late 
in the scanning time. There are many factors which can 
improve the sensitivity and specificity of CTA in detect-
ing the AKA  (e.g. tube voltage, scanning time, contrast 
dose and flow rate, SNR etc.). According to Takase et al.  
“To obtain sufficient arterial opacification, rapid injection  
(4–4.5 mL/s) and a relatively high dose of contrast mate-
rial (130–150 mL) are necessary to visualize the AKA us-
ing CTA”9; in the present study the injection rate was 
3.5 mL/s. However, during the examination the patient is 
exposed to ionizing radiation (although the dose is lower 
than in digital subtraction angiography), and there is a risk 
of iodine contrast allergy, contrast-induced nephropa-
thy or other side effects. Thoracoabdominal CTA  is as-
sociated with a relatively high effective radiation dose of 
approximately 10  mSv (compared to 14–20  mSv in the 
present study).2 Boll et al. reported that using a brain re-
construction system can minimize beam hardening arte-
facts from high-density osseous structures and obscura-
tion of sharp delineation of vasculature.10 In contrast, in 
the present study a  standard examination protocol was 
used without using any additional software.10 Yoshioka 
et  al. used their CTA  automatic triggering system for 
a delayed scan of a 10 mm region of interest (ROI) located 
in the descending aorta at the level of T7. In their study, 
aortic density was measured 3 times per s, and when the 
value reached a point of 130 HU, a helical CT began au-
tomatic scanning.11 Boll et al. used a similar system called 
automatic bolus tracking, with the peak of enhancement 
at 150  HU, after which scanning was automatically ini-
tiated.10 When performing an examination that aims to 
detect the AKA – a vessel characterized by a variable and 

wide range of origin – it is very important to set a wide 
range for the scanned area. Enlargement of the cranio-
caudal scanning direction takes a  few s in CTA, which 
is superior to magnetic resonance angiography (MRA), 
in which it takes a  few min or longer.8 An advantage of 
both CTA  and MRA  is that they can be performed by 
technicians, while digital subtraction angiography (DSA) 
requires an experienced specialist and is much more dif-
ficult and expensive.

Gadolinium-enhanced MRA is characterized by a high 
AKA detection rate (higher than CTA), though it is more 
difficult to clearly define the level of the AKA because of 
low temporal resolution in the sagittal plane, especially 
in patients with bone pathologies (e.g. scoliosis, osteo-
phytes, narrowing of the intervertebral foramen due to 
spondylosis). In  MRA  it is impossible to confirm the 
continuity of the AKA  by generating curved planar re-
construction (CPR) images, due to poor spatial resolu-
tion. Moreover, because of a  more limited field of view 
(FOV), segmental collaterals cannot be imaged.6 Hyodoh 
et  al. reported an 84% detection rate of the AKA  with 
multi-phase dynamic MRA, but only 48% in single-phase 
MR angiography, despite the use of a double dose of con-
trast material to obtain sufficient arterial opacification.12  
Nijenhuis et al. also reported a very high AKA detection 
rate using two-phase dynamic MRA.13,14 To improve con-
trast material distribution, Bley et al. used nitroglycerine 
for vasospasm prophylaxis in patients undergoing MRA.15

Selective spinal digital subtraction angiography 
(SS-DSA) is not a recommended method for detecting the 
AKA in thoracoabdominal aortic aneurysm (TAAA) pa-
tients, because it may cause severe complications, includ-
ing paraplegia or paraparesis. Maneuvering the catheter 
through the atherosclerotic aorta and hooking the tip of 
the catheter into the segmental arteries may induce embo-
li and subsequent occlusion by disrupting atherosclerotic 
plaques. Furthermore, injection of a  contrast agent into 
the segmental artery and maneuvering the catheter in this 
artery can lead to vasospasm and temporary occlusion 
of the segmental arteries.2 Kieffer et al. reported an 86% 
AKA detection rate in a study involving 487 SS-DSA pro-
cedures, but critical complications occurred in 6 patients 
(1.2%), including paraplegia, renal failure and stroke; 
while 2 patients (0.4%) died as a direct result of SS-DSA.16 
The  advantage of this method is the possibility to plan 
endovascular treatment precisely. However, the patient 
is exposed to high levels of ionizing radiation compared 
to CTA; furthermore, the examination is time-consuming 
and requires an experienced specialist. Besides, the con-
trast material can induce renal failure in patients with 
a low glomular filtration rate (GFR) more frequently than 
in a standard CT examination.14

The newest imaging application for detecting the AKA is 
intra-arterial CTA  (IACTA), developed by Uotani et  al. 
and Furukawa et  al. Its advantages are a  high detection 
rate and no complications during or after the examina-
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tion. As Uotani et al. noted, IACTA is undoubtedly more 
invasive than classic intravenous CTA (IVCTA), “but it is 
nevertheless safer and less time-consuming than selective 
spinal angiography”.14 The  disadvantage of this method 
is that it requires DSA  for catheter placement (at the  
proximal portion of the descending aorta) before the ex-
amination, which is associated with the same risk as dur-
ing standard DSA.17,18

In summary, there are several useful methods to localize 
the AKA. Although contrast-enhanced MRA or IACTA   
are considered more effective in detecting this artery, the 
authors consider CTA  the first-line examination to be 
performed for detection of the AKA. According to the 
literature, AKA detection rates range from 60–100% for 
CTA, 67–88% for MRA, 55–96% for DSA and 94–100% 
for IACTA, as shown in Table 2.

The  consecutive routine MDCT examinations ana-
lyzed in the present study research were not carried out 
for the purpose of detecting the AKA, so the contrast 
dose and injection time (which was constant in the mate-
rial analyzed: 30  s after injection) may have been insuf-
ficient. This was probably the reason that the AKA detec-
tion rate using multi-detector CT was only about 22%, 
which was lower than in other authors’ studies (Table 2). 
To obtain sufficient arterial opacification, rapid injection  
(4.0–4.5 m/s) with bolus tracking in the aorta and a rela-
tively high dose of contrast material (130–180  mL) are 
considered necessary to visualize the AKA using CTA, es-
pecially in oncological patients with poor veins.9 Accord-

ing to Nakayama et al., the optimal protocol entails a delay 
of 18 s after triggering and an iodine dose of 720 mg I/kg 
body weight.19 In the present study it was approximately 
530 mg I/kg.

The AKA is a small-diameter vessel surrounded by bony 
structures and even small artifacts can distort CT images. 
According to a study of Murthy et al. analyzing 112 an-
giographs, AKAs were located in the upper half of the fora-
men in 97% of the cases, and in the upper third in 88%; 9% 
were located in the middle third; and 2% were located in 
the lower third. The AKA was never seen in the inferior 1/5 
of the foramen. In the present study, the AKA was located 
in the upper half of the foramen in all cases (Fig. 5). This 
upper localization of the AKA, close to bone structures 
(the inferior margin of the superior pedicle), can cause dif-
ficulties in imaging of the continuity of the AKA  in the 
foramen (Fig. 3).20 Boll et al. reported that using a brain 
reconstruction system can minimize beam hardening ar-
tifacts from high-density osseous structures and obscura-
tion of sharp delineation of vasculature, while in our study 
standard protocol and reconstructions were used.10

The tube voltage of the CT scanner is very important, 
because lower voltages lead to stronger attenuation by 
intravascular contrast material compared to higher volt-
ages. In the present study the tube voltage was 120 kV and 
the detection rate was about 22%, while Nijenhuis et al. 
reported a 77% detection rate using 80 kV and only 31% 
using 120 kV (which is much closer to the results of the 
present study).13

Table 2. Detection rate and left-sided lateralization of the AKA reported in other studies

Author [ref.] Method Detection (%) Right (%) Left (%) Range

Furukawa et al.15 IACTA 100 44 56 T5–L4

Boll et al.7 CTA 100 37 63 T8–L2

Charles et al.4 SS-DSA 96 22 78 T8–L2

Alleyne et al.18 CA 90 22 78 T9–L2

Takase et al.6 CTA 90 29 71 T7–L2

Bley et al.12 MRA 88 35 65 T6–L1

Koshino et al.3 CA 88 28 72 T5–L2

Kieffer et al.13 SS-DSA 86 13 87 T7–L3

Hyodoh et al.9 MRA 82/67 22 78 T7–T12

Yoshioka et al.2 MRA
CTA

67
80

19 81 T7–T12

Nijenhuis et al.19 MRA
CTA

97
77/31

36 64 T8–L1

Kudo et al.20 CTA 68 31 69 T10–L2

Melissano et al.21 CTA 67 27 73 T7–L3

Uotani et al.14 IACTA
IVCTA

94
60

28 72 T7–L2

Williams et al.22 SS-DSA 55 15 85 T7–L2

The present study CT 22 15 85 T5–L2

CA – cadaver anatomy; CTA – computed tomographic angiography; IACTA – intra-arterial computed tomographic angiography; IVCTA – intravenous 
computed tomographic angiography; MRA – magnetic resonance angiography; SS-DSA – selective spinal digital subtraction angiography.
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Nishida et  al. demonstrated that model-based itera-
tive reconstruction (MBIR) improves visualization of the  
Adamkiewicz artery on MDCT compared to adaptive sta-
tistical iterative reconstruction (ASIR) and filtered back 
projection (FBP).21 In the present study only a FBP recon-
struction algorithm was used.

Detection of the AKA  is also determined directly by 
criteria used for its identification. Hyodoh et al. reported 
a detection rate of 82% for AKA visualization by the “hair-
pin turn” connection, while for arterial continuity from 
the aorta to the ASA it was 67%.12

The present authors were not able to assess other condi-
tions of the examined patients (e.g. scoliosis, low cardiac 
output or atherosclerosis) due to the fact that it was a ret-
rospective study, and no verification with DSA  was per-
formed. Because the mean age of the patients in the con-
secutive MDCT series analyzed in this study was 62 years, 
many of the patients are likely to have had atherosclerosis, 
which may have made detection of the AKA very difficult.

Conclusions
The results of the study confirm that the AKA has left-

sided lateralization and is most frequently localized be-
tween T9 and T12, which is consistent with the initial 
findings of Adamkiewicz and results reported in the lit-
erature (Table  2). The  AKA  usually originates at a  level 
between T8 and L2. Nevertheless, the origin of AKA was 
very variable and ranged from T5 in one person to L2 in 
another patient. Imaging of the AKA is possible as a part 
of routine CT examinations, but with a significantly lower 
incidence than in dedicated protocols. For better visu-
alization of the AKA, iterative reconstruction should be 
used and an arterial phase of CT always has to be started 
individually (automatic bolus tracking) and the flow rate 
of contrast administration should not be below 4.5 mL/s. 
The  total amount of contrast should be greater than in 
a routine CT, and the scanning range should cover at least 
the area from T5 to L3 level.
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Abstract
Background. Proton pump inhibitors (PPIs) are widely applied for acid related disorders, and possess 
pleiotropic biological functions. The effect of PPIs on the gastric mucosa, neutrophil and Helicobacter pylori 
(H. pylori) infiltration and glandular atrophy has not been well investigated, particularly the duration of the 
effects of PPIs.

Objectives. To investigate the effects of PPIs on neutrophil infiltration, H. pylori infiltration and the gastric 
mucosa.

Material and methods. A total of 76 adult patients with gastrointestinal symptoms who had undergone 
upper gastrointestinal endoscopy were enrolled in the study. Each patient’s history was recorded, including 
smoking, alcohol consumption and the duration of PPI use prior to gastric biopsy. Endoscopic biopsies of 
gastric antral mucosa were performed and evaluated by histology. Neutrophil and H. pylori infiltration were 
graded by H & E staining in accordance with the updated Sydney system.

Results. Among the 76 patients, 44 patients had H. pylori infection and 19 patients had taken PPIs for vary-
ing durations prior to gastric biopsy. Neutrophil infiltration was significantly inhibited by PPIs (p = 0.005). 
The duration of PPI use was correlated with inhibition of neutrophil and H. pylori infiltration. A logistical re-
gression analysis demonstrated that PPIs significantly inhibited neutrophil infiltration in the gastric mucosa 
and were associated with atrophy of the mucosa.

Conclusions. PPIs attenuated neutrophil infiltration of gastric mucosa, and may be related to atrophy of 
the mucosa.

Key words: Helicobacter pylori, gastric mucosa, proton pump inhibitor, neutrophilDOI
10.17219/acem/33116
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Proton pump (H+/K+ –adenosine triphosphatase 
[ATPase]) inhibitors (PPIs) have been widely used for the 
treatment of acid-related disorders since the mid-1980s 
due to their strong anti-secretory effect, and have become 
one of the most important treatment strategies for acid-
related gastrointestinal disorders.1 Both short- and long-
term adverse effects of PPI use, including increased risk 
of infection, neoplasia and drug interaction, have been 
reported. PPIs may also affect gastric mucosal inflam-
mation, attenuate neutrophil functions and cause hypo-
chlorhydria.2–4

Neutrophils have long been viewed as short-lived effec-
tor cells of the innate immune system; they are recruited 
to the site of inflammation and generate reactive oxygen 
and nitrogen species.5 With their destructive potential, 
neutrophils enter peripheral tissue and interact closely 
with host cells.5,6 Helicobacter pylori (H. pylori) infection 
is a  global threat and commonly persists for life unless 
treated. H. pylori is one of the major factors related to the 
pathogenesis of gastric mucosa injury and the main cause 
of chronic gastritis, gastric mucosal atrophy, peptic ulcer 
and some forms of gastric cancer.7 The recruited neutro-
phils participate in the complex process of gastric inflam-
mation, including biochemical tissue injury and immuno-
logical response. Although the precise mechanism of the 
development of gastritis is still not very clear, it may be 
related to the combined influences of bacterial toxin and 
cytokines on recruited neutrophils.8

The first PPI, omeprazole, has been proven to attenu-
ate neutrophil and lymphocyte functions in vitro.9–12 PPIs 
affect the interaction of neutrophils with endothelial cells 
and attenuate neutrophil association with chemostatic 
cytokines of gastric mucosa.2,4,13 However, the effect of 
PPIs on gastric mucosa and neutrophils has not been 
thoroughly clarified.14,15 This study investigated the effect 
of PPIs on H. pylori, neutrophil infiltration and gastric an-
tral mucosa inflammation.

Material and Methods

The patients

A  total of 76  patients with gastritis, with or without 
peptic ulcer disease, were enrolled in the study. At least 
2  biopsy specimens of antral mucosa of the stomach 
were taken during endoscopy for evaluation of the gas-
tric mucosal inflammation status. Each patient’s medical 
history and basic demographic data were obtained from 
their medical records and by taking their histories. All the 
subjects provided informed consent before the endosco-
py. The study was approved by the Institutional Review 
Board of Taichung Veterans General Hospital.

Endoscopy and disease assessment

An  experienced endoscopist performed the gastroin-
testinal endoscopies. Biopsy specimens were taken from 
the antrum of the stomach of all 76 patients to evaluate 
the gastric mucosal inflammatory status. Gastric ulcers, 
duodenal ulcers and reflux esophagitis were diagnosed 
endoscopically.

Histological assessments

Biopsy specimens were examined with hematoxylin-
eosin (HE) staining. The  specimens from the antrum 
were assessed for the presence of H. pylori, neutrophil in-
filtration, lymphocyte infiltration, glandular atrophy and 
intestinal metaplasia. Intestinal metaplasia was evaluated 
morphologically by the presence of goblet cells, absorp-
tive cells and cells resembling clonocytes. Neutrophil 
infiltration was diagnosed by the presence of polymor-
phonuclear leukocytes in the lamina propria of the gastric 
mucosa. H. pylori infection, neutrophil infiltration, lym-
phocyte infiltration, intestinal metaplasia and glandular 
atrophy were classified as none, mild, moderate and se-
vere according to the updated Sydney system.16

Statistical analysis

All the statistical analyses were carried out using the 
Statistical Package for Social Sciences (version 15.1; 
SPSS, Inc., Chicago, USA) and SAS 9.1.3 (SAS Institute 
Inc., Cary, USA). Continuous variables are expressed as 
means ± SD. The Kruskal-Wallis test or Mann-Whitney 
U test was used for inter-group comparisons of continu-
ous variables. The χ2 test with Yates’ correction was used 
for the comparisons of discrete variables, gender, the 
presence/absence of H. pylori infection and the histology 
grading of neutrophil infiltration. Forward stepwise logis-
tic regression analysis was used for comparisons of histo-
logical variables among PPI users and non-PPI users. For 
two-group comparisons a two-sided p value of less than 
0.05 was considered statistically significant.

Results

PPI use, peptic ulcer type and H. pylori 
affect neutrophil infiltration

A total of 76 patients (46 females and 30 males, mean 
age 56.6 years) were examined. Among them 19 patients 
were taking PPIs and 57  patients were not taking PPIs 
in the 3 months prior to their endoscopic examinations. 
The  baseline clinical characteristics of the patients and 
variables affecting neutrophil infiltration are shown in 
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Table 1. Among the 76 patients, there were no differences 
in grades of neutrophil infiltration based on age, gender, 
NSAID use and smoking history. The use of PPIs prior to 
endoscopic examination significantly affected neutrophil 
infiltration. The  results demonstrated that patients who 
were taking PPIs tended to have less neutrophil infiltra-
tion in the gastric mucosa than non-PPI users.

PPI use modulates neutrophil infiltration, 
lymphocyte infiltration and atrophy 
of the mucosa

The histological characteristics of PPI users and non-
PPI users are shown in Table 2. Patients taking PPIs had 
less neutrophil infiltration and lymphocyte infiltration 
(p = 0.005 and 0.009, respectively). Though only 41 pa-
tients (54%) , the atrophy index of mucosa was also more 

Table 1: Patient variables that affect neutrophil infiltration

Variable Grade

Neutrophil infiltration 

P-valuenone (n = 22) mild (n = 26) moderate (n = 16) marked (n = 12)

n (%) n (%) n (%) n (%)

Age 62.55 ± 16.56 62.15 ± 18.22 59.88 ± 8.61 54.67 ± 9.44 0.446 b

Gender m
f

10
12

(45.5)
(54.5)

11
15

 (42.3)
 (57.7)

 3
13

(18.8)
(81.3)

 6
 6

 (50.0)
 (50.0)

0.278 a

PPIs without
with

11
11

(50.0)
(50.0)

20
 6

 (76.9)
 (23.1)

14
 2

(87.5)
(12.5)

12
 0

(100.0)
  (0.0)

0.005 ** a

NSAIDs without
with

21
 1

(95.5)
 (4.5)

26
 0

(100.0)
  (0.0)

15
 1

(93.8)
 (6.3)

12
 0

(100.0)
  (0.0)

0.540 a

Smoking without
with

19
 3

(86.4)
(13.6)

26
 0

(100.0)
  (0.0)

14
 2

(87.5)
(12.5)

11
 1

 (91.7)
  (8.3)

0.296 a

UGI scopy GU
DU

GU + DU
gastritis

esophagitis

 6
 5
 1
 1
 9

(27.3)
(22.7)
 (4.5)
 (4.5)
(40.9)

12
 5
 1
 4
 4

(46.2)
(19.2)
 (3.8)

 (15.4)
 (15.4)

 4
 9
 3
 0
 0

(25.0)
(56.3)
(18.8)
 (0.0)
 (0.0)

 3
 4
 5
 0
 0

 (25.0)
 (33.3)
 (41.7)
  (0.0)
  (0.0)

0.0004 ** a

H. pylori 
(histology)

none
mild

moderate
severe

19
 3
 0
 0

(86.4)
(13.6)
 (0.0)
 (0.0)

19
 3
 3
 1

 (73.1)
 (11.5)
 (11.5)
  (3.8)

 6
 2
 4
 4

(37.5)
(12.5)
(25.0)
(25.0)

 0
 1
 6
 5

  (0.0)
  (8.3)
 (50.0)
 (41.7)

< 0.0001 ** a

H. pylori 
(histology)

negative
positive

19
 3

(86.4)
(13.6)

19
 7

 (73.1)
 (26.9)

 6
10

(37.5)
(62.5)

 0
12

  (0.0)
(100.0)

< 0.0001 ** a

a Pearson χ2 test; b Kruskal-Wallis test; * p < 0.05; ** p < 0.01.

Table 2. Histological variables in patients who used or did not use PPIs

Variable Grade

PPI

P-valuewithout PPI (n = 57) with PPI (n = 19)

n (%) n (%)

Neutrophil infiltration none
mild

moderate
severe

11
20
14
12

(19.3)
(35.1)
(24.6)
(21.1)

11
 6
 2
 0

(57.9)
(31.6)
(10.5)
 (0.0)

0.005 ** a

Chronic inflammation none
mild

moderate
severe

 0
14
23
20

 (0.0)
(24.6)
(40.4)
(35.1)

 0
11
 7
 1

 (0.0 )
(57.9)
(36.8)
 (5.3)

0.009 ** a

Atrophy none
mild

moderate
severe

25
 5
 1
 0

(80.6)
(16.1)
 (3.2)
 (0.0)

 4
 6
 0
 0

(40.0)
(60.0)
 (0.0)
 (0.0)

0.023 * a

Intestinal metaplasia none
mild

moderate
severe

34
14
 7
 2

(59.6)
(24.6)
(12.3)
 (3.5)

11
 7
 1
 0

(57.9)
(36.8)
 (5.3)
 (0.0)

0.548 a

a Pearson χ2 test; b Yates’ correction for continuity; * p < 0.05; ** p < 0.01.
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severe in PPI users than non-PPI users. There were no 
significant differences in intestinal metaplasia between 
PPI and non-PPI users.

The duration of PPI use correlated with 
inhibition of neutrophil and H. pylori 
infiltration

Figure 1 shows the duration of PPI use among patients 
with different grades of gastric neutrophil infiltration 
(22 patients with no neutrophil infiltration, 26 with mild 
infiltration, 16 with moderate and 12 with marked infil-
tration; 79.32 ± 117.67, 26.12 ± 81.04, 8.38 ± 29.97, and 
0.00  ±  0.00, respectively; p  =  0.004). Patients with de-
creased neutrophil infiltration tended to have taken PPIs 

for longer durations prior to endoscopic examination. 
The duration of PPI use also had a  significant effect on 
H. pylori infiltration (Fig. 2).

PPI use was associated with decreased 
neutrophil infiltration and increased 
mucosal atrophy

Tables  3a and 3b present the results of forward step-
wise logistical regression analysis of PPI use. PPI use was 
associated with decreased neutrophil infiltration and in-
creased mucosal atrophy.

Fig. 1. The duration of PPI use among patients with different grades of 
neutrophil infiltration in the gastric mucosa. The Kruskal-Wallis test was 
used for comparison of four groups and the Mann-Whitney U test was 
used for comparison between each group and none group; a) Kruskal- 
-Wallis test; b) Mann-Whitney U test; *p < 0.05)

Fig. 2. The duration of PPI use among patients with different grades of 
H. pylori infiltration in the gastric mucosa. The Kruskal-Wallis test was used 
for comparison of four groups and Mann-Whitney U test was used for 
comparison between each group and none group; a) Kruskal-Wallis test; 
b) Mann-Whitney U test; *p < 0.05)

Table 3 a. Stepwise logistic regression analysis of the effect of PPI use (total number of patients: n = 76)

Variable
(cutoff )

Regression
coefficient S.E. Odds ratio 95% CI of odds ratio P-value

Neutrophil activity 0.007 **

Neutrophil activity (mild) –1.204 0.631 0.30 0.09 – 1.03 0.056 

Neutrophil activity (moderate, severe) –2.565 0.849 0.08 0.01 – 0.41 0.003 **

Constant  0.000 0.426 1.00 1.000 

* p < 0.05 (tested by Wald statistics); accuracy of model = 75.0%; regression mode: forward stepwise.

Table 3 b. Stepwise logistic regression analysis of the effect of PPI use (in relation to the number of patients with gastric mucosa atrophy evaluation; n = 46)

Variable
(cutoff )

Regression
coefficient S.E. Odds ratio 95% CI of odds ratio P-value

Neutrophil activity 0.084 

Neutrophil activity (mild) –3.292 1.528  0.04 0.00 –   0.74 0.031 *

Neutrophil activity (moderate/severe) –2.062 1.265  0.13 0.01 –   1.52 0.103 

Atrophy  3.317 1.364 27.57 1.90 – 399.40 0.015 *

Constant –0.630 0.685  0.53 0.357 

* p < 0.05 (tested by Wald statistics); accuracy of model = 80.5%; regression model: forward stepwise.
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Discussion
The  study showed that PPIs affect the microenviron-

ment of the gastric mucosa. PPI users in the study group 
had less neutrophil and lymphocyte infiltration in the 
gastric mucosa than non-users. In addition, PPI use also 
affected H.  pylori infiltration in the gastric mucosa and 
induced gland atrophy.

PPIs may affect leukocyte infiltration and the gastric 
mucosal gland. Furthermore, PPIs may be related to 
the course of gastric inflammation and carcinogenesis. 
A previous study suggested that PPIs may attenuate neu-
trophil-related oxidative stress and phagocytosis.3,9,10,12 
PPI-induced agranulocytosis and impaired lymphocyte 
functions have recently been reported.11,17 The  neutro-
phils that infiltrate gastric mucosa are affected by PPIs. 
PPIs can attenuate neutrophil adherence to endothelial 
cells by inhibiting the expression of adhesion molecules.13 
The results of the current study indicated that PPIs may at-
tenuate the infiltration of neutrophils in the gastric antral 
mucosa. Infiltrating neutrophils play an important role in 
gastric mucosal injury, particularly in regard to oxidative 
stress and inflammatory cytokines.6 Gastric mucosa neu-
trophils also defend against foreign bacterial infection. 
The effect of PPIs on gastric mucosa neutrophil-related 
oxidative stress and the innate immunity of neutrophils 
in the gastric mucosa need further investigation, particu-
larly considering the heterogeneity of human hosts.

Gastric mucosa glandular distribution and inflamma-
tory cytokine production are also affected by PPIs. Two 
components of gastric inflammatory status, intestinal 
metaplasia and glandular atrophy, have been studied. 
A  previous report suggested PPI use may be related to 
mucosal atrophy, but not intestinal metaplasia. There 
also may be complex biological interactions among PPIs, 
H.  pylori, gastritis and carcinogenesis, but the mecha-
nisms of such interactions have not been clarified. In the 
natural course of H. pylori infection, the location of H. py-
lori, acid secretion, PPI use and neutrophil infiltration are 
all important components in the development of gastritis.

The effect of PPIs on gastric neoplasms has not yet been 
decisively clarified. PPI use may be related to atrophy of 
the gastric glands, which in turn may be linked to carci-
nogenesis. However, a relationship between PPI use and 
cancer has not been established. The  results of animal 
studies on the role of PPIs in inflammation and carcino-
genesis are controversial. Yeo et  al. demonstrated that 
PPIs suppressed H. pylori-induced angiogenesis.18 Hagi-
wara et al. reported that long-term PPI use exacerbated 
atrophic gastritis and promoted carcinogenesis.19 In  the 
present study, PPI use was related to glandular atrophy. 
PPIs may play a  role in the course of gastritis, atrophic 
gastritis, intestinal metaplasia and carcinogenesis.

One limitation of this study was the small number of 
subjects enrolled; another was the fact that the quan-
tity of neutrophils was not measured over the corpus of 

stomach. In  addition, chemokine activity (for example, 
interleukin-8) was not evaluated in relation to neutrophil 
infiltration; clarification of the mechanism of neutrophil 
attraction will require further study.

Conclusions
The  study showed that PPIs modified the microenvi-

ronment of gastric mucosa. PPIs use attenuated the infil-
tration of neutrophils and H. pylori in the gastric mucosa. 
The suppressive effect of PPIs on neutrophil and H. pylori 
infiltration was also related to the duration of PPI use.
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Abstract
Background. Diabetic macular edema (DME) is responsible for three-quarters of vision-loss cases in dia-
betic eye disease. In most cases, early treatment by laser photocoagulation can only stabilize vision. Gluco-
corticoids have been used as a local pharmacological treatment in DME when the inflammation seems to 
have a pathological background.

Objectives. The aim of the study was to establish the effectiveness and safety of intravitreal triamcinolone 
injections in the treatment of DME.

Material and methods. Twenty mg intravitreal injections of triamcinole acetonide (IVTA) were applied 
to 110 DME patients after ineffective laserphotocoagulation or as an initial treatment. Best corrected visual 
acuity (BCVA) for distant and near vision, central retinal thickness and intraocular pressure (IOP) were ana-
lyzed before and after the treatment at intervals of 1 week, 1 month, 3 months and 6 months. The measure-
ments were continued in cases of repeated IVTA.

Results. Statistically significant improvements were observed in BCVA in near and distant vision, as well as 
a decrease in central retinal thickness after all time-intervals following IVTA. BCVA in distant vision was not 
significantly improved after repeated IVTA. IOP increases were observed 1 week, 1 and 3 months after IVTA, 
but not at 6 months after IVTA. No sight-threatening side effects of IVTA were observed.

Conclusions. IVTA is useful in stabilizing DME progression, although its therapeutic effect may be time-
limited.

Key words: diabetes, macular edema, triamcinolone
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Diabetic macular edema (DME) caused by microvascu-
lar damage of the retinal center is responsible for three-
quarters of vision-loss cases in diabetic eye disease.1 
Due to the increasing incidence of type II diabetes in the 
working-age population, DME has become a major public 
health problem.2 The Wisconsin Epidemiologic Study of 
Diabetic Retinopathy (WESDR) has shown that reduced 
central vision decreases the quality of life.3 The  current 
common standard of DME treatment still relies on fo-
cal laser coagulation of leakage in defined retinal areas 
according to guidelines set out by the Early Treatment 
Diabetic Retinopathy Study (ETDRS).4 In  most cases, 
early treatment by laser photocoagulation can only sta-
bilize vision. According to the ETDRS study, 15% of the 
treated patients, and as many as 25% with diffused edema, 
showed decreased visual acuity (a loss of ≥ 15 ETDRS let-
ters) after a  3-year follow-up interval.4 Grid laser treat-
ment covering the whole macular region with a  grid of 
laser spots is mostly ineffective in diffuse DME. Therefore 
therapeutic strategies involve combating systemic risk 
factors (intensive glycemic and blood pressure control), 
using pharmacological therapies and even surgical treat-
ment in refractory cases.

Due to their anti-inflammatory effect, glucocorticoids 
have been used as a  local pharmacological treatment in 
DME when the inflammation seems to have a pathologi-
cal background. Intravitreal triamcinolone injections of 
different doses (1, 4, 8, 12, 16 and 20 mg) have been found 
effective in reducing macular edema and improving vi-
sion in refractory DME following laser treatment, or even 
as an initial treatment.5–8 The bigger the dose of triam-
cinolone given intravitreally the longer the drug remains 
active, which means that larger doses can reduce the risk 
of endophthalmitis, as fewer injections are subsequently 
required.9

Steroid-related adverse events, e.g. cataract and elevat-
ed intraocular pressure (IOP), should be weighed against 
the benefits of the treatment.10,11

The aim of this prospective study was to report anatom-
ic changes and best corrected visual acuity (BCVA) for 
distant and near vision in response to intravitreal 20 mg 
triamcinolone acetonide injections in patients with DME. 
Side effects of the intraocular steroid – cataract progres-
sion and increases in IOP – were also analyzed.

Material and methods
This prospective interventional study was conducted 

on a series of eyes with DME that had not been responsive 
to laserphotocoagulation, and eyes with DME being treat-
ed for the first time with intravitreal triamcinolone ace-
tonide injections between December 2006 and December 
2009 (Table  1). The  Wroclaw Medical University Ethics 
Committee approved the study protocol. All the patients 
were informed of all possible side effects of the proposed 
treatment and consented to the therapy.

Each patient underwent BCVA measurements based on 
ETDRS charts for distant vision and on Radner charts for 
near vision. Each patient was examined using slit-lamp 
biomicroscopy, which included Goldmann tonometry 
IOP measurement, gonioscopy and fundus ophthalmos-
copy. The retinal thickness of the central 1 mm part of the 
retina was obtained using optical coherence tomography 
(OCT) mapping software (Stratus OCT III, Carl Zeiss, 
Dublin, USA). The eye was prepared using Oftaquix drops 
(Santen Oy, Tampere, Finland) 4 times a  day for 3  days 
before the procedure, and was treated in a standard pre-
operative fashion with alcaine drops for local anesthesia 
and 5% povidone/iodine. An eyelid speculum was used to 
stabilize the eyelids, and an injection of 20 mg (0.1 mL) of 
triamcinolone acetonide was performed with a 30-gauge 
needle 3.5-4.0 mm posterior to the limbus, through the 
inferotemporal pars plana.

Two different pharmaceutical triamcinolone acetonide 
products were used, depending on availability: preserva-
tive-free Aurocort (Aurolab, Veerapanjan, India), intend-
ed for intravitreal use; or Kenalog (Bristol-Myers Squibb, 
Anagni, Italy), used off label. In both cases, the drug vol-
ume was minimized by eliminating the solvent after di-
viding the ampule in half and centrifuging the drug.

After the injection, the IOP was checked and paracente-
sis was performed if needed. The patients were instructed 
to administer Oftaquix for the next three days. The pa-
tients were examined the day after the injection, 1 week 
later, and 1, 3 and 6 months after the initial injection. Re-
injections were performed in cases of recurrent edema. 
Reevaluations were carried out at the same time intervals.

In cases complicated by the development of cataracts, 
phacoemulsification with intraocular artificial lens im-
plantation was carried out with an intravireal triamcino-
lone acetonide injection if recurrent DME was also pres-
ent. Recurrence was defined as a decrease in BCVA along 
with an increase in intraretinal fluid due to macular 

Table 1. The study group with DME

Sex Patients Type I diabetes Type II diabetes Age Duration of diabetes 
(years)

Women 58 (62) 6  52  63.7 ± 10.8

Men 52 (51) 3  49 63.2 ± 9.0

Totally 110 (113) 9 101 63.5 ± 10 1–39 years
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edema on OCT, following partial or complete resolution 
in previous follow-up visits. The  main assessments for 
the study included changes in distant and near BCVA, 
OCT measurements of central retinal thickness and IOP. 
Interval data were analyzed during follow-ups 1 week,  
1 month, 3 months and 6 months after the procedure.

Statistical analysis

The  results were statistically verified using Epi Info 
v.  3.4.3. software (Centers for Disease Control and Pre-
vention, Atlanta, USA). Mean values and standard devia-
tions were calculated for normally distributed variables 
(parametric tests). Median tests were used for other 
variables (non-parametric tests). The  c2 test was used 
to compare categorical values and Student’s t-test or the 
Mann-Whitney U  test were used to compare numerical 
variables. Student’s t-test was used to compare the mean 
values of the examined parameters, and the Wilcoxon test 
was used for the medians. A p value of less than 0.05 was 
considered statistically significant.

Results
BCVA for distance was found to be significantly better 

1 week, 1 month, 3 and 6 months after the first IVTA in-
jection in comparison to the initial BCVA (Fig. 1). After 
repeated (2 and 3) IVTA  injections, no significant im-
provement in distant BCVA was observed at any of the 
follow-up intervals. Therefore the difference between the 
initial and final distant BCVA  among the patients who 
received repeated injections was not statistically signifi-
cant. BCVA for reading was significantly better at all of 
the follow-up time points after the first injection (Fig. 2). 
After each of the repeated IVTA injections, the difference 
between the initial and observed BCVA for reading was 

significantly better, with the exception of the measure-
ments 1 month and 6  months after the third additional 
injection. The final difference between the initial and im-
proved BCVA for reading over the whole investigated pe-
riod was statistically significant (p < 0.05).

In the study group, a decrease was observed in central 
retinal thickness, which was statistically significant in 
comparison to the initial value at all of the follow-up time 
points after the first injection (Fig. 3).

Significant improvements were observed in the OCT 
measurements after all of the repeated injections, with 
the exception of the 6-month follow-up after the third in-
jection in 13 patients.

Increases in IOP values were noted at the 1-week, 
1-month and 3-month follow-up periods in comparison 
to the initial measurements. The  difference in IOP was 
no longer statistically significant 6 months after the first 
injection (p = 0.279, Fig. 4). The difference between the 

Fig. 1. Best corrected visual acuity (BCVA) for distance vision on the  
LogMar scale in the follow-ups in comparison to the initial distance BCVA. 
SE – standard error; SD – standard deviation

Fig. 2. Best corrected visual acuity (BCVA) for reading on the LogMar scale 
in the follow-ups in comparison to the initial reading BCVA. SE – standard 
error; SD – standard deviation

Fig. 3. Central macular thickness (µm) in the follow-ups in comparison  
to the initial central macular thickness (µm). SE – standard error;  
SD – standard deviation
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initial and final IOP measurements in the observed group 
was not statistically significant either.

Trabeculectomies were necessary in two patients to 
lower their IOP to a safe level. Pharmacological treatment 
was sufficient in the other cases of increased IOP. Endo-
phthalmitis was not observed in the study group.

Discussion
Due to the frequent ineffectiveness of laser treatment 

in DME patients, treatment with intravitreally triam-
cinolone injections was recently proposed. Crystalline 
triamcinolone in intravitreal injections turned out to be 
effective in limiting diabetic inflammatory reactions in 
the microcirculation.8 Machemer suggested using a  de-
pot form of steroids due to the intravitreal absorption 
time of 2–5 months.12, 13 In the present study the decision 
was made to inject 20 mg of triamcinolone acetonide to 
achieve an extended activity time, knowing that a dose of 
4 mg triamcinolone acetonide could be effective no lon-
ger than 3 months.14 In making this decision it was im-
portant that increases in intraocular pressure induced by 
triamcinolone acetonide are reported not to be markedly 
dependent on the dosage used.15 Furthermore, in research 
on rat retinas, the potential retinal toxicity of triamcino-
lone acetonide administered in high doses was not evi-
dent, in contrast to the effects of other steroids.16

Apart from a decrease in central retinal thickness, the 
patients in the current treatment group showed signifi-
cant improvements in BCVA for distant and near vision 
after IVTA.

The improvement in distance BCVA was no longer sta-
tistically significant in the examined group after repeated 
injections. Due to recurrent DME, IVTA injections were 
repeated in 53 eyes twice, in 17 eyes three times, in 6 eyes 
4 times, and in 1 eye 5 times. Repeated BCVA improve-

ment was achieved in the treated eyes at most of the 
follow-up observation time points. Four patients had to 
undergo both a second IVTA and cataract extraction due 
to observed cataract progression.

After a  6-month observation period, 6 patients were 
diagnosed with DME of a  mostly tractional character. 
In these patients only a minimal effect was observed after 
IVTA, so pars plana (PP) vitrectomies were performed, 
combined with phacoemulsification. In 17 other patients, 
IVTA was repeated after 6 months due to recurrent DME; 
5 of these developed cataracts and the IVTA  was com-
bined with phacoemulsification. In 6 patients IVTA was 
repeated 4 times, and in 1 patient 5 times. In patients with 
recurrent DME after repeated IVTA, fluorescein angiog-
raphy was carried out and compared with pretreatment 
images. In  5 such patients avascular zones, which were 
not covered by laser spots, were found in the periphery 
of the retina. This observation supports some suggestions 
from other authors that macular edema is caused by vas-
cular endothelial growth factor (VEGF) from ischemia in 
the peripheral retina.17 The ETDRS guidelines do not rec-
ommend panretinal photocoagulation (PRP) for the treat-
ment of DME; it is believed to provoke DME progression 
and an irreversible loss of visual acuity. However, it seems 
to the present authors that combining IVTA  with PRP 
may make it possible to stabilize vision in some diabetic 
patients.

At the end of the present study’s observation period, 
nine patients had been treated by pp vitrectomy and an-
other three were prepared for it. The effects of the sur-
gical treatment were not evaluated over an extended pe-
riod of time and will be presented in a future publication. 
The authors’ experience seems to suggest that the vitreo-
retinal interface changes in the course of diabetes and its 
treatment.

After IVTA and local and/or panretinal phocoagulation 
stabilization of the blood-retinal barrier can be achieved. 
Recurrent or remaining DME could be caused by trac-
tion of altered vitreo-retinal interface. Mechanical stress 
or stretch can also provoke leakage. There are no clear 
indications for treating DME by pp vitrectomy, and the 
decision to undertake it has to be made after careful ob-
servation.

The best balance for the patient should be ascertained 
at each examination.

Each diabetic patient needs a  tailor-made decision. 
Although the recently completed Diabetic Retinopathy 
Clinical Research Network (DRCRnet) trial comparing 
photocoagulation and IVTA of 2 dosages (1 mg or 4 mg) 
favored laser treatment in cases of changes in vision and 
central retinal thickening over time18, IVTA  should still 
be considered in DME cases resistant to photocoagula-
tion. IVTA may still be the only longer-acting treatment 
option for DME cases recurring shortly after anti-VEGF 
injections, which nowadays are commonly used in DME 
treatment. Even dexamethasone steroid implants (Ozur-

Fig. 4. Intraocular pressure (T, mm Hg) in the follow-ups in comparison to 
the initial intraocular pressure. SE – standard error; SD – standard deviation
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dex), currently being introduced in DME treatment, may 
not have a longer duration than triamcinolone acetonide 
injections.19 Fluocinolone acetonide intravitreal implants 
(Iluvien) should be effective up to 36 months after intra-
vitreal injection, but, like Ozurdex, will not be available in 
the near future for most diabetic patients due to its cost, 
which is not reimbursed by national health insurance in 
many countries.20

As there was no control group in the present study, it 
cannot conclusively be stated that the remission of dia-
betic edema was in each case the effect of the therapy; 
there is a chance that it might have occurred in the natu-
ral course of the disease. Moreover, the potential effects 
of glycemic levels or other systemic parameters that can 
influence the course of DME were not taken into account.

Conclusions
IVTA  is useful in stabilizing the progression of DME, 

although its therapeutic effect can be time-limited.
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Abstract
Background. Registration of infliximab in Poland has increased chances to induce clinical remission and 
mucosal healing in the severe form of pediatric Crohn’s disease.

Objectives. The aim of this retrospective study was to assess the results and safety of infliximab therapy in 
the severe form of pediatric Crohn’s disease.

Material and methods. The study included 153 children with severe form of non-fistulizing Crohn’s 
disease treated with infliximab. The clinical activity of Crohn’s disease was assessed according to PCDAI 
scale, endoscopic scoring was graded according to SES-CD, body mass was measured with body mass index 
(BMI). Infliximab was administered at the dose 5 mg/kg body mass in the 0.2 and 6th week, and then, after 
clinical response, every 8 for the period of 12 months.

Results. One hundred thirty-six children (88.89%) achieved clinical response after induction therapy and 
75.21% of children after the maintenance therapy. 39.68% of children achieved remission as graded with 
endoscopic scoring SES-CD. There was a statistically significant increase in body weight following the treat-
ment. Side effects such as anaphylaxis, rash, and the activation of EBV infection appeared in 9 children at 
the time of infliximab injection. In other children the drug was well tolerated.

Conclusions. Induction and maintenance therapy with infliximab resulted in clinical remission of Crohn’s 
disease in 75.21% of children, and in the intestinal mucosa healing in 39.68% of children.
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Crohn’s disease (CD) and ulcerative colitis (UC) are clas-
sified as inflammatory bowel diseases of unknown etiol-
ogy and with no causative treatment. Increased incidence 
of pediatric Crohn’s disease together with the constant in-
cidence of ulcerative colitis has been observed during the 
last decade.1 Crohn’s disease may be diagnosed in people 
of all age groups, but most frequently in children over the 
age of 10 years, with its peak incidence occurring between 
15–40 years of age. In 25–30% of patients first symptoms 
appear under the age of 20 years.1,18,20 In Crohn’s disease, 
inflammatory changes affect full thickness of the bowel 
wall and occur segmentally with locations that can affect 
all parts of the gastrointestinal tract from mouth to rec-
tum. The disease course is more severe in children than in 
adults. Crohn’s disease is characterized by greater exten-
sion of intestinal lesions, higher incidence of exacerbations, 
fistulas and perianal changes, inhibited physical and sexual 
development, loss of body weight and malnutrition.7,21,23 
The primary goal of Crohn’s disease treatment is to obtain 
clinical remission and mucosal healing, physical develop-
ment and improvement of the quality of life and the nor-
malization of biochemical parameters including the fecal 
calprotectin determination.20 Patients are treated with 
5-ASA  preparations, thiopurine, glucocorticoids, nutri-
tional preparations, antibiotics, biological agents and sur-
gical treatment. Recent guidelines regarding the induction 
therapy of mild-to-moderate Crohn’s disease recommend 
nutritional therapy, steroids, antibiotics and biopharma-
ceuticals; whereas in the maintenance therapy thiopurine, 
methotrexate, and biological therapy are recommended.20 
Early immunosuppressive and biological therapies should 
be introduced in children that have a  high risk of suffer-
ing a severe course of the disease which includes: very early 
age of onset, the presence of deep ulcerations in endoscopic 
examination, inflammatory changes in the upper gastroin-
testinal tract, rectum and entire colon, growth delay, severe 
osteoporosis and the presence of fistulas.20

The  aim of this study was to present a  retrospective 
evaluation of effects and safety of infliximab therapy in 
the severe form of pediatric Crohn’s disease.

Material and methods
To  assess the effects of treatment with inflixamib the 

authors have invited university pediatric gastroenterology 
centers and pediatric departments in regional hospitals 
in Poland, which treated pediatric Crohn’s disease in the 
years 2004–2013. Each center received a personal ques-
tionnaire for the biological treatment which included the 
patient’s age, sex, body mass index (BMI), location and 
manifestation of disease activity, pharmacological, nutri-
tional, and surgical treatment, inductive and maintenance 
effects of biological therapy with infliximab. The diagno-
sis of Crohn’s disease was based on Porto criteria.11 How-
ever, the location and manifestation of the disease were 

assessed based on the Paris Classification.15 The  inclu-
sion criteria for the pediatric infliximab treatment was 
a severe, active form of Crohn’s disease measured by the 
Pediatric Crohn’s Disease Activity Index (PCDAI) above 
50 pts., the absence of clinical response to previous treat-
ment with corticosteroids, immunosuppressants and nu-
tritional treatment.8,12 Infliximab was used in the induc-
tion treatment at a dose of 5 mg/kg in the 0.2 and 6th week 
after the first intravenous infusion. Maintenance inflix-
imab therapy was administered to patients with clinical 
response, i.e. reduced disease activity by < 12.5 points (or 
more) and PCDAI level below 30 pts. for at least 2 weeks 
after the third dose of infliximab at doses: 5 mg/kg every 
8 weeks (6 doses), together with the induction therapy for 
the period of 12  months. Clinical remission in Crohn’s 
disease is defined as its activity after the maintenance 
treatment amounting to ≤ 10 points in the PCDAI scale. 
The endoscopic activity of the disease was scored before 
and after the maintenance treatment with infliximab ac-
cording to SES-CD (Simplified Endoscopic Activity Score 
for Crohn’s Disease). Mucosal healing was defined as 
0 pts. according to SES-CD.3

In  the years 2004–2013, 424  children in Poland were 
treated with infliximab.12 Two hundred twenty one (221) 
completed questionnaires from 10  health-care institu-
tions were submitted in order to assess the results of the 
treatment of pediatric Crohn’s disease. Two hundred 
eight (208) children were qualified. Out of this number, 
153 children were diagnosed with non-fistulizing Crohn’s 
disease, whereas 55 were diagnosed with fistulizing 
Crohn’s disease. Thirteen patients provided in their ques-
tionnaires incomplete clinical data and, therefore, they 
were not included in the final evaluation of treatment 
(Table 1). In this study the authors have assessed only the 
effects of treatment with infliximab in 153 children with 
non-fistulizing Crohn’s disease. The effects of treatment 
of 55 children with fistulizing Crohn’s disease are going to 
be developed separately.

The results were statistically analyzed. Basic descriptive 
statistics were calculated as an arithmetic mean (x), stan-
dard deviation (SD), median. The authors have compared 
results of clinical (PCDAI) and endoscopic (SES-CD) ac-
tivity, BMI (body mass index) before treatment and 1 year 
after treatment with the Student’s t-test for dependent 
samples. The authors have also calculated the correlation 

Table 1. Number of children with Crohn’s disease in Poland treated with 
infliximab in the years 2004–2013

Total number of treated children 424

The number of received questionaires treated  
with infliximab 221 (52.12%)

To the assessment of infliximab therapy were 
qualified
a) Crohn’s disease without fistulas
b) Crohn’s disease with fistulas
c) incomplete data

153 (69.23%)
 55 (24.89%)

13 (5.88%)
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between PCDAI, SES-CD, BMI with Pearson’s correlation 
coefficient. Results were considered to be statistically sig-
nificant at p < 0.05.

The study was approved by the Bioethical Committee of 
Wroclaw Medical University.

Results
Characteristics of pediatric patients have been present-

ed in Table 2. Crohn’s disease was most frequently diag-
nosed in children between 10–17 years of age (77.83%). 
Very young children under the age of 5 years accounted for 
4.52% of patients, children between 6–10 years of age ac-
counted for 17.65% patients. The disease duration ranged 
from 1–84 months, with a mean of 25 months. In 7 cases 
(3.16%) Crohn’s disease or ulcerative colitis were diag-
nosed in a patient’s sibling or a parent. Parenteral mani-
festation of Crohn’s disease was observed in 31 patients 
(14.03%), and that was most commonly anemia, arthral-
gia, erythema nodosum, osteopenia; whereas 23 children 
(10.4%) were diagnosed with other co-morbidities.

Location of inflammation in Crohn’s disease has been 
presented in Table 3. Its most frequent location was ter-
minal ileum and colon (42.97%), colon 14.03%, in 1/3 dis-

tal ileum (13.12%). Inflammation was often accompanied 
by changes in the upper gastrointestinal tract. Manifes-
tation of Crohn’s disease has been presented in Table 4. 
In 128 children (57.92%) Crohn’s disease was inflamma-
tory, non-stricturing and non-penetrating, in 38 children 
(17.19%) structuring, in 37 children (16.74%) penetrating, 
and in 18  children (8.14%) stricturing and penetrating. 
Fifty-five (24.88%) children were diagnosed with fistuliz-
ing Crohn’s disease. Forty (18.1%) children suffered from 
growth retardation (Table 4).

The effects of induction treatment in 153 children have 
been presented in Table 5. Clinical response occurred in 
136  children (88.89%) after 3 doses of infliximab; clini-
cal improvement has not been observed in 14  children 
(9.15%); in 3 children (1.96%) treatment has been discon-
tinued due to the anaphylactic shock that occurred dur-
ing the administration of the second (2 children) and third 
dose of infliximab (1 child).

The effects of the maintenance treatment were evaluat-
ed in 117 children; 36 children did not qualify for further 
maintenance treatment: 14 children due to lack of clinical 
response following the induction therapy, 3 children due 
to the anaphylactic shock. Nineteen patients over the age 
of 18 years were transferred for further biological therapy 
in gastroenterology departments for adults.

The  effects of maintenance treatment have been pre-
sented in Table  6. Clinical remission has been achieved 
in 88 (75.21%) children, endoscopic remission (0 pts. in 
SES-CD scale) has been achieved in 25 out of 63 children 
(39.68%). Eighteen children experienced exacerbated 
clinical symptoms during the maintenance therapy and 
8 children (6.84%) required surgical treatment. Relapse of 

Table 2. Characteristics of the children with Crohn’s disease treated with 
infliximab

Assessed parameter
Number of children

n %

Sex:  male
 female

118
103

53.39
46.60

Age at diagnosis (years) < 5  10  4.52

6–10  39 17.65

11–17 172 77.83

IBD in family   7  3.16

Concomitant disorders  23 10.40

Extraintestinal symptoms  31 14.03

n – number.

Table 3. Localization of Crohn’s disease in 221 children treated with 
infliximab

Location
Number of children

n %

L1 distal 1/3 ileum  29  13.12

L2 colonic  31  14.03

L3 ileocolonic  95  42.97

L4 upper disease   2   0.91

L1 + L4  14   6.34

L2 + L4  15  6.79

L3 + L4  35  15.84

Total 221 100.00

Table 4. Clinical manifestation of Crohn’s disease in 221 children treated 
with infliximab

Behavior of Crohn’s disease
Number of children

n %

B1 non-stricturing, non-penetrating 128 57.92

B2 stricturing  38 17.19

B3 penetrating  37 16.74

B4 stricturine and penetrating  18  8.14

P fistulas perianal
other

 50
  5

22.62
 2.26

G0 no evidence of growith delay 181 81.90

G1 growth delay  40 18.10

Table 5. Results of induction therapy in 153 children with Crohn’s disease 
without fistulas

Clinical assessment n %

Clinical response 136  88.89

Lack of response  14   9.15

Anaphylactic stock   3   1.96

Total 153 100.00
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disease occurred after 1 year of treatment in 18 out of 70 
(25.71%) children, 9 of whom were again subjected to the 
biological treatment (Table 6).

In Table 7, the authors have compared the results of PC-
DAI, SES-CD and BMI before and after one-year therapy 
with infliximab. The  authors have reported significantly 
reduced clinical (PCDAI) and endoscopic (SES-CD) activ-
ity of Crohn’s disease and statistically significant increased 
body weight (BMI). However, a comparison of the relation-
ship between measured parameters has shown, with the 
Pearson correlation coefficient, a  statistically significant 
correlation between PCDAI and SES-CD before (r = 0.24, 
p = 0.037) and after the treatment (r = 0.4, p = 0.001). Side 
effects such as anaphylaxis, rash, activation of EBV infec-
tion, increased blood pressure and tachycardia occurred 
in 9  children during intravenous infliximab infusion 
(Table 8). Infliximab was well tolerated in other children. 
During the treatment patients also received preparations 
of 5-ASA, azathioprine or methotrexate.

Discussion
Crohn’s disease is a chronic inflammation of intestines 

characterized by a progressive course with periods of re-
mission and exacerbation. The  natural course of disease 
is characterized by inflammation of the intestinal mu-
cosa that gradually covers layers of intestinal walls and 
leads to fibrosis, stenosis and to the development of fis-
tulas. The course of the disease is more severe in children 
compared to adults, since lesions are more extensive, and 
there occur disturbances in growth and puberty; paren-
teral symptoms complications and surgical interventions 
appear more often.6,21 It is assumed that early onset of the 
disease increases the possibility of its severe progressive 
course. Diagnosis of severe Crohn’s disease in children 
under the age of 5 years may be associated with genetic 
disorders5,15 Disorders of IL-10 mutation or its receptor, as 
well as other genetic disorders6,15,18,20 have been reported 
in the youngest children. The authors have reported that 

Table 6. Results of induction and maintenance therapy with infliximab of 117 children with Crohn’s disease after 54 weeks of the treatment

Results of therapy
Number of children

n %

Clinical remission 88 75.21

Endoscopic remission 25/63 39.68

Exacerbation of the disease during treatment 18 15.39

Anaphylactic shock (after 4th and 6th dose)  3  2.56

Surgical treatment  8  6.84

Reccurence of the disease before one year after the end of treatment 18/70 25.71

New treatment:
• infliximab
• adalimumab

6/18
3/18

35.29
16.66

Table 7. Comparison of clinical activity (PCDAI), endoscopic activity (SES-CD) and BMI before (I) and after one year (II) infliximab treatment

Assessed
parameter

No. of
children

Results

I (before treatment) II (one year after treatment)
p

x medina range SD x medina range SD

PCDAI 78 57.66 55 52–85 6.65  9.39 5 0–62.5 14.36 < 0.001

SES-CD 61 14.51 12 1–39 9.9  5.32 3 0–32  7.24 < 0.001

BMI (kg/m2) 78 17.37 17.05 13.0–30.5 2.91 19.23 20.05 15.80–33.12  2.37 0.008

x – mean; SD – standard deviation.

Table 8. Adverse events in children with Crohn’s disease treated with infliximab

Adverse symptoms
Only induction therapy 

(36 children)
Induction and maintenance 

therapy (117 children) Total (153 children)

n % n % n %

Anaphylactic shock 3 8.33 3 2.56 6 3.92

Generalized rush 1 0.85 1 0.65

EBV infection activation 1 0.85 1 0.65

Increase of blood pressure and tachycardia 1 0.85 1 0.65

Total 3 8.33 6 5.13 9 5.88
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Crohn’s disease was most frequently diagnosed in children 
over 10 years of age (77.83%). Children under 5 years of age 
accounted for 4.52%, and aged 6–10 years for 17.65% (39) 
of all respondents. More boys were sick compared to girls 
(53.39% vs 46.60%). These results are consistent with what 
other authors have reported.1,20

5-ASA preparations, glucocorticoids, immunomodula-
tors, nutritional therapy, antibiotics, anti-TNF-α prepara-
tions and surgical treatment are used in Crohn’s disease 
treatment. These are non-specific anti-inflammatory 
drugs. They inhibit the formation and the release of in-
flammatory mediators, reduce the number of cells and in-
hibit the activity of a body’s defense cells. Corticosteroids 
are characterized by rapid onset of action and the induc-
tion of clinical remission. In mild-to-moderate activity of 
pediatric Crohn’s disease with the ileocaecal location to 
induce remission, topical budesonide, rather than system-
ic glucocorticosteroids treatment, can be administered. 
However, corticosteroids should not be used in therapy 
that maintains disease induction, because they do not 
lead to mucosal healing. Azathioprine, 6-mercaptopu-
rine and methotrexate are important drugs maintaining 
disease remission. Preparations of 5-ASA should be used 
only in patients with a very mild form of Crohn’s disease.20 
Methotrexate is recommended in maintenance treatment 
of children with a severe course of disease with unfavor-
able prognostic factors following unsuccessful thiopurine 
therapy.20

Recently, the main goals of treatment have changed. 
Currently, the primary objective of treatment is not only 
clinical remission, improved nutrition, growth and quality 
of life, but above all, induction of mucosal healing, i.e. deep 
mucosal remission (DR-deep remission).20 These results 
can be achieved with the total enteral nutrition (exclu-
sive enteral nutrition – EEN) for the period of 6–8 weeks, 
with thiopurines or biological therapy.20 Different types of 
the treatment mentioned above have been administered 
to children. Due to the relapse of disease or the lack of 
improvement after the treatment and the severe active 
course of the disease, children with the PCDAI scale ac-
tivity exceeding 50 pts. were included in the biological 
therapy with infliximab. Infliximab is the first biological 
drug approved by the US Food and Drug Administration 
(FDA), and then it got approval in Europe and Poland for 
the treatment of Crohn’s disease and ulcerative colitis.  
Infliximab is an IgG1 monoclonal antibody directed 
against tumor necrosis factor (TNF-α-Tumor Necro-
sis Factor). It is a human-mouse chimeric antibody with 
high affinity to both soluble and trans-epithelial form of 
TNF-α. Infliximab has been approved in Poland for the 
treatment of severe active form of pediatric Crohn’s dis-
ease (PCDAI > 50 pts.) in patients aged 6–17 years, not 
subjected to typical treatment, or after the presence of 
contraindications or intolerance symptoms or resistance 
to used medications.12 As this study has shown, infliximab 
was also, following the consent of the regional Bioethics 

Committees, used in the youngest children with severe 
course of disease despite registration recommendations.

Many studies have demonstrated the efficacy of biological 
therapy, thiopurines, nutritional therapy both in the induc-
tion and in maintaining remission, and in the mucosal heal-
ing.2,4,5,7,9,10,13,16,17,22 D’Haens et al.17 have reported that treat-
ment with infliximab and azathioprine is more effective in 
inducing mucosal remission compared to glucocorticoid.17 
Another study has proven that treatment with infliximab 
in combination with azathioprine is much more effective 
compared to treatment with azathioprine only, and patients 
with the mucosal healing required fewer hospitalizations 
and surgical treatment.2,16,20 Treatment with infliximab in 
the induction and in maintaining remission has been ef-
fective. Height gain and the possibility to reduce cortico-
steroids doses could be observed in patients. In  the 54th 

week of treatment infliximab was more effective at a dose 
of 5 mg/kg every 8 weeks than every 12 weeks. Hyams et al. 
confirmed the efficacy of infliximab treatment in the course 
of a 3-year follow-up.10 Withdrawal of glucocorticoids was 
possible in most children. Ruemmele et al. in their studies 
confirmed clinical efficacy, tolerability and the safety of in-
fliximab.19 They achieved clinical remission in 83% of chil-
dren using intravenous infusions every 8  weeks. Kierkuś 
et al. have demonstrated the efficacy of infliximab in clinical 
remission and mucosal healing in children. Assessing re-
sults of induction therapy with infliximab in 66 children in 
the 10th week of the treatment, the authors have achieved 
clinical remission in 33%, clinical response in 39%, and mu-
cosal healing in 22.7%. Only 28% children did not respond 
to treatment with infliximab. In another study, the authors 
have analyzed results of treatment with infliximab main-
taining the clinical remission with or without azathioprine. 
They have not obtained statistically significant differences 
in maintenance treatment between the two groups of sick 
children.14

These results are comparable to the results from other 
studies. Following one year of infliximab therapy, the au-
thors received clinical remission in 75.21% of children, 
and endoscopic remission in 39.68% of children. More-
over, the nutritional status of children has improved and 
statistically significant weight gain has been reported fol-
lowing one year of therapy with infliximab. Infliximab 
was generally well tolerated. Side effects such as anaphy-
laxis, urticaria, and activation of EBV infection appeared 
in 5.88% of children. In the remaining children, the drug 
was well tolerated.

Despite prior ineffective immunosuppressive therapy, 
the authors proved the efficacy of induction therapy and 
the infliximab therapy maintaining remission of the dis-
ease in the treatment of severe pediatric Crohn’s disease. 
Apart from clinical remission of disease, the authors have 
reported mucosal healing, improvement in nutritional 
status, and, thus, better quality of life of pediatric patients. 
Infliximab was safe and well tolerated in the majority of 
them.
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Abstract
Background. Pediatric ulcerative colitis (UC) is a severe disease characterised by the presence of extensive 
inflammatory lesions in the colon. The administration of intravenous corticosteroids is recommended in pa-
tients with acute relapse of the disease, whereas early treatment with cyclosporine, tacrolimus or infliximab 
is recommended if there is no improvement.

Objectives. The aim of this study was to retrospectively evaluate the efficacy and safety of infliximab 
therapy in the treatment of moderate-to-severe and severe relapse of pediatric UC.

Material and methods. The analysis included 42 children aged 4–18 years (23 girls, 19 boys) treated 
in 7 pediatric gastroenterology departments in Poland during the past 4 years. The disease duration ranged 
from 2 to 100 months. The clinical activity of UC ranged from 35 to 85 points according to the PUCAI scale. 
Twenty-one children were diagnosed with pancolitis, 10 children with extensive UC, and the remaining 
with the left-sided UC. In the induction therapy infliximab was administered at doses of 5 mg/kg in the 0.2 
and 6 weeks, and after the clinical response every 8 weeks to 12 months. Treatment results were assessed 
in 10 and 54 weeks.

Results. After the induction therapy the clinical response was achieved in 14 children (33.33%) and clinical 
remission in 11 children (26.19%). Two children required surgical treatment, and the remaining 2 suffered 
from anaphylactic shock. After the maintenance therapy clinical remission was maintained in 12 children 
(57.14%), whereas 3 children required surgery (colectomy).

Conclusions. Infliximab therapy in children with moderate-to-severe UC induces remission and, in some 
children, proves to be effective in preventing early colectomy.
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Ulcerative colitis (UC) is a chronic, non-specific inflam-
matory bowel disease of unknown etiology. Disease etio-
pathogenesis involves genetic, environmental and immu-
nological factors. The impaired interaction between these 
factors results in the excessive production of inflamma-
tory cytokines, including tumor necrosis factor-α (TNF-
alpha). Rectal bleeding, bloody diarrhea, abdominal pain 
and weight loss dominate the clinical picture of this dis-
ease. Laboratory studies confirmed elevated calprotectin 
concentrations, accelerated erythrocyte sedimentation 
reaction, elevated concentration of C-reactive protein, 
anemia and other biochemical disorders. The  course of 
the disease is chronic, with periods of exacerbations and 
remissions. Clinical studies highlight the differences of 
the activity and the extent of lesions in the large intes-
tine in children and adults. Children present more acute 
course of UC, and even at the disease onset inflamma-
tory lesions in the mucous membrane involve the entire 
colon.1–5 It should be emphasized that the severe relapse 
of the disease in children poses a risk of serious complica-
tions like the gastrointestinal perforation, toxic megaco-
lon (megacolon toxicum), and infectious complications.6–9

UC treatment depends on the disease activity and the en-
doscopic assessment of the extent of inflammatory lesions. 
Turner et al.in 2007 proposed to assess the severity of re-
lapses in children on the basis of the non-invasive point 
scale based on the disease symptoms (Pediatric Ulcerative 
Colitis Activity Index – PUCAI).10 The treatment includes 
glucocorticoids, 5-ASA preparations, immunomodulators, 
antibiotics, and surgical treatment. The administration of 
biological drugs was introduced in patients who had not 
responded to conventional therapies.7,9,11,12 Monoclonal 
antibodies targeting TNF-alpha: infliximab, adalimubab, 
and golimubab have been approved by the US Food and 
Drug Administration for the treatment of UC in adults. 
Infliximab has also been registered in the EU for the treat-
ment of moderate-to-severe UC. In Poland, infliximab has 
been approved for the treatment of severe UC in adults and 
children aged 6–17 years, in patients who do not respond 
to standard therapies or those who poorly tolerate them.

Objectives
The  aim of this study was to retrospectively evaluate 

the efficacy and safety of infliximab therapy in moderate-
severe and severe relapses of pediatric UC.

Material and methods
The  analysis included 42  children aged 4–18  years 

(23 girls and 19 boys) treated in 7 regional pediatric gas-
troenterology departments in Poland, with moderate or 
severe relapses of UC. Two children were under 5 years, 
5 children 6–10 years old, other children 11–18 years old 

(Table 1). Children below 6 years of age obtained an agree-
ment from the Bioethical Committee for non-convention-
al therapy. The diagnosis of UC has been established on the 
basis of symptoms, lab test results, and endoscopic exami-
nation in accordance with the Porto criteria.13 In 6 children 
(14.29%) the disease was diagnosed between 2–5 years of 
age, in 14 patients (33.33%) between 6–10 years of age, in 
22 children (52.38%) between 11–17 years of age. The du-
ration of the disease ranged from 2 to 100  months. For  
3 children this was the first acute relapse of the disease, 
the remaining children had already had from 2 to 8 re-
lapses. Four children were diagnosed with other diseases 
such as celiac disease, diabetes, hypertension, and kidney 
stones. Parenteral symptoms such as joint pain, erythema 
nodosum, anemia, osteoporosis, and deep vein thrombo-
sis have been observed in 16 children (38.09%). One child 
suffered from pyoderma gangrenosum; the mother of one 
child was diagnosed with UC. The clinical activity of the 
disease was assessed according to PUCAI scale developed 
by Turner et  al.  with the following symptoms: abdomi-
nal pain, rectal bleeding, stool consistency, the number 
of stools, nocturnal stools, activity level.10 The  PUCAI 
score ranging from 65 to 85 points indicated the severe 
relapse of the disease, 35–64 points moderate relapse, 10–
34 points mild relapse. Scores of < 10 points indicated in-
active disease, in clinical remission.10 The location and the 
extent of large bowel lesions in children during endoscop-
ic examination were assessed based on Paris classification, 
developed by Levinea et  al. in 2011.14 According to this 
classification, ulcerative proctitis (proctitis), left-sided in-
flammation (distal to splenic flexure), extensive (distal to 
hepatic flexure), and pancolitis have been distinguished. 
The  location of inflammation based on the endoscopic 
examination has been presented in  Table 2. Twenty-one 
children (50.0%) were diagnosed with pancolitis, 10 chil-
dren (23.81%) had extensive lesions in the colon, while the 
remaining 11 children (26.29%) had left-sided location of 
the disease.

Table 1. Characteristics of children with ulcerative colitis treated with 
infliximab

Assessed parameter
Number of children

n %

Sex: male
 female

19
23

45.24
54.76

Age (years): < 5
    6–10
    11–18 

 2
 5
35

 4.77
11.90
83.33

Age at diagnosis (years): < 5
    6–10
    11–17 

 6
14
22

14.29
33.33
52.38

IBD in family:  1
(mother – UC)

 2.38

Concomitant disorders  4  9.52

Extraintestinal symptoms 16 38.09
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Before infliximab therapy, all patients were unsuccess-
fully treated with corticosteroids, 5-ASA  preparations, 
azathioprine (38  children), metotreksat (3  children), 
6-mercaptopurine (1  child), tacrolimus (1  child), and 
cyclosporine (22 children). Steroid resistance or steroid-
dependency occurred in 27 children. Infliximab was ad-
ministered by intravenous infusion at doses of 5  mg/kg  
in 0.2 and 6  weeks, and after clinical response from 
8 weeks to 12 months. The reduction of PUCAI scores by 
at least 20 points indicated clinical response, the reduc-
tion by 10 points indicated clinical remission. The results 
of UC treatment with infliximab were assessed in 10 and 
54 weeks of treatment. The evaluation of clinical activity 
of the disease after induction and maintenance therapy 
was subjected to statistical analysis using Student’s t-test 
(STATISTICA PL10).

Results
Table  3, demonstrates the results of induction inflix-

imab therapy in 42 children with ulcerative colitis. Clini-

cal response following induction therapy with infliximab 
was achieved in 14  children (33.33%), and clinical re-
mission in 11 children (26.19%). In 15 children (35.72%) 
there was no improvement after treatment with inflix-
imab, after the second dose of an intravenous injection 
of infliximab anaphylactic shock occurred in 2 patients. 
Apart from that, no other adverse events were observed 
during induction and maintenance therapy. In  2 chil-
dren a  severe condition, megacolon toxicum, required 
surgery (colectomy). Table 4 demonstrates the results of 
induction and maintenance treatment with infliximab in 
21  children. In  12  children (57.14%) clinical remission 
which lasted for 24 months was still sustained, 9 children 
suffered from exacerbations during or after treatment. 
There was no significant difference in the outcome de-
pending on the location of the disease. In 3 children a col-
ectomy was performed because it was a life-threatening 
condition for the patients. Table 5, which demonstrates 
the results of clinical disease activity assessed by PUCAI 
score, showed a statistically significant decrease in the ac-
tivity of the disease after induction therapy, as well as the 
maintenance therapy.

Table 2. Location of ulcerative colitis in 42 children treated with infliximab

Age (years)

Location of ulcerative colitis

left sided extensive pancolitis total

n % n % n % n %

< 5  0  0  2  4.77  2   4.77

6–10  2  4.77  1  2.38  2  4.77  5  11.90

11–17  9 21.43  9 21.43 17 40.76 35  83.33

Total 11 26.19 10 23.81 21 50.00 42 100.00

Table 3. The results of induction infliximab therapy in 42 children with ulcerative colitis

Clinical assessment

Location of ulcerative colitis

left sided extensive pancolitis total

n % n % n % n %

Clinical response  3  27.27  4  40.00  7  53.33 14  33.33

Clinical remission  4  36.36  2  20.00  5  23.81 11  26.19

Lack of response  3  27.27  4  40.00  8  38.10 15  35.72

Anaphylactic shock  1   9.10  0  1   4.76  2   4.76

Total 11 100.00 10 100.00 21 100.00 42 100.00

Table 4. The results of induction and maintenance infliximab therapy in 21 children with ulcerative colitis

Clinical assessment

Location of ulcerative colitis

left sided extensive pancolitis total

n % n % n % n %

Clinical remission 3  60.0 3  60.0  6  54.55 12  57.14

Exacerbants during or after treatment
Surgical treatment

2
–

 40.0 2
–

 40.0  2
 3

 18.18
 27.27

 6
 3

 28.57
 14.29

Total 5 100.0 5 100.0 11 100.0 21 100.0
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Discussion
The natural course of pediatric UC is characterized by 

its severe course and by the extensive inflammatory le-
sions in the large intestine mucosa. According to Griffiths, 
UC develops in children and adolescents in 25% of cases.1 
In children, the disease varies in its clinical activity from 
mild to severe, with multiple exacerbations. With its onset 
in early childhood, the disease is characterized by a severe 
clinical course and numerous acute relapses. Hyams et al., 
in their studies, reported that 57% of 171  children with 
newly diagnosed colitis had a moderate-to-severe form of 
the disease and the remaining children had its mild form.15 

According to van Limbergen et al., extensive inflamma-
tory changes occur in 82% of children compared to 48% of 
adults.4 In contrast, ulcerative proctitisis presents in 1.4% 
of children compared to 17% of adults, left sided colitis in 
16.4% of children compared to 35% of adults. The risk of 
severe acute relapses in adults is lower, ranging from 15% 
to 25%.4 In our study extensive inflammatory changes and 
pancolitis in 73.81% of children were observed. Only in 
26.19% of children left sided colitis was present.

UC treatment depends on the activity of its relapses. 
Corticosteroids, 5-ASA  preparations, immunomodula-
tors, and antibiotics are used in the treatment of mod-
erate-to-severe pediatric UC, and in the case of no im-
provement, surgery (colectomy) is recommended.3,7,12 
Recently, infliximab has been introduced in the treat-
ment of UC in adults and children and its effectiveness 
has been proven in the induction and maintenance of 
the clinical remission, and in reducing the use of steroids 
and surgery (colectomy).8,16–19 Cucchiara et al., in a ret-
rospective, multicenter study, confirmed the efficacy of 
infliximab in the treatment of the active pediatric UC.20 
According to the authors, 55% of the children respond-
ed clinically to the treatment. Hyams et  al.  confirmed 
the efficacy and safety of infliximab in the treatment 
of moderate-to-severe pediatric UC.21 After the induc-
tion, clinical response was induced in 73.3% of patients, 
and 28.6% of children were in clinical remission in the 
54th week. Szychta et al. in 2012 presented the results of 
the first in Poland infliximab therapy of severe pediatric 
UC.22 According to the authors, clinical response was 
achieved only in 2  patients. Meanwhile, the remaining 
patients did not respond to infliximab induction thera-
py. Four children required surgical treatment. One pa-

tient suffered from severe anaphylaxis after having been 
given the drug.

In this study, after the infliximab induction therapy, the 
authors obtained a  clinical response and clinical remis-
sion of the disease in 25 children (59.52%). Two children 
required surgical treatment. However, maintenance treat-
ment carried out in 21  children induced clinical remis-
sion in 12 of them (57.14%). Re-administration of gluco-
corticoids, cyclosporine, or adalimumab was necessary 
in other children, whereas 3  children required surgery 
(colectomy). Infliximab appeared to be generally a  safe 
drug. Anaphylactic shock occurred in 2 children after the 
administration of the second dose.

Response to treatment and clinical remission of the 
disease were reported in more than 50% of children who 
had not responded to standard treatment of moderate-to-
severe and severe UC. Therefore, in severe cases of UC, 
infliximab therapy may be an important attempt in treat-
ing UC before surgical treatment. Successful infliximab 
therapy reduces the number of hospitalized children and 
the number of early colectomies. Infliximab was safe and 
well-tolerated in most patients.
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Abstract
Background. Pilonidal disease is a common problem, especially in young adults. Therapy for the acute 
disease involves abscess incision and drainage. Treatment of the chronic disease is more complicated, due to 
the variety of methods and relatively high recurrence rate after surgical therapy.

Objectives. The aim of this study was to investigate the effects of the Dufourmentel modification of the 
Limberg flap in the treatment of pilonidal disease.

Material and methods. The study involved 37 cases of chronic pilonidal disease that were operated on 
by the method presented. The group included 34 patients with primary disease and three patients with 
recurrences after primary excision.

Results. The complication rate in the study group was 8.1%, but the complications were successfully 
treated, surgically in one patient (using the same method) and non-surgically in two other patients. There 
were also two cases of temporary numbness in the operated area. The only disadvantage of the method 
presented may be the cosmetic results, but they were not the most important factor for the patients in the 
study.

Conclusions. The authors find the Dufourmentel modification of the Limberg flap superior to other meth-
ods of treating pilonidal disease due to its flexibility, simplicity of reconstruction, repeatability and good 
outcomes in terms of the recurrence rate. These factors are extremely important to young and active patients 
who are diagnosed with pilonidal disease.
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Pilonidal disease (PD) is a  common disease of young 
adults that occurs 2 times as frequently in men as in 
women, with an incidence of nearly 25/100.000.1 A hir-
sute body habitus, a deep gluteal cleft, obesity, smoking, 
a sedentary lifestyle, a lack of hygiene and previous famil-
ial history have been suggested as predisposing factors.2 
According to the two principal theories, the disease can 
be either “congenital” (the infection arising from a con-
genital subcutaneous pilonidal sinus) or “acquired” (re-
sulting from traction on the pilous follicles in the gluteal 
cleft, especially when predisposing factors are present). 
Hair strands grow beneath the skin, leading to local in-
flammation, the foreign body reaction and infection.3

Treatment for acute PD consists of abscess incision 
and drainage. The  chronic form can be managed in 
many ways, from removal of all the infected tissue or 
only unroofing the pilonidal sinuses, leaving the wound 
open to heal by secondary intention before using plas-
tic surgery techniques such as a Karydakis flap (KF) or 
Limberg flap (LF).3 The authors of a meta-analysis of 25 
trials (2,949 patients) suggested that open radical exci-
sion and primary midline closure should be abandoned 
in favor of sinusotomy/sinectomy or en bloc resection 
with off-midline primary closure.4 The  authors of the 
present article performed radical excision with primary 
midline closure before the introduction of the Dufour-
mentel modification of the Limberg flap (DMLF), but 
the outcomes were poor, especially in patients with PD 
and laterally localized sinuses. This forced us to look 
for another method. The  problem was the closure of 
the wound under tension, which ended in early failure, 
suture-line breakdown and healing by secondary inten-
tion. Flap coverage of the defect leads to shorter healing 
times and better results in terms of postoperative pain, 
the recurrence rate and the patient’s return to everyday 
activities.5 The DMLF is a way to broaden the applica-
tion of the rhombic flap.

Material and methods
During the period from March 2013 to November 2014, 

DMLFs were performed in 37 patients with PD at the au-
thors’ center; among them were 3 patients with recurrent 
PD after simple excision in other medical centers. Dur-
ing this time all the patients with PD who were operated 
on by the authors were qualified for DMLFs. The exclu-
sion criteria for DMLFs were active inflammation in the  
operated area, which qualified patients only for unroofing 
and drainage. Patients with chronic PD were qualified for 
DMLFs, especially when the sinuses wen localized later-
ally (off the midline). The patients included 35 men and 
2 women, with a median age of 24 years (range = 17–36  
years) (Table 1).

Before the incision, methylene blue was injected into 
the opening of each sinus and the lines of incision were 

drawn with a sterile surgical pen and ruler. The flap was 
formed as described by Park and Little: “To design the 
flap, two lines are created. The first line is an extension 
of the short diagonal of the defect, and the second is an 
extension of one side of the defect. The  angle created 
by these two lines is bisected by a  third line to create 
the first side of the flap, which is equal in length to the 
sides of the defect. The second side of the flap is drawn 
parallel to the long diagonal of the defect and is also of 
equal length to the defect’s sides”6 (Fig.  1). During the 
procedure it is of the utmost importance to remove all 
the infected tissue, leaving healthy margins around the 

sinus (dye is very helpful for this) and to achieve effec-
tive hemostasis with electro-cauterization (Fig.  2). Re-
sorbable 3-0 polyglactin sutures were used for closure 
of the subcutaneous tissue and non-resorbable inter-
rupted 3-0 sutures were used for skin closure. Redon’s 
suction drainage from a separate incision was left in the 
wound bed. The median hospital stay was 5 days (range: 
4–6 days). The drain was removed after the volume of 
drainage was < 20 mL, usually on the third postoperative 
day. The  patients were given 1 g of second-generation 
cephalosporin preoperatively, and amoxicillin-clavulan-
ic acid therapy was continued for 5 days. The  stitches 
were removed after 12–14 days (Fig. 3).

Table 1. Principal characteristics of the study group

Men/Women 35/2

Mean age (years) 24 (17–36)

Mean hospital stay (days) 5 (4–6)

Wound complications:
• wound dehiscence (%)
• necrosis of the flap (%)
• temporary discharge (%)
• recurrence (%)
• temporary numbness (%)
• dissatisfaction with the cosmetic results (%)

0
0

5.4 (2)
2.7 (1)
5.4 (2)
5.4 (2)

Fig. 1. The Dufourmentel modification of the Limberg flap: A schematic 
diagram of the lines of incision. The rhombic excision has to be adjusted to 
the exact extent of pilonidal disease; the resection area is very flexible
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Results
Temporary discharge from the wound was observed in 

2 patients (5.4%). The discharge was observed in 1 patient 
who did not pay attention to the hygiene of the operated 
area; it appeared 10  days postoperatively and lasted for 
14 days. The other patient with discharge had type 2 dia-
betes and was being operated on for a recurrence of PD; 
the discharge appeared 30 days postoperatively and lasted 
for 21 days. In these 2 patients conservative therapy in the 
form of local wound hygiene and irrigation with hyper-
tonic saline was all that was needed.

A  recurrence of PD was observed in 1 patient (2.7%) 
61 days postoperatively. This was the first patient the au-
thors had treated with a  DMLF and the only patient in 
the study group who needed a reoperation (the learning 
curve no doubt came into play). The  second operation 
gave the patient a wider DMLF, which proved successful.

There were also two cases of temporary numbness in 
the operated area (5.4%). No wound dehiscence or ne-
crosis of the flap was observed. In  other patients the 
postoperative course was uneventful. The  patients were 
monitored on postoperative day 12–14, when the stitches 
were removed and the patients were advised to contact 
the department if any problems occurred (the department 
is open 24 h a day, 7 days a week, and patients can contact 
doctors whenever any postoperative complications occur, 
which the authors consider better than strictly defined 
consultation hours).

Discussion
The DMLF permits the repair of rhombus-shaped de-

fects with any combination of internal angles, in contrast 
to the Limberg flap, with angles limited to 60º and 120º. 
The DMLF is a very flexible and patient-tailored treat-
ment, and defects that are more “square” are excised 
with less normal tissue sacrificed. It has the advantage of 
a smaller area of pivot, thus creating a smaller standing 
cutaneous deformity.6 For the surgeon performing the 
operation for PD, the most important elements contrib-
uting to a successful outcome are: 1) the removal of all 
sinuses, pits and potentially infectious areas; 2) cover-
ing the defect with healthy and well vascularized tissue 
in a  tension-free manner; and 3) prevention of recur-
rence. All of these goals can be well accomplished by the 
DMLF. The  only disadvantages of this method are the 
cosmetic results, which may not be very appealing. But 
considering the location of the disease, wound healing 
by primary intention and an early return to full activity, 
in the authors’ opinion cosmetic factors are not the most 
important issue, and the advantages should outweigh an 
unfavorable cosmetic outcome.7 In  a  study by Altinto-
prak et al., the rate of dissatisfaction with the cosmetic 
results of the DMLF was 12.6%.8 In  the present study 
group two patients (5.4%) were dissatisfied with the cos-
metic results of the operation, but the most important 
factor for all the patients was healing by first intention 
and a quick return to normal activity (probably especial-
ly because the patients were young).

Due to its chronic course, discharge and abscess forma-
tion, PD may lead to depression, anxiety, low self-esteem 
and absences from school and work.9 During treatment 
it is important to think about the active population that 
is most affected by PD, and to tailor the treatment meth-
od to the individual patient.4 In the authors’ opinion, the 
only limitation of the DMLF is in PD that is very long (for 
example when the sinuses are located very low, close to 
the anus, or the abscess hole is high in the midline on the 
back), in which case another surgical method, such as KF 
or tandem rhomboid flaps, would be preferable.10 In this 
clinical situation, the DMLF would result in a very large 
wound with unnecessary removal of large areas of healthy 

Fig. 2. Radical excision of the infected tissue en bloc is the most important 
part of the procedure

Fig. 3. Healing by primary intention on the 12th postoperative day
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tissue, more probable postoperative complications and 
poor cosmetic results.

In  other situations, especially when the abscess holes 
and infected tissue are located laterally to the midline, the 
DMLF should be the preferred method (Fig.  4). Milone 
et al. evaluated 1006 patients with PD in whom complete 
excision and midline closure was achieved. They found 
that a  previous history of PD surgery and an increased 
distance (> 2 cm) of the lateral orifices from the midline 
were independent predictors of postoperative complica-
tions (infection and/or recurrence). They suggested off-
midline surgery in these situations.11

Alptekin et  al. found that the volume of the excised 
specimen in PD procedures correlates with surgical site 
infection. Due to the wide en bloc excision in the DMLF, 
it is advisable to use an empiric broad-spectrum antibi-
otic (extended post-discharge) as a preventive measure.12 
There is a lack of strong data that would support the rou-
tine use of drainage in all patients; the decision should be 
based on patient-, surgery- and disease-related factors.13

Some authors find the removal of the infected tissue 
the easiest part of the procedure, but in the present au-
thors’ view it is the most important and the most dif-
ficult part, because if it is not performed meticulously 
and carefully, it can be the cause of recurrence.4 Usually 
the lowest part of the PD area is located on the midline 
and this region has to be very carefully excised, so any 
methods that shift the rhombic excision to the side may 
be end up leaving some infected tissue behind, leading to 

a recurrence.2,14 Reconstruction is not very difficult and 
enables tension-free closure of the defect with flattening 
of the natal cleft2 (Fig. 5). One modification of this meth-
od may be a  symmetrically rotated rhomboid excision, 
especially when the inflamed tissue is located laterally 
to the midline.14

In a review of 10,000 patients and 74 studies, Petersen 
et al. found that off-midline closure are superior to mid-
line closure in terms of suture line breakdown and dehis-
cence (3–5 vs 9%) and recurrence (1–3 vs 9.5%). Better 
results were observed in the Limberg and Dufourmentel 
group in comparison to the midline-closure group (which 
the authors of the current study used before the introduc-
tion of the DMLF). Infection was observed in 2.6% of the 
Limberg and Dufourmentel group vs 12.4% of the mid-
line-closure group; the early failure rate was in 3.4 vs 8.9%, 
respectively; and the recurrence rate was 1.5 vs 9.4% re-
spectively. These differences were statistically significant 
p < 0.001.15

Lieto et al. performed DMLFs in 310 patients, among 
whom 55 had recurrent sinuses. All the operations were 
uneventful; no flap necrosis occurred, wound complica-
tions were experienced by 33  patients (10.6%), and re-
currence was observed in 7 patients (2.3%). The authors 
recommend the DMLF as a  method with excellent re-
sults in first- and second-line management of pilonidal 
disease.16

The  authors recommend the DMLF as the most ap-
propriate method in the treatment of PD due to its flex-
ibility, repeatability, clear and predictable closure of the 
defect and low recurrence rate. It is highly satisfying to 
see young patients returning to their normal work and 
sport activities, and that should be the main goal of PD 
treatment.

Fig. 4. A laterally located abscess hole is a classic indication for the 
Dufourmentel modification of the Limberg flap

Fig. 5. Tension-free closure of the defect
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Abstract
Background. Standard anthropometric methods applied to measurements of the skull differentials are 
laden with mistakes stemming from the way the measuring devices are built and from a lack of experience 
on the part of the researchers. To increase objectivity, digital imaging measurements via computer systems 
were introduced.

Objectives. The aim of this research was to assess the asymmetry of the male and female orbit with the 
application of the new graphic methods: raster graphics and vector graphics.

Material and methods. The examination was conducted on 184 well-preserved skulls. The photos were 
taken by a digital camera with high definition. Orbit asymmetry was examined by determining the distance 
between the centers of gravity of both orbits and the frontal median line d1 and d2. Then angles α and 
β were appointed. They are defined as angles between the line that runs through craniometrical points mf 
and ek on the right side (angle α) and on the left side (angle β), and the frontal median line at their crossing 
point. Distances r2 and r1, which are allocated points between the frontal median lines (LPP), were also set.

Results. Angles α and β were also analyzed while comparing the skulls of both genders. Statistically sig-
nificant differences were only observed in male skulls. However, differences for both genders were noted in 
parameters d1 and d2. No statistically significant differences were discovered between men and women for 
parameters r1 and r2. The groups of women and men were merged, being treated as a population; which 
resulted in the conclusion that there are no statistically significant differences between these parameters.

Conclusions. The skull’s asymmetry connected to gender and the asymmetry of the right and left sides 
of examined craniums can be used in criminal examinations as well as in facial reconstructive surgeries.
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All vertebrates, including humans, are bilaterally sym-
metrical. The  medial sagittal plane divides the human 
body into two symmetrical halves; the right and left (anti-
meres). In the early stages of ontogenesis, along with sym-
metrical differentiation, asymmetry gradually developed. 
Therefore, despite the general rules of symmetry, one may 
note the typical asymmetry of the human body. Asymme-
try should be a topic of further studies because, as its in-
tensity varies, some systematic traits prevail.1

Standard anthropometric methods applied to measure-
ments of the skull differentials are laden with mistakes 
stemming from the way the measuring devices are built 
and the lack of experience of researchers. To increase ob-
jectivity, digital imaging measurements via computer sys-
tems have been introduced. A digital image analysis of the 
upper craniofacial massif (UMC) combines several com-
puter graphic techniques, and has been acknowledged 
as a  more accurate and reliable measurement method.2 
A  decision was made to develop a  software program 
based on the two new methods of raster graphics and vec-
tor graphics. These methods would enable researchers to 
perform more accurate and repeatable measurements of 
UMC size and shape with emphasis on the quality and 
quantity of the orbits.

The purpose of conducting this research was to assess 
the asymmetry of the male and female orbit with the ap-
plication of the new graphic methods: raster graphics and 
vector graphics.

Material and methods
The examination was conducted on 184 well-preserved 

skulls from the Middle Ages (10th to 13th cent.) found at 
archeological digs in Kije and Złota Pińczowska, Poland, 
and made available by the Historical Anthropology De-
partment of the Archeology Institute at the University 
of Warsaw. The above-mentioned archeological dig was 
described in a monograph by M. Zoll-Adamkowa.3 Only 
mature and adult skulls preserved as calvaria, or whole 
skulls without the mandible, were examined. The  skull 
age group was assessed based on their dentition and 
suture consolidation, which ranged from 20 to 55, with 
a 5-year margin of error. The skulls were divided by gen-
der, male (105) and female (79). A steady location of the 
skull was achieved by placing it in a  craniophore. This 
work involves the use of the Mollison’s craniophore, with 
modifications.

In comparison with regular craniophores, the modified 
craniophore is built with 3 stands equipped at the top with 
screwed handles which the skulls are placed into. Two of 
the 3 screws hold the skull from the sides, and one screw 
is located in the sub-occipital region. The  handles can 
be regulated to any given distance horizontally. To place 
the skull in the Frankfurt line, the craniophore is also 
equipped with a block containing a pointer that moves in 

the horizontal and vertical planes, allowing allocating the 
bottom verge of the orbit. The Frankfurt plane is allocated 
by horizontal lines running on the skull’s lateral surface, 
from the bottom contour of both orbits to the upper con-
tour of the acoustic external foramen. The Frankfurt line 
also runs through the bottom edge of the left orbit and 
the upper edge of the external acoustic meatus. In order 
to recurrently place all analyzed skulls in the frontal view 
(norma frontalis) the skulls were suspended with the up-
per verge of the metal spigot lodged in the external acous-
tic meatus, which was established as the upper edge of 
the orbit. On the skulls, the frontal view bregma point 
(b) was marked, which is necessary for further studies. 
Point b is located where the coronal suture meets the sag-
ittal suture.4 Frontal photos of the skulls were taken from 
a distance of 50 cm. The frontal plane was parallel to the 
camera’s objective.

The photos were taken by a digital camera with a high 
definition matrix of 2272 × 1704, and were saved in BMP 
format. Digital UMC images were analyzed using Digital 
Image Cranio-Analyzer (DICA) 2.0, which is an original 
program developed by the Department of Human Anato-
my at the Medical University of Silesia.5 Orbit asymmetry 
was examined by determining the distance between the 
centers of gravity of both orbits and the frontal median 
line d1 and d2. Then angles α and β were appointed. They 
are defined as angles between the line that runs through 
craniometric points mf and ek on the right side (angle α) 
and on the left side (angle β), and the frontal median line 
at their crossing point. Distances r2 and r1, which are al-
located points between the frontal median lines (LPP), 
were also set (Fig. 1).

Statistical analysis

1. All of the craniometric measurement values consid-
ered are given in mm, the angles in degrees and surface 
area is expressed in square mm2. At the beginning of the 
statistical analysis, descriptive statistics were enumerated 
such as arithmetic averages and standard deviations for 
each attribute in the male and female skulls. The results 
in the tables are given in the form of arithmetic averag-
es ± SD.

2. To assess the differences between various groups in 
arithmetic averages, a t-Student test was used.

3. The  Kolmogorov-Smirnov test was used to ensure 
the compatibility of empirical examined variable distri-
butions, with normal distribution separated in groups of 
male and female skulls.

4. Variance’s homogeneity was estimated by Levene’s 
test. If  the condition of variance’s homogeneity was not 
met, the Cochran-Cox test was used.6 When the data did 
not demonstrate a normal distribution, the Mann-Whit-
ney U test was used.

5. The association between the examined features was 
checked by using the Pearson’s Quotient Significance 



Adv Clin Exp Med. 2017;26(1):69–76 71

Correlation Test.7 Correlations were also presented by 
Terentyev’s Pleiades.8

6. Descriptive statistics, parametric and non-para-
metric tests for differences in averages and correlation 
analysis were performed using the SAS Learning Edition 
2.0 program (SAS) and package R, and the analysis of 
the main components along with a graphic result depic-
tion was performed using the CANOCO 4.5 trial version 
(CANOCO). Linear regression graphs were produced us-
ing STATISTICA 6.0 PL (StatSoft, Poland).

Results

Orbit asymmetry in male  
and female skulls

Angles α  and β  were analyzed while comparing the 
skulls of both genders. Statistically significant differences 
were only observed in male skulls. Parameters d1, d2, r1, 
and r2 were larger in male skulls. No differences between 
angle α and β were noted. However, differences for both 
genders were noted in parameters d1 and d2. Since no sta-
tistically significant differences were discovered between 
men and women for parameters r1 and r2, the group of 
women and men were merged, treating it as a population. 
This resulted in the conclusion that there are no statis-
tically significant differences between these parameters 
(p = 1.0) (Table 1)

Orbit asymmetry was examined by measuring the dis-
tance from the orbit’s center of gravity to the line running 

through points n and pr, the angles contained between the 
lines running through points mk, ek, n and pr, as well as 
the distance between the points that are adjacent to the 
skull’s frontal median line that crosses with points mf 
and ek.

The  analysis of male skull asymmetry demonstrated 
a  positive, statistically-significant correlation (r  =  0.76, 
p  <  0.01) between parameters d2 and d1. Identical pat-
terns were demonstrated for the same parameters in the 
group of female skulls (r = 0.77, p < 0.01).

The correlation between r1 and angle α was negative in 
both female and male skulls. Pearson’s quotient for this 
analysis equaled –0.56, p  <  0.01 for females and –0.57, 
p < 0.01 for males (Fig. 2). While analyzing r2 parameters 
with angle β, a negative correlation was found (r = –0.55, 
p < 0.01) in the group of male skulls (Table 2, 3).

Comparing the skulls of both genders by Pleiades corre-
lation has shown an additional correlation between vari-
ables angle β and d2, as well as between parameters r1 and 
r2 (Fig. 3).

Table 1. Comparison of parameters measurements associated with male 
and female skull asymmetry: ♂ – male skulls, ♀ – female skulls. Additional 
parameters include: X – arithmetic average, SD – standard deviation, 
p – importance level

Parameters Sex X p

angle α [°] vs angle β [°] ♂
♀

80.15
80.59

78.93
80.08

0.047
0.809*

d1 [mm] vs d2 [mm] ♂
♀

31.63
30.83

30.45
29.25

0.001
0.001

r1 [mm] vs r2 [mm] ♂
♀

 7.47
 6.59

 8.02
 7.10

0.122*
0.296*

Fig. 1. Orbit’s asymmetry measurement diagram

Fig. 2. Dispersion graph and regression curve for the angle Fontaine 
between a line running through points mf and ek of the right orbit and 
median line (angle α) and for the distance from point LTa to point LTc (r1) 
in male skulls (r = –0.57, y = 27.962 – 0.2556*x), p < 0.05
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Discussion
The  issue of asymmetry in the human body has been 

a  topic of interest in the field of science for a  long time. 
The  human body is built on a  bilateral symmetry plan. 
Asymmetry refers to not only the external characteristics 
of the human body, which is visible in the mirror and of 
the structure of bones and muscles, and even the central 
nervous system. In  a  complicated structure such as the 
skull, perfect symmetry does not exist. Facial asymmetry 
is a proof of the fact that the face is expressive, more so on 
the left side.9 In Smith’s thesis, face asymmetry was studied 
in a group of men and women. To this end, photographs 
of faces were digitally analyzed by the CANVAS program, 
which measures the surface of the face. A perpendicular 
line to halve the distance between the centers of the pupil 
line was set, thus defining the right and left side of the face; 
then both areas were measured. Highly significant statisti-
cal correlations between males and females were proven 

for both the right and left side of the face (r = 0.99). In the 
group consisting of females, the area of the right side of the 
face (3.16 cm2) was bigger than the left side (2.93 cm2).10 
From the research we conducted, the width of the right 
side of the face in females (set by the distance between 
the nasion point and anthropometric zygomaxillare and 
frontomalare orbital points, and between subspinale and 
zygomaxillare points) was also greater. Similarly, the pa-
rameters describing the width of the right side of the face 
in males were also greater, contrarily to Smith’s results.

Asymmetry of the face can be connected to asymmetry 
of the brain. Those affiliations result from neurological 
control of the right and left side of the face by two brain 
hemispheres. The left hemisphere controls the right side 
of the face, while the left side of the face is governed by 
the right hemisphere. On top of that, variations in activ-
ity in brain hemispheres can influence both sides of the 
face. Gender related differences are also visible from an 
early age, and can last for the lifespan of the individual.11 

Table 3. Parameter’s correlation specifying orbit asymmetry in female skulls

Angle α [°] Angle β [°] d1 [mm] d2 [mm] r1 [mm] r2 [mm]

Angle α [°]  1.00      

Angle β [°]  0.37  1.00     

d1 [mm]  0.10  0.07 1.00    

d2 [mm]  0.14  0.09 0.77 1.00   

r1 [mm] –0.53 –0.30 0.04 0.01 1.00  

r2 [mm] –0.02 –0.32 0.13 0.16 0.28 1.00

Table 2. Parameter’s correlation specifying orbit asymmetry in male skulls

Angle α [°] Angle β [°] d1 [mm] d2 [mm] r1 [mm] r2 [mm]

Angle α [°]  1.00      

Angle β [°]  0.47  1.00     

d1 [mm]  0.04  0.15 1.00    

d2 [mm]  0.06  0.21 0.76 1.00   

r1 [mm] –0.57 –0.23 0.31 0.20 1.00  

r2 [mm] –0.16 –0.55 0.11 0.05 0.40 1.00

Fig. 3. Parameter’s correlation Pleiades specifying orbit 
asymmetry in male and female skulls



Adv Clin Exp Med. 2017;26(1):69–76 73

Spatial process hemispheres are responsible for the basic 
differences associated with gender, and are involved with 
verbal and visual cues. Hence the predominance of the 
right side of the face in females, which is controlled by 
the left hemisphere, in turn is associated with verbal pro-
cesses. Face asymmetry also stems from the extent of how 
many muscles are in the face. The active side of the face 
is wider, longer and more muscular according to Smith.10 
In Zaidel’s research, people had to assess the attractive-
ness of a woman’s face and researcher revealed that the 
right side is more attractive than the left one.

Face asymmetry analysis is performed mainly by using 
radiological imaging and CT scans which use stereopho-
togrammetric methods and 3-dimensional CTor bilateral 
comparison of craniometric points in reference to the 
frontal median line. Craniometric points on the skull in 
norma frontalis were identified by Parzianello and co-
authors with an automatic method of their detection.13–17 
They analyzed the distances between the orbits center of 
gravity and the cranium central point (centroid); which is 
located in the frontal median line. They also measured the 
angles formed between the face’s frontal median line and 
the orbits centers’ of gravity and their distance to the line.

The authors noticed a greater angle value and a greater 
distance on the left side. The techniques depicted by the 
aforementioned authors are different from the way of al-
locating the face’s asymmetry performed by the author in 
their research, where the smallest distance between the 
center of gravity and the frontal median line was mea-
sured. The research showed that the distances from the 
centers of gravity in the male and female skull population 
varied, showing greater values on the right side. It  has 
also been revealed that the angles between a line leading 
through points mf and ek of the right orbit and lines con-
necting points n and pr were similar in male and female 
skulls. In male skulls, differences between the right and 
left side were observed. All other parameters indicated 
statistically significant differences connected to gender.

Several types of asymmetry exist. Some kinds of skull 
asymmetry can be the result of trauma or a development 
disorder. This kind of asymmetry is not the topic of dis-
cussion in this dissertation. Asymmetries also stem from 
the laterality of the human body, mainly the skull’s later-
ality. The  term laterality, also known as the dominance 
of brain hemispheres, involves the preferential usage or 
overriding function of one body part. In  1858, Jackson 
suggested the term “dominant hemisphere”.18 In terms of 
functionality, both hemispheres control basic body move-
ments and sensations contralaterally. Such basic body 
movements and sensation administration resulted in the 
left hemisphere controlling the right side of the body, and 
the right hemisphere controlling the left side.

It has been proven that lateralization is a natural effect 
of the functional specialization of this organ.19,20 Func-
tional asymmetry is a  manifestation of the dominance 
of one of the brain hemispheres. The  dominance mir-

rors the development of the nervous system, from simply 
symmetrical to more complex; then finally a coordinated 
and specialized system of symmetry. One of the most im-
portant manifestations of the dominance of hemispheres 
is the so-called “hand preference” (handedness). As it 
is commonly known, most people use their right hand.  
According to Corballis, the degree to which a hemisphere 
is dominant is a  functional property, and it intellectu-
ally separates humans from higher primates and other 
 mammals.21

Authors Dayi et al. propounded that certain functional 
features of the brain, such as handedness and cognition, 
may be linked to the skull’s morphology (the skull’s width 
on the right and left side).22 Some authors argue the size 
of the brain is connected to tooth development, and thus 
is a connection between the development of the skull and 
the brain’s cognition and motor function.23 As an example 
of the connections between the skull’s structure and the 
brain’s functions, the authors used people with Downs 
Syndrome as an example. Patients with underdeveloped 
brain also have an underdeveloped skull, especially the 
maxilla.

In addition, Blaschke et al. argue that the relationship 
between brain and skull morphology is genetically deter-
mined, and they identified human homeobox gene, SHOT, 
which is involved in the development of the skull, brain, 
heart, limbs, and other additional structures.24 The  au-
thors, who demonstrated the link between the width of 
the skull and functional features of the brain, examined 
24 men and 29 women from the ages of 19–22.

In the examined group, handedness was determined by 
Oldfield’s questionnaire; which is used to assess lateral-
ity. Based on the results, men and women were classified 
into groups of dextral and sinistral. Perceptive-motoric 
integration was assessed using the PMT test (Peg Moving 
Task). The width of the skull was measured on cephalo-
metric radiographs performed using the X-ray technique 
in the norma frontalis position, which is performed by 
measuring the distance between the zygion points in the 
orbitomeatal line. The width of the face on both the left 
and the right side, and the differences between the right 
and the left (R-L) sides of the skull were measured in rela-
tion to the median frontal line. Multidimensional analysis 
demonstrated that gender and handedness are important 
factors influencing the widths of both right and left sides 
of the face. Gender-handedness interaction was statisti-
cally irrelevant.

It has been proven that the skull’s width on both sides 
was greater in men than in women, which is statistical-
ly significant. However, the width of the left side of the 
face, regardless of sex, was statistically greater in dextral 
than sinistral people. The face’s R-L differences were sig-
nificantly greater only in sinistral people. The face’s sym-
metry in both genders has also been studied. 57.7% of 
women, in comparison to men, had bigger faces on the 
right side (R–L > 0) than on the left side (38.55 (R–L < 0). 
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52.2% of men had wider faces on the left side than on the 
right (43.5%). Still, 3.8% of woman and 4.3% of men had 
symmetrical faces (R–L = 0). It’s been noted that there is 
a tendency in female skulls for the face’s right side to be 
wider, whereas in men, the left side is wider.

A correlation was found between the differences in the 
width of the left and right side of the face, and the face’s 
width in dextral and sinistral. No differences have been 
noted between the width of the face on the right and the 
R–L difference. However, a  correlation has been noted 
between the R–L width’s differences. In dextral women, 
a difference in R–L width was noticed which correlated 
significantly only with the width of the left side. In dex-
tral men, a correlation between the face’s R–L difference 
and the width of the face’s right side was established. Vi-
sual-motoric abilities were evaluated using the PMT test. 
The link between the left and right side of the face, and 
the R–L width was examined.

In sinistral men, the left hand’s abilities have been prov-
en to increase with decreasing advantage of the left side 
of the face and increasing advantage of the right side. Ad-
ditionally, it has been proven that a wider face on the right 
side correlates with L–R PMT in sinistral. In dextral, the 
right hand’s abilities increased with the decreasing advan-
tage of the left side of the face and with the increasing 
advantage of the right side. Greater facial width on the 
right side and usage of the right brain hemisphere in visu-
al-motoric abilities are very important for both the faces 
asymmetry and handedness.

One of the asymmetry types is morphologic asymme-
try. Morphologic asymmetry usually presents itself in 
domination of the left side of the cranium. Asymmetry 
in the cranial region can have a quantitative and qualita-
tive aspect. In fetuses and newborns, cranial asymmetry 
is not prominent. Craniostenosis is a deformation in the 
symmetry of a child’s skull. Craniostenosis occurs when 
the cranial sutures ossify before birth or during the first 
months of life. Accretion of even one of the sutures causes 
the brain to grow in a direction free of oppression, which 
in turn causes cranial and facial deformations. Some cases 
of craniostenosis are a result of genetic abnormalities.

The etiology of most craniostenosis remains unknown. 
However, the influence of earth’s gravity on cranial form 
is known. The  deformation in a  skull can be caused by 
prolonged exposure to a gravitational acceleration vector. 
The  results of gravity’s effect can cause brachycephaly, 
or flattening of the postern part of the skull. The  pos-
tern plagiocephaly proposed by Lee, et al. examined the 
skulls of children with plagiocephaly. Cranial asymmetry 
measurements were performed immediately after cranio-
plastic surgery.25 Five years after surgery, the asymmetry 
was evaluated through measurements of the fornix of the 
skull. The depth between the orbital and tragus points of 
the skull, as well as the base of the cranium, was evalu-
ated. What was noted were the parameters describing the 
base of the skull and the progression of asymmetry.

The progression of plagiocephaly can be evaluated by 
examining cranial asymmetry, which is performed by cal-
culating the cranial indicator as width divided by length of 
the skull expressed in percentage.26,27

Usually the measurement of cranial width is performed 
by measuring the distance between the euryon points. 
The width of the cranium is the distance between the gla-
bella point and the opisthocranion point. Euryon points 
are located most laterally on the cranium, mostly in the 
bottom occipital bone region in median plane. The  au-
thor’s research included hanging the craniums on the 
craniostat. Measuring the cranial width between zygion 
points was impossible, however the distance between 
zma points (zma-zma) was measured.

The  manifestations of cranial morphological asym-
metry escalate with age due to cranial development.28,29 
Some authors argue that age has no influence on asym-
metry of the cranium.30 During the ontogenetic develop-
ment of the skull, it is noted upon birth that the height 
of the viscerocranium equals 60% of the cranial height in 
a newborn and 40% in an adult. It can be concluded that 
in an adult, the viscerocranium has a capacity greater by 
8 times. Morphological asymmetry in the cranial region 
can cover, among others, maxillary sinuses, frontal sinus-
es and asymmetric nasal septum.31–33 Authors Wysocki 
et al. came to the conclusion that, in humans, the ratio of 
the venous foramen’s surface to the capacity of the cranial 
cavity is significantly lower than in animals.34 It has been 
noted that asymmetry characterizes the size of the venous 
foramen for the cardiac veins, and it occurs more often in 
humans than in animals.

The  size of this asymmetry in the case of the venous 
foramen in humans amounts to roughly 1.6. In  about 
8% of people, the disproportion between the surface of 
the right and left jugular foramen exceeds 200%, and it 
constitutes a contraindication to the procedure of ligat-
ing the jugular vein on this side. In the case of the right 
side’s dominance, there is a connection between the size 
of the cranial cavity and the size of the venous foramen. 
The larger the cranium size, the smaller the asymmetric 
value is. When the left side is dominant, the correlation 
is positive – the bigger the capacity of the cranium, the 
greater the size of the venous foramen. The  research 
performed constitutes proof for systematic asymmetry 
in humans. The differences in dimensions from the left 
and right sides of the viscerocranium are intensified pro-
portionally to the increase in dominance of the left brain 
hemisphere.

In proportion to the dominance of the left hemisphere 
of the brain, there are differences in the dimensions of 
the left and right hemispheres. Proportionally to this, the 
left side of the face has also enlarged its width on to the 
right side, which is usually narrower but slightly longer. 
Some authors provide examples to prove the dominance 
of the right side; and some favor the left side.35–37 Also, the 
results of this research show that a part of the examined 
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skulls showed the dominance of the right side and some 
of the left side. The values of the distance between sub-
spinal and frontomalar orbital points were the key factors 
in this. The distance between nasion and zygomaxillare 
points were congruous with the data from references and 
they attest to the difficulties in completely unequivocal 
assessment of the dominance of one of the sides. This is 
also confirmed by Woo’s research.38

Functional asymmetry is connected to the dominance 
of one of the brain hemispheres (the dominance of the 
left hemisphere is preponderant). It  manifests in func-
tional attributes. A  conjugation between morphological 
and functional asymmetry exists. It could be thought that 
from brain lateralization, facial lateralization should stem. 
Functional brain development influences physiological 
functions of the face. The face takes part in inter-human 
communication. Additionally, the viscerocranium takes 
part in the process of articulating sounds, and in humans 
it constitutes the basis of communication, such as speech. 
A  lateralized brain is handled by the eyes. In  the optic 
tract, asymmetry is also present. The optic nerve, which is 
regarded as the brain’s inset, transmits impulses through 
the optic chiasm to the occipital lobe of the brain. In this 
case, sensory asymmetry can be observed as it relies on 
the differences in sensitivity between the right and left 
eye. Usually an advantage of the right eye (RVF –  right 
visual field) and the right ear (REA – right ear advantage) 
is found.

A hypothesis has been stated that the advantage of one 
of the sides regarding the eyes arises during the develop-
ment of the viscerocranium during the fetal stage, during 
which the advantage of the auricular organ is connected 
to the fetus’s position in the final trimester of the preg-
nancy. The advantage of the right ear can cause the ad-
vantage of the left brain hemisphere in as far as speech 
and functions of language.

Hemisphere domination techniques are so-called later-
alization techniques, used before functional magnetic res-
onance imaging or PET (positron emission tomography). 
These were constructed relying on neuropsychological 
examinations. The patient identified words heard in the 
right and left ear. In 1963, Kimura noticed that patients 
with damage to the left temporal lobe achieved worse re-
sults in comparison to patients with damage in the right 
lobe.39 Using an instrument called a tachistoscope, visual 
impulses in spaces of milliseconds were presented to the 
patient. Because the optic tract is crossed, the informa-
tion is transmitted to the opposite brain hemisphere than 
the eye which received the information. By using this 
technique it has been discovered that the words which 
were presented for a short period of time in the right vi-
sual field and were processed by the left hemisphere are 
better identified than the words presented to the left vi-
sual field and processed by the right hemisphere.41 This 
technique is often used in examining patients with split-
brain. There is, however, no easy way to divide people into 

groups of ambidextrous, dextral and sinistral. Classifying 
handedness to this day causes a lot of problems. The pref-
erence of one hand influences brain hemisphere asym-
metry, most likely because in dextral and sinistral brains 
the speech centers are organized differently. Aside from 
handedness, preferences in other structures, such as the 
eyes, can be distinguished. Sometimes heterogeneous 
dominance, which presents with, for example, dominance 
of the left eye and the right hand, or a different combina-
tion, occurs. According to Luria, the higher the activity is 
organized, the more asymmetrical it becomes.41

Because humans are thinking beings, they have the 
ability to communicate through speech, and a clear domi-
nance of brain hemispheres can be observed. In  conse-
quence, the morphological asymmetry of the face can be 
quantified and observed.

Conclusion
Based on the research performed, it can be said that 

cranial asymmetry is present in both genders, however it 
is more prominent in males. Lateralization is also pres-
ent. In addition, asymmetry has been proven in both fe-
male and male skulls, stemming from higher values of the 
examined parameters of the right orbit in absolute num-
bers as well as normalized numbers. The skull’s asymme-
try connected to gender and the asymmetry of the right 
and left side of the examined craniums can be used in 
criminal examinations as well as in facial reconstructive 
surgeries.
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Abstract
Background. Lipoprotein lipase (LPL) is one of the major enzymes responsible for the hydrolysis of triglyc-
eride (TG)-rich lipoprotein. The effects of LPL polymorphisms on serum TG are inconsistent among different 
populations.

Objectives. This study aims to assess the TG serum concentration and distributions of three LPL single 
nucleotide polymorphisms (SNPs), namely D9N, HINDIII and S447X, in a nationally representative sample 
of Iranian adolescents.

Material and methods. We studied the associations between SNP genotypes and TG levels in a nation-
ally representative sample of Iranian adolescents. Genotyping was performed in 750 randomly selected 
participants. We compared the genotypes according to different TG levels.

Results. This study comprised 746 participants, with mean ± SD age of 14.6 ± 2.5 years. The distribution 
of genotypes of D9N and S447X were not significantly different according to TG levels. Regarding the HIN-
DIII polymorphism, the distribution of GG, GT, and TT genotypes were significantly different in participants 
with low, borderline-high, and elevated TG (p = 0.02, 0.03, and 0.01, respectively). The mean TG was not 
significantly different according to the genotype distribution.

Conclusions. In this study, most of the LPL gene variants were not significantly different in adolescents 
with normal and elevated TG, and the mean TG was not different in participants with various genotypes. 
As the first evidence from the pediatric population of the region of the Middle East and North Africa (MENA), 
these results might be used in international comparisons. Our findings might suggest that the high preva-
lence of hypertriglyceridemia in Iranian adolescents is more likely to be a result of lifestyle rather than 
genetic factors.

Key words: single nucleotide polymorphisms, adolescence, triglycerides, lipoprotein lipase
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Lipid disorders are major risk factors for cardiovascular 
diseases (CVDs). Epidemiological evidence indicates that 
plasma triglyceride (TG) concentration is a robust and in-
dependent CVD risk factor.1,2

Plasma TG levels are complex traits with inter-individ-
ual variations; they are mainly influenced by genetic vari-
ants.3 The  genetic determinants of severe hypertriglyc-
eridemia have yet to be determined.4 Lipoprotein lipase 
(LPL) is the major enzyme responsible for the hydrolysis 
of the TG-rich lipoprotein of circulating lipoproteins.5 
LPL has an important function in TG metabolism; LPL 
deficiency would result in hypertriglyceridemia.6–8

Several genome-wide association studies (GWAS) have 
investigated plasma TG levels.9–11 They have confirmed 
a number of genes with inter-individual variations in TG 
which were found in previous functional and/or candi-
date gene association studies. However, the association of 
these variants with hypertriglyceridemia in other popula-
tions has yet to be determined. Few post-GWAS replica-
tion studies have been conducted in various ethnic groups. 
Therefore, more studies investigating GWAS-identified 
variants are needed in diverse racial/ethnic groups.

Hypertriglyceridemia is quite prevalent in the Middle 
East and North Africa (MENA) region.12,13 National stud-
ies have documented that elevated TG is highly prevalent 
in Iranian adult and pediatric populations.14,15 As the first 
national survey in the pediatric population of MENA, the 
present investigation aims to assess the TG serum con-
centration and distributions of three LPL single nucleo-
tide polymorphisms (SNPs), specifically D9N, HINDIII 
and S447X, in a nationally representative sample of Ira-
nian adolescents.

Material and methods

Study population

This project was conducted as a  sub-study of the na-
tional survey of school student high risk behaviors, which 
was the third survey of a  nationwide school-based sur-
veillance system entitled CASPIAN-III Study. This health 
survey was conducted in 2009–2010 in 27 provinces of 
Iran.

Ethics committees and other relevant national regulato-
ry organizations approved the study. Our team obtained 
written informed consent from parents and oral assent 
from participants. The details of the data collection and 
sampling were published previously, and here we present 
these in brief.17

The  main survey included 5,528  students aged 10–18   
years who were recruited by multistage random cluster 
sampling from urban and rural areas. For the current study, 
we randomly selected 750 frozen samples (girls  =  364, 
boys = 386) stored at –70°C. As no uniform cutpoint ex-
ists to define elevated TG in the pediatric population, we 

used two definitions to categorize TG levels. As one defini-
tion, we considered the highest quartile (> 75th percentile) 
of TG in the population studied as elevated TG, and the 
rest as normal TG. As another definition, we used the cut-
points suggested by the guidelines of the National Heart, 
Lung, and Blood Institute (NHLBI) for individuals aged 
10–19 years, i.e. TG < 90 mg/dL as acceptable, 90–129 mg/
dL as borderline-high, and > 130 mg/dL as high levels, re-
spectively.18

Physical examination and biochemical 
measurements

A team of trained health care professionals and physi-
cians recorded the information and conducted the physi-
cal examination under standard protocols and by using 
calibrated instruments. Body mass index (BMI) was cal-
culated as the weight (kg) divided by the height squared 
(m2). For blood sampling, participants were invited to the 
nearest health center to the school, where fasting venous 
blood was taken and analyzed for plasma levels of glucose, 
lipid profile, and liver function tests. In each county, the 
biochemical analysis was performed in the central pro-
vincial laboratory that met the standards of the National 
Reference laboratory, a collaborating center of the World 
Health Organization in Tehran.17

Genetic studies

DNA extraction

DNA was extracted from peripheral blood by a QIAamp 
DNA Blood Mini kit (Qiagen, Germany) according to the 
manufacturer’s protocol. Real-time PCR and high-resolu-
tion melt analysis were performed in a Corbett rotor-gene 
6000 instrument (Corbett Research Pty Ltd, Sydney, Aus-
tralia).

High resolution melt analysis

Primers were designed by Beacon Designer 7.91 (PRE-
MIER Biosoft International, USA) to flank the genomic 
regions and were synthesized by TIB MOLBIOL (Ger-
many). The primer sequences are shown in Appendix 1.

Amplicons were generated under the following condi-
tions using a  Type-it HRM kit (Qiagen, Germany): one 
cycle at 95°C for 15 min; 40 cycles at 95°C for 15 s, 60.0°C 
for 15  s, 72°C for 15  s, one cycle of 95°C for 1  s, 72°C 
for 90 s and a melt from 70 to 95°C rising at 0.1°C per s.  
The amplification mixture of a total volume of 25 μL in-
cluded 12.5 μL of HRM PCR master mix, 1.75 μL of 10 μM  
primer mix, 2 μL of genomic DNA as a template and 8.25 μL  
of RNase-free water. For each genotype reaction, we in-
cluded sequence-proven major and minor allele homo-
zygote and heterozygote controls. The  HRM analysis 
was performed by instrument software, which allows for 
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clustering of the samples into groups based on a differ-
ence plot obtained by analyzing the differences in melting 
curve shape between the known controls and samples.

Statistical analysis

Statistical analysis was performed with SPSS 20.0 (Chi-
cago, USA) with a nominal significance level of p < 0.05. 
The deviations of genotype frequencies from those pre-
dicted by the Hardy-Weinberg equation were tested by χ2 
analysis. Pairwise linkage disequilibrium for single nucle-
otide polymorphism at the same locus was determined 
using correlation coefficients as described before.19 
We used pairwise χ2 analysis, one-way analysis of variance 
(ANOVA) and Bonferroni post-hoc tests to assess the al-
lele frequency differences between TG categories.

Results
This study comprised 746 participants, with mean ± 

SD age of 14.6 ± 2.5 years. Table 1 presents the general 
characteristics (mean ± SD) of participants with normal 
or elevated TG. It  shows that the mean values of BMI 

and SGOT were higher in those with elevated TG than in 
those with normal TG levels; without significant differ-
ence in other variables. The BMI standard deviation score 
(BMI-SDS) was also significantly higher in those with el-
evated TG than in their other counterparts (0.4 vs –0.2, 
respectively, p  =  0.01). The  individuals were genotyped 
for three SNPs in the D9N, Hind III and S447X genes, 
i.e. rs1801177, rs320 and rs328. The distribution of these 
SNPs in participants with TG higher and lower than the 
75th percentile is presented in Table  2. The  distribution 
of the GG genotype of D9N (rs1801177) polymorphism 
in both individuals with elevated and normal TG is zero, 
and the differences of AA and AG genotypes were not sig-
nificant between these groups (p = 0.64). For the HINDIII 
(rs320) polymorphism, the frequency of the TT genotype 
was 17.7% and 18.9% in the groups with elevated and 

Table 1. General characteristics of participants with normal and elevated triglycerides levels: the CASPIAN-III Study

Characteristics TG > 107 mg/dL
(n = 186)

TG < 107 mg/dL
(n = 560) p-value

Age, years 14.7 ± 2.4 14.6 ± 2.6 0.63

Body mass index (kg/m2) 20.3 ± 4.2 18.8 ± 3.8 < 0.0001

Systolic blood pressure (mm Hg) 102.5 ± 12.5 102.8 ± 13.3 0.79

Diastolic blood pressure (mm Hg) 65.9 ± 9.5  66.1 ± 10.3 0.78

Triglycerides (mg/dL) 152.5 ± 51.4  73.8 ± 18.5 < 0.0001

HDL-C (mg/dL)  45.7 ± 22.6  50.5 ± 21.5 0.01

LDL-C (mg/dL)  82.3 ± 32.5 81.9 ± 29 0.89

FBG (mg/dL)  86.9 ± 13.5  86.3 ± 13.2 0.52

SGOT (U/L)  31.4 ± 18.0  24.8 ± 12.0 < 0.0001

SGPT (U/L)  21.1 ± 17.6  19.5 ± 12.5 0.28

*Data is presented as mean ± SD. TG – triglycerides; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; FBG – fasting 
blood glucose; SGOT – serum glutamic oxaloacetic transaminase; SGPT – serum glutamic-pyruvic transaminase.

Table 2. Pairwise comparisons of the genotype and allele frequency in 
participants with normal and elevated triglycerides levels: The CASPIAN-III 
study

Genotype TG > 107 mg/dL
(n = 186)

TG < 107 mg/dL
(n = 560) p-value

D9N (rs1801177)
AA
AG
GG

174 (93.5)
12 (6.5)

0

 529 (94.5)
 31 (5.5)

0

0.64

 G 0.032 0.028

HINDIII (rs320)
GG
GT*
TT*

80 (43)
 73 (39.2)
 33 (17.7)

185 (33)
269 (48)

 106 (18.9)

0.05

 T 0.37 0.42

S447X (rs328)
CC
CG
GG

143 (76.9)
 40 (21.5)

 3 (1.6)

448 (80)
 100 (17.9)

 12 (2.1)

0.50

 G 0.12 0.11

* – significantly different with GG group.

APPENDIX 1

Primer Sequence 5’-3’  

F: GCAGAAAGGAAAGGCACCTGCGG
R: AGCTCAGGATGCCCAGTCAGCT

S447X

F: TCCAAGATAATCTCAACCT
R: TAACAATAACAGCACACTATA

HINDIII

F: ATAGCATCAGCGGTGGTT 
R: GGAATGAGGTGGCAAGTG

D9N

F: TGAGGATCTACCTGCCCAG
R: CAAGGCTCCCCAGACAAG

Apo A5

R – reverse; F – forward.
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normal TG, respectively. In  the HINDIII (rs320) poly-
morphism, the differences between the two TG groups 
are near the significant value (p = 0.05). The same com-
parison conducted among participants with TG levels 
categorized according to the NHLB revealed similar re-
sults; it showed that the only significant difference existed 
between the genotypes of the HINDIII polymorphism  
(Table 3).18 Furthermore, as shown in Table 4, the mean TG 
was not significantly different according to the genotype 
distribution. Table 5 presents the comparison of different 
genotype significations. The observed genotype frequen-

cies for two polymorphisms, D9N (rs1801177) and HIN-
DIII (rs320), were in the Hardy-Weinberg equilibrium in 
individuals with normal TG levels (p = 0.5, X2 = 0.45 for 
D9N (rs1801177); p = 0.6, X2 = 0.21 for HINDIII (rs320)), 
but the S447X (rs328) polymorphism did not follow the 
Hardy-Weinberg equilibrium.

Discussion
In this study, which to the best of our knowledge is the 

first of its kind in the MENA region, we presented the re-
sults on polymorphisms of SNPs, rs1801177, rs328 and 
rs320, in LPL encoding lipoprotein in a nationally repre-
sentative sample of Iranian adolescents. We did not find 
any difference in the distribution of the GG genotype of 
the D9N (rs1801177) polymorphism in individuals in the 
upper quartile of TG and their other counterparts; we also 
observed that the differences of the AA  and AG geno-
types were not significant in these two groups. Regard-
ing the HINDIII (rs320) polymorphism, the differences 
between two groups the genotype distribution differences 
for S447X (rs328) polymorphism were significant in these 
groups. The  same comparison among participants with 
normal, borderline-high, and high TG levels showed that 
the only significant differences existed between genotypes 
of HINDIII polymorphism.18

LPL is the major enzyme responsible for the hydrolysis 
of TG-rich lipoprotein in circulating lipoproteins.5 Ge-
netic defects in LPL are responsible for the reduction in 
TG-rich lipoprotein clearance, and mutations in the LPL 
gene play important roles in the development of hypertri-
glyceridemia in the general population.20–23 To date, ap-
proximately 143 different mutations have been found in 
the human LPL gene, 90% of which occur in the coding 
regions and affect LPL functions through catalytic activ-
ity, dimerization, secretion, and heparin bonding.24

Some previous studies have shown that SNPs located in 
the LPL gene are associated with TG levels. It is also docu-
mented that rs2083637 and rs10096633 are related to TG 

Table 3. Comparisons of the genotype and allele frequency in participants with triglyceride levels categorized according  
to the NHLB guidelines (18): the CASPIAN-III Study

Genotype TG < 90 mg/dL 
(n = 442)

TG = 90–129 mg/dL
(n = 194)

TG > 130 mg/dL
(n = 110) p-value

D9N
AA
AG

419
 23

182
 12

102
  8

0.67
0.68

HINDIII
GG
GT
TT

146
210
 86

 65
 90
 39

 54
 42
 14

0.02
0.03
0.01

S447X
CC
CG
GG

350
 81
 11

152
 39
  3

 89
 20
 v1

0.79
0.76
0.56

TG – triglycerides; NHLB – National Heart, Lung, and Blood Institute.

Table 4. Mean value of triglycerides in different genotypes: the CASPIAN-III 
Study

Genotype Alleles Number TG (mg/dL)
mean ± SD

D9N AA
AG

703
 43

 92.92 ± 44.62
101.12 ± 58.78

HIND3 GG
GT
TT

265
342
139

100.49 ± 52.43
 90.77 ± 42.37
 86.31 ± 36.64

S447x CC
CG
GG

591
140
 15

 94.27 ± 47.00
 91.77 ± 40.02
 73.80 ± 30.80

SD – standard deviation; TG – triglycerides.

Table 5. Comparison of different genotype significations: the CASPIAN-III 
Study

Genotype TG (mg/dL)
Mean ± SD p-value

HINDIII GG
GT
TT

100.49 ± 52.4
  90.77 ± 42.37

 86.31 ± 36.6
0.004a, 0.01b, 0.03c

S447X CC
CG
GG

94.27 ± 47
91.77 ± 40

  73.80 ± 30.8
0.2d, 0.84e, 0.22f

TG – triglycerides; SD – standard deviation; a – ANOVA test used to 
compare (GG, GT and TT); results of Bonferroni post-hoc test; b – p-value 
to compare (GG, TT); c – p-value to compare (GG, GT); d – ANOVA test 
used to compare (CC, CG and GG); e – p-value to compare (CC, CG); 
f – p-value to compare (CC, GG).
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levels.11 Moreover, in African-Americans and European-
American populations, rs326, rs328 and rs13702 are as-
sociated with HDLC and TG levels.25

Our findings are consistent with another study that did 
not find any relationship between the HINDIII allele and 
higher LPL activity.26 However, contradictory results are 
reported from studies conducted in different populations, 
for instance in Tunisian patients, the mutated HINDIII 
genotype was significantly associated with increased TG 
and ApoB/ApoAI ratio, as well as with decreased HDL-C.  
Significant genetic differences are also reported among 
Mexican-American and non-Hispanic Caucasians; 
moreover, in Saudi patients, homozygosity for LPL hap-
lotype1 had a protective role against CVDs. In all these 
studies, LPL gene variants were associated with dyslipid-
emia.27–29

The  S447X variant has a  different function relevant 
to the lipid profile.30 However, the major function of the 
S447X variant is TG hydrolysis.31 The  S447X variant is 
associated with a  number of lipid parameters. The  LPL 
S447X variant is mostly associated with lower TG and 
higher HDL-C levels, as well as lower CVD risk.32,33

CVD is a  complex problem resulting from several in-
teractions between various genetic and environmental 
factors. After secretion, LPL binds to the luminal surface 
of endothelial cells and shows promising effects in the ca-
tabolism of TG in circulation.34 The genetic risk of CVD 
is not fully understood perhaps because of different genes 
involved in its mechanism. LPL can be a possible target 
for the treatment of CVD; however multiple LPL gene 
variants and several mutations are engaged in the patho-
physiology of CVD.35

The main limitation of this study is its cross-sectional 
nature; moreover we could only study a limited number of 
genetic factors. The strengths of this study are the novelty 
in the pediatric age group, including a nationally repre-
sentative sample of participants, and being the first of its 
kind in the MENA region, where hypertriglyceridemia is 
highly prevalent.

In the current study, most of the LPL gene variants were 
not significantly different in adolescents with normal and 
elevated TG. The mean TG was not significantly different 
according to the genotype distribution. As the first evi-
dence from the pediatric population of the MENA region, 
the current findings might be used in international com-
parisons. Our findings might suggest that the high preva-
lence of hypertriglyceridemia in Iranian adolescents is 
likely to be caused by lifestyle rather than genetic factors.
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Abstract
Background. Objective assessment of daily wear time of removable appliances is possible, so the next step 
is to ascertain whether the severity of malocclusion influences patients’ compliance. This could help resolve 
the controversy over the question of whether removable appliance therapy truly works.

Objectives. The aim of the study was to investigate whether the patient’s orthodontic treatment needs 
affect the cooperation between the patient and the doctor, and to find a correlation that could affect recom-
mendations for orthodontic treatment.

Material and methods. The study involved 58 patients (29 boys, 29 girls) aged 9–12 years, who quali-
fied for treatment with removable appliances equipped with a sensor system. The patients were divided into 
four groups according to their Index of Orthodontic Treatment Need dental health component scores. Over 
a 9-month period, data stored in the sensors were compared with the recommended daily wear time (DWT) 
of the appliances, and a statistical analysis was conducted.

Results. DWT differed considerably in all the groups. Statistically significant differences in the mean DWT 
values occurred only when extreme values of the IOTN DHC were compared.

Conclusions. The degree of patient compliance depends to a small extent on the severity of malocclusion. 
Patients with mild malocclusion will probably be less likely to cooperate. Among patients with severe mal-
occlusion, compliance may be unpredictable. Patient compliance is an important background factor that 
can explain a lot of the controversy over the effectiveness of treatment with removable appliances.

Key words: Index of Orthodontic Treatment Need, orthodontics, orthodontic removable appliances, patient 
compliance
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When starting orthodontic treatment, the “golden 
rules” formulated by Proffit et al. should always be borne 
in mind: (i) Each treatment should be aimed at improving 
the patient’s quality of life, and (ii) the treatment should 
be provided for the patient, and not carried out on him.1

Since esthetics are one of the major reasons patients 
seek orthodontic treatment, the patient’s feelings, not 
the orthodontist’s, should be the most important point of 
reference in orthodontic practice committed to creating 
beautiful smiles.2 On the other hand, however, the exis-
tence of an objective point of reference in terms of facial 
and smile esthetics can be very helpful when carrying 
out orthodontic treatment, conducting research and for-
mulating individual treatment plans.3 Taking all this into 
account, the orthodontist must always bear in mind that 
even if his or her rules, plans and treatment objectives are 
based on accurate, numerical parameters used to assess 
individual dentofacial features, the results of such analy-
ses may not be aligned with the patient’s sense of self-es-
teem. The Index of Orthodontic Treatment Need (IOTN) 
is one of the measurements that takes into account not 
only measurable classifications of malocclusion, but also 
a  hierarchical evaluation of dental esthetics. This index 
may prove to be a particularly useful tool, allowing ortho-
dontists to make treatment decisions that take into ac-
count the most important factor for the patient, namely 
impairment of oral esthetics.4 Since this factor is one of 
the main reasons patients decide to endure the burden of 
orthodontic treatment, the next logical step is to ask how 
the patient’s critical self-assessment of his or her smile 
affects his or her behavior and attitude during the treat-
ment, and whether it corresponds to the objective, para-
metric orthodontist’s assessment. This seems particularly 
important if removable orthodontic appliances are to be 
used, in which case an objective, parametric assessment 
of the patient’s malocclusion affects his or her motivation 
and level of compliance.

Removable appliances have been used in orthodontic 
treatment for many decades. As bonded attachments are 
presently in wide use, removable appliances may seem 
a  relic of a bygone era, yet they have their merits. They 
are easy to manufacture and use, they show resistance to 
damage and reduce the risk of iatrogenic decay develop-
ing during orthodontic treatment. Most of all, they are 
inexpensive and perfectly suitable for solving many prob-
lems in early and interceptive orthodontic treatment, and 
therefore in the general treatment of children and young 
people.5 The biggest drawback with the use of removable 
appliances is that it is very difficult to predict and moni-
tor patient compliance with the treatment, and removable 
appliances must be worn as advised by the orthodontist 
to be effective. Until recently, fully objective measurement 
of patient compliance was practically impossible. This af-
fected not only clinical procedures, but also the credibility 
of various studies related to this kind of therapy. Patient 
compliance was a factor that, if ignored, could have a sub-

stantial impact on studies on the effectiveness of remov-
able appliances, thereby affecting recommendations on 
treatment strategies issued on the basis of these studies.6 
It was not until recently that this problem was solved, as 
the emergence of electronic systems for monitoring pa-
tient compliance has finally helped to assess real, daily 
appliance-wear time (DWT). TheraMon® (MC Technol-
ogy GmbH, Hargelsberg, Austria) is one such system. Its 
efficacy has been confirmed in clinical studies.6

TheraMon® consists of: (a) sensors which read and save 
temperature values to an accuracy of 0.1oC every 15 min; 
(b) a docking station which allows the data stored on the 
sensors to be read; and (c) software that not only makes 
analysis, visualization and interpretation of data possible, 
but also identifies attempts at manual adjustment/fraud.

As the problem of objective monitoring of patient com-
pliance with treatment with removable appliances has 
now been overcome, the time has come to answer a key 
question, namely: Do the orthodontic treatment needs of 
the patient, defined before the treatment with the use of 
IOTN, affect the cooperation between the patient and the 
doctor? The purpose of this research was to find any cor-
relation that could significantly affect recommendations 
for orthodontic treatment, especially those that are state-
funded or covered by other insurance systems.

Material and methods
The study group consisted of 58 patients (29 boys and 

29 girls) aged 9–12 years. The minimum sample size was 
established by determining the strength of the statisti-
cal t-test used to assess the statistical significance of the 
Pearson correlation coefficient with a  properly adjusted 
(smaller) number of cases. It has been demonstrated that 
a sample size of n = 58 provides the statistical power of 0.8.

The patients were diagnosed with at least one of the fol-
lowing malocclusions:

a) increased overjet,
b) reverse overjet without speech or functional disor-

ders,
c) crossbite,
d) contact point displacements,
e) open bite,
f ) increased overbite,
g) teeth that do not all fit on a line of occlusion,
h) hypodontia,
i) disturbance in tooth eruption/tooth impaction, and/or
j) a partially erupted tooth, inclined and stopped by ad-

jacent teeth.
The orthodontic treatment needs were assessed in all 

the patients as part of the diagnostic activities, prior to 
the formulation of a  treatment plan. The  dental health 
component (DHC) of the IOTN was assessed for all the 
patients by the same previously calibrated orthodontist 
(AK). On this basis the patients were divided as follows:
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Group 1: IOTN DHC = 2 (14 individuals),
Group 2: IOTN DHC = 3 (13 individuals),
Group 3: IOTN DHC = 4 (16 individuals), 
Group 4: IOTN DHC = 5 (15 individuals).
The patients were qualified for treatment with Schwarz or 

Twin Block appliances equipped with TheraMon® sensors.
Before the treatment began, all the patients and their 

carers were informed of the purpose of the study and 
signed informed consent to participate in the research, 
which was approved by the Wroclaw Medical University 
Bioethics Committee (No. KB – 322/2014).

Once removable appliances were provided to the pa-
tients, both they and their parents/carers were informed 
that the appliances should be worn at night for at least 
8–10 h and during the day for at least 2–4 h, so that the 
DWT was at least 10–14 h.

Over the next nine months, the data stored on each of 
the sensors were read out every 4–6 weeks during patient 
visits, objectively measuring daily appliance-wear time. 
All the data were further subjected to statistical analy-
sis. The  calculations were carried out using STATISTI-
CA 12.0 software (StatSoft Inc., Tulsa, USA), using tests 
relevant to the distribution of variables. Significance was 
established at a p level less than 0.05.

Results
DWT differed considerably in all the groups (Fig.  1). 

Surprisingly, the lowest DWT value was observed in the 
patients in Group 3 (0.97 h/day), while the highest DWT 
value, as expected, was registered in Group  4 (21.93  h/
day). The  DWT values, along with descriptive statistics 
and the Shapiro-Wilk normality test results were used to 
show that the DWT variable is normally distributed in all 

groups, are summarized in Table 1. Statistical power was 
also analyzed, because if the assumption about normality 
of distribution is correct, the power of the rank-based tests 
is lower than that of Student’s t-test based on this assump-
tion. If the sample size is equal to n, the statistical power 
of Spearman’s rank correlation coefficient may be almost 
the same as the statistical power of Pearson’s correlation 
coefficient (also known as Pearson’s r) for a sample of 9/π2 
N (approximately 0.912 n) cases.7 For practical purposes, 
the statistical power of Spearman’s rank correlation coef-
ficient was analyzed by computing the power of Student’s 
t-test used to assess the statistical significance of Pearson’s 
correlation coefficient with reference to an adequately 
adjusted (smaller) number of cases; it was found that the 
sample size n = 58 provides statistical power of 0.8. The re-
sults of the statistical analysis of covariance between the 
DWT and the dental health component of the IOTN are 
presented in Table 2. The value of Spearman’s rank coef-
ficient (r = 0.370) indicates a poor monotonic relationship 

Fig. 1. Daily wear time values (0–24 h/day)

Table 1. Daily appliance wear time (DWT) in each group, along with descriptive statistics and the results of the Shapiro-Wilk test

Group number
Daily Wear Time (DWT) The Shapiro-Wilk test 

number of 
patients (n) mean SD SE 95% CI W p-value

Group 1  
(IOTN DHC = 2)

14 5.73 2.53 0.68 4.27  7.19 0.918 0.204

Group 2  
(IOTN DHC = 3)

13 7.46 2.07 0.66 5.98  8.94 0.919 0.351

Group 3  
(IOTN DHC = 4)

16 7.29 3.19 0.80 5.59  8.99 0.924 0.195

Group 4  
(IOTN DHC = 5)

15 9.66 4.64 1.20 7.09 12.2 0.893 0.073

All groups 58 7.57 3.57 0.48 6.60  8.54

Table 2. The results of the statistical analysis of covariance between DWT and the IOTN Dental Health Component

Variables Number of 
patients (n)

Spearman’s rank
correlation coefficient t (N-2) p-value

DWT and the IOTN DHC 58 0.370 2.903 0.005



M. Sarul, et al. Patient compliance and the IOTN86

between these variables. The  positive coefficient value 
suggests that a higher IOTN DHC value is usually associ-
ated with longer appliance-wear time, but this relationship 
is not very strong.

In  order to statistically analyze the DWT differen-
tiation, the Brown-Forsythe test was used for particular 
groups. That test did not show any significance; there-
fore, a parametric analysis of variance (ANOVA) was per-
formed, which did show a significant difference (Table 3). 
A post hoc Tukey Honest Significant Differences (HSD) 
test for unequal frequencies performed at the end dem-
onstrated that statistically significant differences in the 
DWT mean values occurred only when extreme values of 
the IOTN DHC were compared – i.e. in Groups 1 and 4, 
where the DWT mean values were 5.73 h/day and 9.66 h/
day, respectively (Table 4).

Discussion
Removable appliances have been used in orthodontic 

treatment for decades. They have both opponents and 
supporters. It  seems that one of the main drawbacks is 
the necessity to wear the appliances for sufficiently long 
periods of time a  day. Some authors have assumed that 
patient compliance with this requirement may depend on 
the level of the patient’s (and his or her carers’) motiva-
tion to undergo orthodontic therapy; this in turn should 
depend on the severity of the malocclusion that is the rea-
son for seeking treatment. Logically, the patients with se-
vere malocclusion should follow the doctor’s instructions, 
which – thanks to sensors placed in functional orthodon-
tic appliances – can now be objectively verified.

There are several main factors influencing the decision 
to undergo orthodontic treatment. They include (a) the 
relationship between malocclusion and a higher incidence 
of tooth decay and periodontal disease, (b) the prevalence 
of stomatognathic system disorders resulting from occlu-
sal problems, and (c) the psychosocial impairment caused 
by malocclusion.

Studies show that the relationship between malocclu-
sion and the prevalence of chewing impairment or TMJ 
disorders is weak, inconclusive or non-existent. A study 
conducted by Helm and Petersen suggested that maloc-
clusion affects the prevalence of oral diseases much less 
than oral hygiene, which depends only on the patient.8–10 
Moreover, studies conducted by Sádovský and BeGole 
and by Polson show that the prevalence of malocclusion 
only marginally affects the development of periodon-
tal disease.11,12 It  therefore seems that malocclusion has 
a greater impact on the patient’s psychological well-being 
and social functioning. As Soares et  al. wrote, “people 
usually seek [orthodontic treatment for malocclusion] to 
improve their esthetic appearance because other people’s 
opinions directly or indirectly affect their self-esteem and 
how they perceive their own appearance”.13–17

Nevertheless, scientific evidence, backed by a  reliable 
statistical analysis, is something very different from pa-
tients’ (and/or their carers) awareness and the resulting 
motivation (or lack thereof ) to undergo treatment and 
follow their orthodontists’ instructions. In  a  sense, the 
present study could be an attempt to argue with Prof-
fit et  al., who claimed that the main reason for seeking 
orthodontic treatment is psychosocial maladjustment 
caused by malocclusion.18 The present authors have not 
examined the relationship between appliance wear time 
(and thus motivation) and the patients’ self-assessment of 
their facial esthetics. However, an attempt has been made 
to objectively assess the patients’ orthodontic treatment 
needs and to link them to their motivation. As already 
noted, the results are not conclusive, but the observation 
can be made that the more severe the malocclusion, the 
higher the patient’s motivation to put a lot of effort into 
orthodontic treatment. There is a statistically significant 
relationship between these two variables, which is con-
sistent with the opinion of Proffit et  al.1 This statistical 
significance only becomes noticeable, however, when 
patients with severe malocclusion are compared with pa-
tients with mild malocclusion. In other cases, the results 
are not statistically significant. It must also be noted that 
the observed correlation is not very strong (0.37). Perhaps 
this means that patients value their own self-assessment 
of their malocclusion more than an objective clinical as-
sessment; furthermore, other factors cannot be excluded.

From a clinical point of view, the direct correlation be-
tween the severity of malocclusions and patient compli-
ance is not the only factor of importance; the standard 
deviation of daily wear time results also has an impact. 
Closer analysis shows that the higher the value of the 
IOTN DHC parameter, the higher the standard deviation 

Table 3. The results of the statistical analysis of DWT differentiation in each group

k Number of 
patients (n)

The Brown-Forsythe test Analysis of variance (ANOVA)

F (k-1, n-k) p-value F (k-1, n-k) p-value

4 58 1.549 0.213 3.363 0.026

Table 4. The results of the post hoc Tukey Honest Significant Differences 
(HSD) test: An analysis of pairwise comparisons

Group number
p-value

group 3 group 4 group 5

Group 2 0.661 0.615 0.017

Group 3 1.000 0.468

Group 4 0.229
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of the daily wear time. It is therefore important to think 
carefully about how to interpret these results. Inasmuch 
as the level of patient compliance is low in cases of mild 
malocclusion, it is also more predictable than in patients 
with severe malocclusion (SD = 2.53). On the average, the 
latter group cooperates much better, but the compliance 
of any individual in the group is definitely less predict-
able than individuals with mild malocclusion (SD = 4.64). 
These findings may help to partially explain the results 
obtained by some authors, which show considerable dif-
ferences in the skeletal changes that occur during ortho-
pedic treatment.19–21 Even if these changes are beneficial, 
substantial standard deviation of the results causes them 
to lose significance in the statistical analysis in compari-
son to an untreated control group. Unfortunately, the 
present study has confirmed this mechanism, showing 
that the greater the severity of malocclusion, the bigger 
the difference in the degree to which the patients follow 
a  treatment regimen, leaving orthodontists insufficient 
control over patient compliance.

Conclusions
The  degree of patient compliance depends to a  small 

extent on the severity of malocclusion measured by the 
IOTN. When planning early treatment with removable 
appliances, it can be assumed that patients with mild mal-
occlusion will be less likely to cooperate, which should 
influence care provider’s decisions to limit public funds 
spent on the treatment of such disorders. Unfortunate-
ly, among patients suffering from severe malocclusion 
compliance is unpredictable, which means the treatment 
should be carefully and objectively monitored, and dis-
continued when the doctor’s recommendations are not 
followed. Since the severity of malocclusion is a weak pre-
dictor of patient compliance, research should continue 
to search for other prognostic factors. The results of the 
present study show that patient compliance is an impor-
tant background factor, which may explain a great deal of 
the controversy over the effectiveness of functional treat-
ment.

References
 1. Proffit  WR, Fields  HW, Sarver  DM. Contemporary orthodontics. St. 

Louis, Mo: Mosby Elsevier; 2007: Chap.6.
 2. Peck  H, Peck  S. A  concept of facial esthetics. Angle Orthod. 

1970;40:284–317.
 3. Kiekens RMA, Maltha JC, Hof MA, Kuijpers-Jagtman AM. Objective 

measures as indicators for facial esthetics in white adolescents. 
Angle Orthod. 2006;76;551–556.

 4. Shaw  WC, Richmond  S, O’Brien  KD. The  use of occlusal indi-
ces: A  European perspective. Am J  Orthod Dentofacial Orthop. 
1995;107:1–10.

 5. Nimri K, Richardson A. Applicability of interceptive orthodontics in 
the community. British J Orthod. 1997;24:223–228.

 6. Schott  TC, Goz  G. Young patients attitudes’ toward removable 
appliance wear times, wear-time instructions and electronic wear-
time measurements –  results of a  questionnaire study. J  Orofac 
Orthop. 2010;71:108–116.

 7. Hotelling  H, Pabst  MR. Rank correlation and tests of significance 
involving no assumption of normality. Ann Math Stat. 1936;7:29–43.

 8. Feine  JS, Maskawi  K, de Grandmont  P, Donohue  WB, Tanguay  R, 
Lund  JP. Within-subject comparisons of implant-supported man-
dibular prostheses: Evaluation of masticatory function. J Dent Res. 
1994;73:1646–1656.

 9. McNamara  JA, Seligman  DA, Okeson  JP. Occlusion, orthodontic  
treatment and temporomandibular disorders. J  Orofacial Pain. 
1995;9:73–90.

10. Proffit WR, Fields HW, Sarver DM. Contemporary orthodontics. St. 
Louis, Mo: Mosby Elsevier; 2007:Chap. 2.

11. Sadovsky  C, BeGole  EA. Long-term effects of orthodontic treat-
ment on the periodontal health. Am J Orthod. 1981;80:156–172.

12. Polson AM. Long-term effect of orthodontic treatment on the peri-
odontium. McNamara JA, Ribbens KA, eds. Malocclusion and the peri-
odontium. AnnArbor, Mich: The University of Michigan Press; 1987.

13. Shaw  WC. The  influence of children’s dentofacial appearance on 
their social attractiveness as judged by peers and lay adults. Am 
J Orthod. 1981;79:399–415.

14. Mandall NA, McCord JF, Blinkhorn AS, Worthington HV, O’Brien KD. 
Perceived aesthetic impact of malocclusion and oral self-percep-
tions in 14–15-year-old Asian and Caucasian children in greater 
Manchester. Eur J Orthop. 2000;22:175–183.

15. Shaw WC, Rees G, Dawe M, Charles CR. The influence of dentofa-
cial appearance on the social attractiveness of young adults. Am 
J Orthod. 1985;87:21–26.

16. Cons  NC, Jenny  J, Khout  FJ. Perceptions of occlusal conditions in 
Australia, the German Democratic Republic and the United States. 
Int Dent J. 1983;33:200–206.

17. Farrow AL, Zarinnia K, Khosrow A. Bimaxillary protrusion in black 
Americans –  an esthetic evaluation and the treatment consider-
ations. Am J Orthod Dentofac Orthop. 1993;104:240–250.

18. Proffit  WR, Fields  HW, Sarver  DM. Contemporary orthodontics. St. 
Louis, Mo: Mosby Elsevier; 2007:Chap. 8.

19. Chen  JY, Will  LA, Niederman  R. Analysis of efficacy of functional 
appliances on mandibular growth. Am J Orthod Dentofacial Orthop. 
2002;122:470–476.

20. Keeling SD, Wheeler TT, King GJ, et al. Anteroposterior skeletal and 
dental changes after early Class II treatment with bionators and 
headgear. Am J Orthod Dentofacial Orthop. 1998;113:40–50.

21. Tulloch JFC, Proffit WR, Phillips C. Outcomes in a 2-phase random-
ized clinical trial of early Class II treatment. Am J Orthod Dentofacial 
Orthop. 2004;125:657–667.





Address for correspondence
Dawid Szpecht
E-mail: dawid.szpecht@poczta.fm

Funding sources
none declared

Conflict of interest
none declared

Received on February 1, 2016
Revised on July 12, 2016
Accepted on September 23,2016

Abstract
Background. The study aim was to determine the incidence and analyze risk factors of IVH stage 3 and 4 
in infants born before 26 weeks of gestation.

Objectives. A retrospective analysis of 110 preterm babies (23–26 weeks of gestation) hospitalized from 
2009 to 2014 at the Department of Neonatology of Poznan University of Medical Sciences was performed.

Material and methods. In the study group there were 29 (26.4%) children in the 23rd–24th weeks of 
pregnancy and 81 (73.6%) in the 25th–26th weeks of gestation.

Results. Among IVH stage 3 and 4 in neonates without prenatal steroids therapy, OR was 1.616 (1.059–
2.456; p = 0.022) for children born in the 23rd–24th week of gestation and 1.677 (1.001–2.809; p = 0.047) 
for children born in the 25th–26th week of pregnancy. An analysis of various risk factors revealed the chance 
of the appearance IVH stage 3 and 4 among neonates born in the 23th–24th and 25th–26th week of gesta-
tion rising only among those children who were treated for hypotension with catecholamines (OR 2.031 
(0.269–24.21), p = 0.033 and OR 1.989 (0.224–16.55), p = 0.024).

Conclusions. The lower the gestational age, the more frequent the risk of IVH stage 3 and 4. The use of ap-
propriate prophylaxis of perinatal patients (steroids in all pregnant women at risk of preterm birth, limiting 
the indications for the use of catecholamines for hypotension treatment) reduces the incidence of severe 
IVH.
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Intraventricular hemorrhage (IVH) is the most com-
mon form of bleeding into the central nervous system 
in neonates and its occurrence is significantly increased 
in the group of very low birth weight (VLBW) preterm 
neonates born before the 32nd week of gestation. The fre-
quency of the IVH in preterm infants born between the 
23rd and 26th week of gestation is 20–30%.1 The  factors 
taken into account in the pathogenesis of IVH include 
impaired ability for autoregulation of cerebral blood flow 
with fluctuating cerebral blood flow (related to fluctuat-
ing arterial blood pressure), periodically with increased 
arterial blood pressure (e.g., due to hypercarbia, excess 
volume expansion) and increased cerebral venous pres-
sure (e.g., with pneumothorax, asphyxial heart failure) 
and in combination with immature, fragile blood vessels 
within the germinal matrix tissue leading to hemorrhage 
into the ventricular system.2 About 90% cases of the IVH 
take place within the first 3  days of life and 20–40% of 
the IVH cases become more extended over the first week 
of life. In  cases of grade 1 and 2, the clinical effects di-
rectly after the IVH and long-term effects are not noticed. 
In grade 3 or 4, we may observe an abrupt deterioration in 
the clinical condition, consciousness disorders, seizures 
and certain neurological symptoms which include de-
creased spontaneous movement and muscle tone distur-
bances. In 60% of premature infants suffering from IVH 
stage 3 and 4, cognitive disabilities such as cerebral palsy 
and mental retardation incur.3

Material and methods

Study population

One hundred-ten neonates born between the 23rd and 26th 
week of gestation, admitted to the Neonatal Intensive Care 
Unit at the Department of Neonatology, Poznan University 
of Medical Sciences in the years 2009–2014, were analyzed. 
In the study group, there were 29 (26.4%) infants born in 
the 23rd–24th week of gestation (group A) and 81 infants 
(73.6%) born in the 25th–26th week of gestation (group B).  
The characteristics of the patients are shown in Table 1.

More mature newborns (older than 23–26 weeks of ges-
tational age) were not included in this study. Also, neo-
nates from multiple pregnancies, pregnancies in which 
one of the fetuses died, infants with chromosomal aberra-
tions and TORCH infection were not taken into account. 
The retrospective analysis is the limitations of the study.

Diagnosis of intraventricular hemorrhage

The  diagnostics of intraventricular hemorrhage were 
performed with neonatal cranial ultrasonography. The ex-
amination was carried out at least 3 times, according to 
the guidelines of the American Academy of Neurology in 
the 3rd and 7th day of life, and once more just before being 

discharged from the hospital. The stages of hemorrhages 
were categorized according to Papile IVH classification: 
grade 1 (hemorrhage to the periventricular germinal ma-
trix), grade 2 (hemorrhage to the ventricular system with-
out dilatation of the ventricles), grade 3 (hemorrhage to 
the ventricular system with dilatation of the ventricles) 
and grade 4 (intraparenchymal echodensity represents 
periventricular hemorrhagic infarction).4

Risk factors

The aim of the study was to examine the influence of 
the following factors: gender; gestational age (GA, weeks); 
birth weight (BW, grams); antenatal steroid therapy (AST, 
betamethasone 12  mg intramuscularly every 24  h  for  
2 doses); small for gestational age (SGA, defined as birth 
weight under the 3rd percentile); type of delivery (vaginal 
birth vs cesarean section); delivery outside tertiary refer-
ral hospitals, birth asphyxia (defined as APGAR score 
less than 6 at 10 min and pH < 7.0 or blood base excess 
(BE) < –15 mmoL/L in cord blood); intrauterine infection 
(defined as positive culture in a sterile environment origi-
nally accompanied by clinical symptoms); therapy in the 
first 7 days of life with crystalloids (bolus 10–15 mL/kg)  
and/or catecholamines of hypotension (defined as mean 
blood pressure below value corresponding to neonate’s 
gestational age), treatment of the acidosis with NaH-
CO3 (when blood pH was below 7.2 and/or BE less than 
–10  mmoL/L); blood coagulation disorders (defined as 
prolonged prothrombin time (PT) below 65% and/or in-
creased International Normal Ratio (INR) more than 1.5 
and/or prolonged activated partial thromboplastin time 
(APTT) more than 45 s in accordance with the reference 
values for the local laboratory); thrombocytopenia (de-
fined as platelet count less than 100,000 per microliter of 
blood); type of respiratory support (invasive vs non-inva-
sive) on developing IVH.

Statistical analysis

A chi-square test with or without Yates’ correction was 
applied to compare dichotomous variables, where appro-
priate. The odds ratio (OR) and 95% confidence intervals 
(95% CI) were calculated. Unconditional logistic regres-
sion analysis was used to adjust for the effect of con-
founders such as gender, GA, BW, AST, intrauterine hy-
potrophy, outborn patients, birth asphyxia, intrauterine 
infection, hypotension, acidosis, blood coagulation disor-
ders, thrombocytopenia or respiratory ventilation (inva-
sive vs non-invasive). A p value below 0.05 was judged to 
be statistically significant.

The aforementioned statistical calculations were per-
formed using CytelStudio v. 10.0, created January 16, 
2013 (CytelStudio Software Corporation, Cambridge, 
USA), and STATISTICA v. 10, 2011 (Stat Soft, Inc.,Tulsa, 
USA).
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Results
The  characteristics of the analyzed risk factors are 

shown in Table 2.
Statistical analysis demonstrated a  significant differ-

ence in the frequency of appearance of IVH stage 1 and 2 
and IVH stage 3 and 4 among neonates born in group A 
and group B (p < 0.05). OR for both stage 3 and 4 in the 
group of children born in group A  was 4.863 (1.041–
30.11; p = 0.043) and in group B was 3.494 (0.914–19.65; 
p = 0.044).

Among neonates with no AST exposition with IVH 
stage 3 and 4, OR was 1.616 (1.059–2.456; p = 0.022) for 
group A and 1.677 (1.001–2.809; p = 0.047) for group B. 
The  analysis of various risk factors revealed that the 
chance of appearance of IVH stage 3 and 4 among neo-
nates from group A and B rose only among those children 
who were treated for hypotension with catecholamines 
(OR 2.031 (0.269–24.21), p = 0.033 and OR 1.989 (0.224–
16.55), p = 0.024). The remaining risk factors (asphyxia, 
treatment of acidosis with NaHCO3, parturition outside 
of the 3rd stage of reference, mode of delivery and type of 
respiratory support) did not have any significant effect on 
the chance of appearance of IVH stage 3 and 4.

The chance of IVH stage 3 and 4 appearing among neo-
nates from group A and B did not rise significantly among 
mothers who underwent steroid therapy and were treated 
for hypotension (OR 1.32 (0.755–2.309), p = 0.323 and OR 
1.12 (0.655–2.109), p = 0.412). Additional risk factors did 
not affect the probability of IVH stage 3 and 4 appearing: 
asphyxia (OR 1.544 (0.998–2.387), p = 0.054 and OR 1.561 
(0.922–2.644), p  =  0.093), acidosis (OR 1.204 (0.645–
2.248), p = 0.555 and OR 1.07 (0.52–2.031), p = 0.823), de-

livery outside of 3rd stage of reference (OR 1.205 (0.637–
2.28), p = 0.056 and 1.090 (0.56–2.119), p = 0.797).

Thirteen of 110 (11.8%) patients died. In group A, 6 of 
29 (20.7%) newborns died, and in group B, 7 of 81 (8.6%) 
newborns did not survive. 3 of 12 (25%) infants with diag-
nosed IVH stage 3 and 4 from group A and 5 of 26 (19.2%) 
with diagnosed IVH stage 3 and 4 from group B died.

Discussion
The  analysis of risk factors based on neonates born 

from the 23rd to 26th week of gestation in the Department 
of Neonatology, Poznan University of Medical Sciences, 
confirmed that hypotension and lack of AST are impor-
tant risk factors of IVH.

Neonatal hypotension is defined as a mean blood pres-
sure lower than the value of the child’s gestational age. 
However the definition of hypotension in VLBW infants is 
controversial. The management of circulation and blood 
pressure in very preterm infants varies among neonatal 
intensive care units. In our unit, hypotension was defined 
as mean blood pressure below the value corresponding 
to the neonate’s gestational age. 83 of 110 (75.45%) neo-
nates from our study were subjected to a catecholamine 
therapy, and the most frequently used form of treatment 
was administrating dopamine in combination with dobu-
tamine.

The  association between postnatal hypotension in 
VLBW  infants and short- and long-term outcome is 
controversial. In  our study group, treatment involving 
administrating catecholamines doubled the risk of ap-
pearance of IVH stage 3 and 4. Catecholamine therapy 

Table 1. Characteristics of patients

Variables Group without IVH and with IVH 
stage 1 and 2 (n = 72; 65.5%)

Group with IVH stage 4 and 4 
(n = 38; 34.5%) p-value

Gender
male
female

38 (52.8%)
34 (47.2%)

22 (57.9%)
16 (42.1%)

0.099

Gestational age (weeks)
23–24
25–26

17 (23.6%)
55 (76.4%)

12 (31.6%)
26 (68.4%)

< 0.05

Birth weight (grams)
< 750
750–1000
> 1000

19 (26.4%)
6 (8.3%)

47 (65.3%)

12 (31.6%)
16 (42.1%)
10 (26.3%)

< 0.05

Apgar score (median and range)
1st min
3rd min
5th min
10th min

3 (1–7)
5 (1–7)
6 (2–8)

  6.5 (3–7)

3 (0–8)
5 (1–8)
6 (1–8)
7 (2–9)

0.833
0.293
0.412
0.066

Deaths 5 (6.9%) 8 (21%) < 0.05

Apgar score: Activity: 0 – limp; no movement; 1 – some flexion of arms and legs; 2 – active motion. Pulse (heart rate): 0 – no heart rate; 1 – less than 100 beats 
per minute; 2 – at least 100 beats per minute. Grimace: 0 – no reaction; 1 – grimacing only; 2 – grimacing and a cough, sneeze, or vigorous cry. Appearance: 
0 – the baby’s whole body is completely bluish-gray or pale; 1 – pink color in body with bluish hands or feet; 2 – pink color all over. Respiration (breathing): 
0 – not breathing; 1 – weak cry, slow or irregular breathing; 2 – good, strong cry; normal rate and effort of breathing.
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turned out to have negative effects on both neonates born 
in the 23rd–24th week of gestation and neonates born in 
the 25th–26th week of gestation. The results of our study 
are compatible with other studies about IVH risk factors 
which include hypotension therapy as a potential cause of 
severe IVH. Rong et al. analyzed a group of 79 neonates 
diagnosed with IVH.5 The control group consisted of 153 
neonates. In  all three analyzed age groups (<  30  weeks, 
30–34  weeks, 35–37  weeks), similarly to our findings, 
negative effects of hypotension treatment on IVH occur-
rence were reported.

Likewise, American post-hoc research of hypotension 
treatment of extremely preterm infants (23–25  weeks) 
showed negative effects of such therapy.6 Catecholamine 
therapy is listed there as a risk factor for IVH and peri-
ventricular leukomalacia. The examined infants were ob-
served to have a lower survival rate and a growing tenden-
cy to develop later disorders, such as hearing impairment 
and cerebral palsy, than infants without hypotension or 
infants with untreated hypotension. The results of our re-
search are important, because they advise caution while 
administrating catecholamine treatment to extremely 
preterm neonates. It  is crucial to compare the possible 
benefits with potential risks.

The  results of the research programs conducted are 
contradictory. Chinese (Rong et al.) and Israeli (Auerbach 
et al.) studies concerning the influence of hyperglycemia 
and other risk factors of IVH, confirmed that hypotension 
itself, due to hemodynamic distortion, is the risk factor 
for IVH occurring, even that of higher stages.5,7 However, 
other studies show that untreated hypotension does not 
worsen prognosis for the patient. American research of 
hypotension therapy shows that the later development of 
infants who didn’t undergo hypotension treatment was 
comparable with the development of children who were 
not diagnosed with hypotension.6 On the other hand, 
children who underwent catecholamine therapy statisti-
cally fared less well.

In  their research on untreated hypotension conduct-
ed on a  group of 66 premature infants born in the 28th 
week of gestation, Alderliesten et al. did not find any link 
between neurological disorders and hypotension itself 
(there was no confirmation of decreased regional cere-
bral oxygenation and lowered stage of neurological de-
velopment).8 Some of the studies go as far as suggesting 
the pointlessness of anti-hypotension treatment – Batton 
et al. in their other research compared the blood pressure 
of 164 untreated premature infants –  135 treated with 

Table 2. Characteristics of risk factors

Variables – risk factors Group without IVH and with IVH 
stage I and II (n = 72; 65.5%)

Group with IVH stage III and IV 
(n = 38; 34.5%) p-value

IUGR
yes
no

6 (8.3%)
66 (91.7%)

2 (5.3%)
36 (94.7%)

0.555

Prenatal steroids
yes
no or uncompleted

56 (77.8%)
16 (22.2%)

14 (36.8%)
24 (63.2%)

< 0.05

Mode of delivery
vaginal
cesarean section

40 (55.6%)
32 (44.4%)

25 (65.8%)
13 (34.2%)

0.472

Asphyxia
yes
no

35 (48.6%)
37 (51.4%)

24 (63.2%)
14 (36.8%)

0.145

Intrauterine infection
yes
no

52 (72.2%)
20 (27.8%)

23 (52.6%)
15 (47.4%)

0.210

Hypotension therapy
yes
no

52 (72.2%)
20 (27.8%)

31 (81.6%)
 7 (18.4%)

0.278

Acidosis therapy
yes
no

65 (90.3%)
7 (9.7%)

33 (86.8%)
 5 (13.2%)

0.582

Blood coagulation disorders and/or thrombocytopenia
yes
no

15 (20.8%)
57 (79.2%)

14 (36.8%)
24 (63.2%)

0.069

Respiratory ventilation
non-invasive
conventional

6 (8.3%)
66 (91.7%)

0 (0%) 
 38 (100.0%)

0.067

Third level hospital
outborn
inborn

10 (13.9%)
62 (86.1%)

 9 (23.7%)
29 (76.3%)

0.196
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intravenous fluid therapy and 92 treated with dopamine. 
This research did not prove any significant difference in 
the rise of blood pressure within the first 24 h of life for 
both treated and untreated neonates.9

Faust et  al. evaluated the lowest mean arterial blood 
pressure during the first 24  h of life (miniMAP24) in 
VLBW  infants and its association with short-term out-
come. The retrospective analysis of 4907 VLBW infants 
confirmed that in infants below 29 weeks of gestation, the 
lowest mean arterial blood pressure during the 24 h was 
1–2  mm Hg below the value of gestational age and hy-
potension defined as miniMAP24 lower than the median 
value of all patients of the same gestational age was as-
sociated with higher mortality and IVH rates. Moreover, 
infants treated with inotropes during the first 24  h of 
life had a higher risk for IVH. The rates of IVH in new-
borns with miniMAP24 in the lowest quartile for gesta-
tional age were higher in comparison to those with mini-
MAP24 > 25th percentile. MiniMAP24 was a  significant 
predictor for IVH in infants that were not treated with 
inotropes on the first day of life.10

It is difficult to establish the appropriate criteria of ini-
tiating catecholamine treatment. One of the most popu-
lar criteria is a fall of blood pressure 5 mm Hg less than 
the correct level and the presence of at least 2 indicators 
of hypoperfusion, such as average blood pressure low-
ered by 3 mm Hg, lactate > 4 mmoL/L or capillary refill 
time > 4 s.11 In their other research, Batton et al. initiated 
hypotension treatment on 203 neonates born between the 
23rd and 26th week of gestation, based on 15 different defi-
nitions of hypotension. In all treated groups, a higher risk 
of IVH occurring and lower survival rate were observed. 
Independently from the moment of administration, cat-
echolamines caused a higher risk of the occurrence of the 
aforementioned complications.12

It is also worth taking into consideration the introduc-
tion of therapies alternative to catecholamine therapy. 
Ibrahim et  al. compared and analyzed the outcomes of 
4 independent studies conducted on a group of 123 pre-
mature infants, concerning the introduction of steroidal 
therapy as an alternative to the use of dopamine as a first-
line medication, and a treatment of hypotension resistant 
to catecholamine therapy.13 According to that research, 
hydrocortisone was as effective a first-line medication as 
dopamine. Additionally, compared to a  placebo, hydro-
cortisone did not statistically affect the risk of IVH occur-
ring and did not increased mortality rate, which probably 
makes it a safer alternative to catecholamines. Currently, 
the permissive hypotension in preterm infants should 
be taken into consideration. A numerical blood pressure 
value lower than gestational age should not be used as the 
only indicator for treating early-period hypotension in 
VLBW. Administrating hypotension treatment should be 
based on the clinical condition of patients.14 Hypotension 
therapy should be carefully thought out, keeping in mind 
the fact that there is increased risk of the adverse short-

term and long-term outcome (neuro-developmental im-
pairment).15,16

AST is administered to women in case of prediction of 
preterm delivery and aims to accelerate fetal lung matu-
ration and therefore reduce the incidence and severity  
of respiratory distress syndrome (RDS). Moreover, a  lot 
of studies agreeably show that it reduces overall neonatal 
mortality (RR 0.69; 95% CI 0.58–0.81). It  is also condu-
cive to circulatory stability in preterm neonates, result-
ing in lower rates of cerebro-ventricular hemorrhage (RR 
0.54; 95% CI 0.43–0.69), necrotizing enterocolitis (RR 
0.46; 95% CI 0.29–0.74), and systemic infections in the 
first 48 hours of life (RR 0.56; 95% CI 0.38–0.85).17 In the 
analyzed population of newborns without AST, the risk of 
IVH stage 3 and 4 increased. In infants born in the 23rd–
24th week of gestation, OR was 1.616 and in infants born 
in the 25th–26th week of gestation it was 1.677. Our anal-
ysis has revealed that in both groups of neonates (those 
born in the 23rd–24th week of gestation and those born 
in the 25th–26th week of gestation), the lack or uncom-
pleted AST is a risk factor of severe IVH. In 70 (63.6%) 
cases, AST was performed. Severe IVH (stage 3 and 4) 
was confirmed in 24 (63.2%) neonates without AST and 
in 14 (36.8%) newborns exposed to AST. A  2006 meta-
analysis of randomized trials of AST in women at risk of 
preterm birth provided strong evidence that IVH is sig-
nificantly reduced when AST was given from the 26th to 
34th week of gestation.17 AST administration before the 
24th week of gestation is still unclear. A 2016 meta-analysis 
of randomized trials of AST before the 24th week of ges-
tation did not demonstrate a reduction of severe IVH.18 
A Japanese retrospective analysis of 11,607 infants born 
in the 22nd to 33rd week of gestation revealed that AST 
exposure was associated with a  significant decrease in 
mortality of preterm infants born in the 22nd to 23rd week 
of gestation. Moreover, AST treatment was extremely ef-
fective at decreasing both IVH and severe IVH in preterm 
infants at the gestational age of 24 to 29 weeks, however 
not in infants born at  <  24th week of gestation.19 Carlo 
et  al.20 included 10,541 newborns with body weight be-
tween 401 g and 1000 g and who were born in the 22nd 
to 25th week of gestation at 23 academic perinatal centers 
in the United States. Infants were categorized as having 
been exposed to AST if their mother received 1 or more 
doses of dexamethasone or betamethasone, or not ex-
posed if their mother did not receive AST. Of the 5691 
infants born between 1993 and 2008 who survived to 18 
to 22 months, 4924 (86.5%) had neuro-developmental as-
sessments performed by certified examiners who were 
unaware of exposure to antenatal corticosteroids. Death 
or neuro-developmental impairment at 18 to 22 months 
was significantly lower for infants who had been exposed 
to AST and were born in the 23rd–25th week of gestation, 
but not in those infants born in the 22nd week of gestation. 
If the mothers had received AST, the following events oc-
curred significantly less in infants born in the 23rd, 24th 
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and 25th week of gestation: death by 18 to 22 months, hos-
pital death, death, IVH, PVL and necrotizing enteroco-
litis. For infants born in the 22nd week of gestation, the 
only outcome that occurred significantly less was death 
and necrotizing enterocolitis.20

If we set together recommendations of AST and the re-
sults of the latest research, we can draw the conclusion 
that AST should be used. Is seems to be reasonable to 
lower the lower limit of AST administration and establish 
it at the 23th week of pregnancy. The multiplicity of evi-
dence on the benefits which arise from AST suggest that 
it is very important to respect the recommendations and 
administer AST routinely if only it is indicated.

It  should be remembered that AST was performed in 
63.6% of women in our study. In 24.1%, contraindication 
for AST administration (chorioamnionitis) was diag-
nosed. In other cases, AST was not given due to urgent 
cesarean section (preterm placental abruption; 27.6%) or 
a  lack of adequate maternity care (48.3%). It  should be 
noted that AST was administered in 42.8% of infants born 
in the 23rd week of gestation and it was performed beyond 
contemporary Polish recommendations.

Lack of or incomplete antenatal steroid therapy in-
creases the probability of development of severe intra-
ventricular hemorrhage. Hypotension therapy with cat-
echolamines should be carefully thought out, keeping in 
mind the increased risk of intraventricular hemorrhage. 
The use of appropriate prophylaxis of perinatal compli-
cations (antenatal steroid therapy for women at risk of 
preterm birth, limiting the indications for the use of cat-
echolamines for hypotension treatment) significantly re-
duces the incidence of intraventricular hemorrhage stage 
3 and 4. The significance of intraventricular hemorrhage 
creates a need to carry out periodical analysis, at the re-
gional level, concerning its incidence, causes and effects 
to improve local treatment outcomes by identifying fur-
ther courses of action.
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Abstract
Background. Ganglions constitute the most common tumor type of the hand and wrist region. They have 
a non-neoplastic character and affect patients of all ages.

Objectives. The purpose of this work was to analyze the epidemiological data of a representative group of 
patients diagnosed with ganglions of the hand and wrist.

Material and  methods. Five-hundred-and-twenty patients operated on for ganglions of the hand and 
wrist between the years 2000 and 2014 were included in the study. For the statistical analysis, STATISTICA v. 
10 was used. Categorical data was analyzed using the χ2. The distribution of two and more independent 
samples was compared through the Mann-Whitney U test and Kruskal-Wallis test followed by pairwise 
comparisons for significant test statistics, respectively.

Results. In the studied group of patients, ganglions affected females more often than males, with a 2.8 : 1 
ratio. No statistically significant differences in age distribution between women and men (median age 38 
vs 40 years) were found. Ganglions affected both sides of the body with comparable equality. Wrist gangli-
ons predominated (76%). The patients diagnosed with hand ganglions were statistically significantly older 
(p < 0.001), and the right hand was affected more often (p = 0.003). A statistically significant difference in 
age distribution between the patients with DWG (dorsal wrist ganglions) and VRG (volar retinacular gangli-
ons) was observed (p < 0.001). DWG affected the left side (p = 0.003) and VRG the right side (p = 0.005) 
of the body more often.

Conclusions. Statistical analysis of our patients confirmed much of the previously published data. Al-
though the diagnosis and treatment of ganglions of the hand and wrist are relatively uncomplicated, the 
pathophysiology of their formation is still waiting to be thoroughly explained.

Key words: tumor, wrist, ganglion cyst, hand, surgical procedure
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Ganglions constitute the most common tumor type 
found in the hand and wrist region.1–3 They have a non-
neoplastic character and usually manifest as solitary, typi-
cally located tumors.3 Ganglions are found in patients of 
all ages, with peak incidence in the 2nd–4th decade of life.1,4 
A  significantly higher incidence in women is typical.1,2 
The  above-cited epidemiological data is derived from 
studies conducted in the past decades.1,2,4

The aim of this work is to describe a large clinical popu-
lation of patients operated on for ganglions of the hand 
and wrist at our institution over a 15-year period. Study 
design: retrospective case series.

Material and methods
The study group was comprised of 519 patients treated 

between 2000 and 2014, in whom a  total of 523 gangli-
ons of the hand and wrist had been removed. Four pa-
tients had multiple lesions, three of whom had the gan-
glions removed during a single procedure: a 20-year-old 
female had 2 volar retinacular ganglions resected from 
her left ring finger, a 25-year-old male had 2 dorsal wrist 
ganglions located on the radial and ulnar sides of his left 
wrist excised and a 67-year-old female patient had 2 gan-
glions arising from the extensor tendon sheath of either 
hand removed. A  37-year-old female had a  dorsal wrist 
ganglion removed from her left wrist and after a month 
she had a  volar retinacular ganglion resected from her 
right middle finger. Since the patient had been operated 
on twice within a pronounced time interval, the ganglions 
were located on both sides of the body and their location 
was different on either side (middle finger, wrist), the total 
number of patients for the needs of statistical analysis was 
calculated to be 520.

The data analysis consisted of:
–  evaluation of the most common ganglion locations 

within the hand and wrist region;
– comparison of patients diagnosed with wrist gangli-

ons with those having ganglions of the hand (percentage, 
gender, age, side of the body);

– assessment of any existing relationship between gan-
glion location and patient gender;

– assessment of any existing relationship between gan-
glion location and patient age;

– assessment of any existing relationship between gan-
glion location and the side of the body.

For the statistical analysis, STATISTICA v. 10 was used. 
Categorical data was analyzed using the c2. The  distri-
bution of two and more than two independent samples 
was compared through the Mann-Whitney U  test and 
Kruskal-Wallis test followed by pairwise comparisons for 
significant test statistics, respectively. The  likelihood of 
committing a type one error was set to 0.05.

This research received approval from the local Bioeth-
ics Committee and from the institution at which it was 

carried out. All procedures performed in this study were 
in accordance with the 1964 Helsinki Declaration and its 
later amendments.

Results
The results of the analysis are presented in Tables 1–7 

and summarized below.
Out of 520  patients included in the study, 136 (26%) 

were males and 384 (74%) were females. The mean age of 
the patients was 41.3 years, the median age was 39.5 and 
the age range was 2–83 years (Table 1). The lesions were 
located on both sides of the body with comparable equal-
ity (the right side – 49%, the left side – 51%). Wrist gan-
glions predominated (76%) and were located more often 
on the dorsal aspect of the wrist than on the volar aspect 
(55% and 21%, respectively). Volar retinacular ganglions 
constituted the most numerous group of the hand gan-
glions, accounting for 20.6% of the total number of the 
lesions (Table  1). Almost half (47%) of all the ganglions 
arising from the tendon sheath were located within the 
middle finger. There was no statistically significant differ-

Table 1. Clinical characteristics of patients treated for ganglions (X – mean; 
SD – standard deviation)

Gender, n (%) female
male

384 (74)
136 (26)

Age (years) X ± SD
median (range)

41.3 ± 16.9
39.5 (2–83)

Side, n (%) right
left

both

253 (48.7)
266 (51.1)

1 (0.2)

Location, n (%) hand
wrist

126 (24)
394 (76)

Location, n (%) DWG1

VWG2

VRG3

EXT4

DIP5

PIP6

CMB7

285 (54.8)
109 (21.0)
107 (20.6)

12 (2.3)
3 (0.5)
2 (0.4)
2 (0.4)

1 dorsal wrist ganglions; 2 volar wrist ganglions; 3 volar retinacular ganglions; 
4 extensor tendon ganglions; 5 distal interphalangeal joint ganglions;  
6 proximal interphalangeal joint ganglions; 7 carpometacarpal boss.

Table 2. Clinical characteristics of the patients with respect to gender

Gender Female Male p

Number, n 384 136

Age (years) X ± SD
median (range)

41.2 ± 17.0
38 (10–83)

41.6 ± 16.7
40 (2–83)

0.731*

Side, n (%) right
left

both

186 (48.4)
197 (51.3)

1 (0.3)

67 (49.3)
69 (50.7)

0 (0)

0.829**

X – mean; SD – standard deviation; *Mann-Whitney U test; **c2 test.



Adv Clin Exp Med. 2017;26(1):95–100 97

ence in age distribution between the groups of female and 
male patients (median age: 38 vs 40  years, respectively; 
Mann-Whitney U test, p = 0.731) (Table 2).

Comparison of the patients treated for ganglions lo-
cated in the hand and in the wrist revealed a higher age 
of the former that reached statistical significance (median 
age: 50.5 vs 37 years, respectively; Mann-Whitney U test, 
p  <  0.001) (Table  3). Moreover, the lesions were found 
more often in the right hand (59.5%) and the left wrist 
(54.8%), with statistical significance (c2 test, p  =  0.003) 
(Table  3). No statistically significant difference between 
females and males was determined with respect to the 
occurrence of ganglions in particular locations (c2 test, 
p = 0.903) (Table 4).

Analysis of patient age with relation to ganglion loca-
tion revealed a statistically significant difference in its dis-
tribution (Kruskal-Wallis test, p < 0.001) (Table 5). Post-
hoc analysis showed a  statistically significant difference 
in age distribution between the patients with dorsal wrist 
ganglions and those diagnosed with volar retinacular 
ganglions (p < 0.001) (Table 5). No statistically significant 
difference in age distribution between the subgroups of 
patients in whom volar retinacular ganglions were located 
in particular fingers of the hand was detected (p = 0.166).

Analysis of the ganglion location revealed a statistically 
significant difference in their distribution between the 
right and left sides of the body (c2 test, p = 0.02) (Table 6). 
Dorsal wrist ganglions were located more often on the 
left side of the body, with statistical significance (48.2% 

Table 3. Clinical characteristics of the patients with respect to ganglion location (X-mean; SD – standard deviation; *c2 test; **Mann-Whitney U test; ***c2 test 
– the case, in which two ganglions of both hands were treated has been excluded from the analysis)

Location Hand Wrist p

Number, n 126 394

Gender, n (%) female
male

95 (75.4)
31 (24.6)

289 (73.4)
105 (26.6)

0.649*

Age (years) X ± SD
median (range)

47.7 ± 17.6
50.5 (2–83)

 39.2 ± 16.2
 37 (10–83)

< 0.001**

Side, n (%) right
left

both

75 (59.5)
50 (39.7)

1 (0.8)

178 (45.2)
216 (54.8)

–

0.003***

–

Table 4. Distribution of ganglion location with respect to patient gender 
(*c2 test)

Gender Female Male p*

Location, 
n (%)

DWG1

VWG2

VRG3

EXT4

DIP5

PIP6

CMB7

212 (55.2)
77 (20.1)
80 (20.8)

9 (2.4)
2 (0.5)
2 (0.5)
2 (0.5)

73 (53.7)
32 (23.5)
27 (19.9)

3 (2.2)
1 (0.7)
0 (0)
0 (0)

0.903

Total 384 136 –

Gender female male p*

Location, 
n (%)

VRG-F13

VRG-F23

VRG-F33

VRG-F43

VRG-F53

7 (8.7)
18 (22.5)
37 (46.3)
11 (13.8)

7 (8.7)

3 (11.1)
4 (14.8)

13 (48.2)
1 (3.7)
6 (22.2)

0.236

Total 80 27 –

1 dorsal wrist ganglions; 2 volar wrist ganglions; 3 volar retinacular ganglions 
(F1 – thumb, F2 – index finger, F3 – middle finger, F4 – ring finger, F5 – little 
finger); 4 extensor tendon ganglions; 5 distal interphalangeal joint gangli-
ons; 6 proximal interphalangeal joint ganglions; 7 carpometacarpal boss.

Table 5. Distribution of patient age with respect to ganglion location

Location Number
n

Age (years)
p*

X ± SD median 
(range)

DWG1 285 38.5 ± 17.3  35 (10–83)A < 0.001

VWG2 109 41.2 ± 12.5 39 (19–68)

VRG3 107 47.6 ± 17.6 51 (2–83)A

EXT4 12 45.5 ± 19.8 36 (23–73)

DIP5 3 64.7 ± 9.2 70 (54–70)

PIP6 2 54.5 ± 6.4  54.5 (50–59)

CMB7 2 37.5 ± 10.6  37.5 (30–45)

Total 520 41.3 ± 16.9  39.5 (2–83) –

1 dorsal wrist ganglions; 2 volar wrist ganglions; 3 volar retinacular 
ganglions; 4 extensor tendon ganglions; 5 distal interphalangeal joint 
ganglions; 6 proximal interphalangeal joint ganglions; 7 carpometacarpal 
boss; A p < 0.05 for post-hoc comparisons; X-mean; SD – standard 
deviation; *Kruskal-Wallis test.

Table 6. Distribution of the body side with respect to ganglion location

Location
Side

p*
right, n (%) left, n (%)

DWG1 122 (48.2) 163 (61.3) 0.02

VWG2 56 (22.1) 53 (19.9)

VRG3 65 (25.7) 42 (15.8)

EXT4 6 (2.4) 5 (1.9)

DIP5 2 (0.8) 1 (0.4)

PIP6 2 (0.8) 0 (0)

CMB7 0 (0) 2 (0.7)

Total 253 266 –

1 dorsal wrist ganglions; 2 volar wrist ganglions; 3 volar retinacular gangli-
ons; 4 extensor tendon ganglions; 5 distal interphalangeal joint ganglions; 6 
proximal interphalangeal joint ganglions; 7 carpometacarpal boss;  *c2 test.



S. Kuliński, et al. Ganglions of the hand and wrist98

vs 61.3%; c2 test, p = 0.003). Volar retinacular ganglions 
were found more frequently on the right side of the body 
(25.7% vs 15.8%; c2 test, p = 0.005). Analysis of the gan-
glions in the remaining locations showed no statistically 
significant difference in their laterality.

Discussion
The statistical analysis of the patients included in our 

study confirmed many of the previously published data. 
Ganglions occurred much more often in women than in 
men, with a ratio of 2.8 : 1. In the article published by Ste-
phen et al., this ratio was 3.1 : 1, in the material presented 
by Aydin et al. it was 3 : 1 and in the patient group studied 
by Abe et al. it was 2.6 : 1.5–7 A  lower female : male ra-
tio was reported by Gang and Makhlouf in their article, 
where in an African population it was 1.5 : 1.8 Singhal 
et al. observed a female : male ratio of 1 : 1. The authors 
concluded, “in India the number of women seeking treat-
ment for elective procedures is quite low due to poverty 
and ignorance”.9 However, in most of the recent publica-
tions, a  higher incidence of ganglions of the hand and 
wrist in women is clearly noticeable.10–18 Although this is 
a well-known fact, no rational grounds for explaining it 
are available. According to Rollins et al., female patients 
are also more predisposed to ganglion recurrence.19

The incidence of ganglions is 43 per 100,000 in women 
and 25 per 100,000 in men and, according to some au-
thors, a further upward trend is observed – 55 per 100,000 
of the population per year.3,12,14

The  mean age of the patients included in our study 
was 41.3 ± 16.9 years and the median age was 39.5 years. 
These numbers were undoubtedly influenced by the fact 
that mainly adult patients are admitted to our ward and 
pediatric patients only sporadically. However, it is worth 
noticing that more than 220 of our patients (above 42%) 
were aged between 20 and 40 years (Fig. 1). Dermon et al. 

reported an even higher percentage of subjects in this age 
group (56.5%). In their study of 119 patients operated on 
for wrist ganglions, the mean age was 37.2 years (range 
14–89.5 years).10 The mean age of 26 patients treated op-
eratively for dorsal wrist ganglions in the study by Sing-
hal et al. was 24 years (range 9–55 years). The ganglions 
were most common in the patients aged between 15 and 
25 years (46.2%) and between 25 and 35 years (30.8%).9 

The  mean age of 40  patients treated surgically for vo-
lar wrist ganglions by Aydin et al. was 32.5 years (range 
18–65 years).6 The age of the patients subjected to ultra-
sonography of ganglions of the hand and wrist by Teefey 
et al. ranged from 8 to 66 years (mean age 36.4 years).16 
The mean age of 24 patients operated on for volar reti-
nacular ganglions by Jebson et  al. was 43  years (range 
21–68 years).17 In another large study of 286 cases treated 
with one of the following three methods: observation, 
aspiration or surgical excision, the mean patient age was 
35.6 years.15 The age of 41 patients treated with arthros-
copy for dorsal wrist ganglions by Rizzo et al. ranged from 
11 to 56 years (mean age 29.8 years).11 The data extracted 
from the literature and analysis of our own clinical ma-
terial allow the conclusion that ganglions are a problem 
affecting mainly young and middle-aged adults. The anal-
ysis of our patients revealed no statistically significant dif-
ferences in age distribution in the groups of female and 
male patients. This is consistent with the findings by Lid-
der et al. The authors, having analyzed 117 cases treated 
operatively for volar retinacular ganglions (77 cases) and 
dorsal wrist ganglions (40 cases), calculated the mean age 
in their 83 female patients to be 41.9 years (range 10.4–
88.7 years) and in 34 male patients to be 40.6 years (range 
9.2–85.7 years).14

In clinical practice, ganglions manifest almost solely as 
solitary (although sometimes multilocular) tumors, and 
multiple lesions located in one or more areas of the body 
are rare.3 Dermon et al. removed a  total number of 124 
wrist ganglions in 119 patients, out of which dorsal wrist 

Fig. 1. Histogram presents the age distribution of patients 
suffering from ganglions
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ganglions constituted 76%.10 In  their ultrasonographic 
study, Teefey et  al. diagnosed 60 ganglions of the hand 
and wrist in 55 patients.16 Jebson et al. resected 25 volar 
retinacular ganglions in 24 patients,17 while Abe et al. ob-
served 139 such ganglions in 128 patients.7 In our mate-
rial, in 516 operatively treated patients, ganglions mani-
fested as solitary lesions. Many other authors described 
only cases of solitary ganglions.6,9,18–20

It is generally acknowledged that ganglions of the hand 
and wrist do not tend to affect one body side more fre-
quently than the other.9,12 Our study confirms this obser-
vation (R/L: 49/51%) for both male and female patients  
(c2 test, p = 0.829).

However, a detailed analysis of the gathered material re-
vealed that ganglions were found more often in the right 
hand (59.5%) and the left wrist (54.8%), with statistical 
significance (c2 test, p = 0.003).

Further analysis of ganglion location demonstrated that 
dorsal wrist ganglions affected the left side of the body 
more frequently, with statistical significance (61.3 vs 
48.2%; c2 test, p = 0.003), while volar retinacular gangli-
ons were found more often on the right side of the body 
(25.7% vs 15.8%; c2 test, p = 0.005).

This is in agreement with the previous observation, 
taking into consideration that dorsal wrist ganglions pre-
dominated in the group of wrist ganglions (285 out of 394 
cases; 72.34%), while volar retinacular ganglions consti-
tuted the largest subgroup of hand ganglions (107 out of 
126 cases; 84.92%).

A comparison of age distribution between patients with 
dorsal wrist ganglions and those with volar retinacular 
ganglions revealed a  statistically significant difference 
indicating a substantially higher age of the patients diag-
nosed with volar retinacular ganglions (Kruskal-Wallis 
test, p  <  0.001). For the above-mentioned reasons, this 
also had an effect on the higher age of the patients with 
hand ganglions when compared to those with wrist gangli-
ons (median age 50.5 vs 37 years; Mann-Whitney U test, 
p < 0.001), a result that also reached statistical significance. 
In summary, in the right upper limb (being the dominant 
limb in most of the patients), the preponderance of hand 
ganglions, mainly deriving from the flexor tendon sheath, 
was observed. Due to the higher mean age in this patient 
subgroup, joint overload could be taken into consideration 
as the underlying cause of ganglion formation. Such sug-
gestions have been previously made by other authors.21 
However, determining a direct connection between volar 
retinacular ganglion formation and the type of patient oc-
cupation or physical activity is very difficult.22

Ganglions of the hand and wrist constitute the group of 
tumors most commonly encountered in general practice.3 
Establishing the diagnosis is relatively easy thanks to their 
certain characteristic features and specific location.1,3

Paradoxically, our knowledge on the pathomechanisms 
underlying formation and further growth of ganglions is 
still very limited. At least several theories aimed at ex-

plaining ganglion pathophysiology exist but all of them 
have certain weaknesses.12,15,23–26

The  first of these theories suggests that a  ganglion is 
a herniation of the joint capsule (herniation of the syno-
vial tissue from the joint). According to this concept, the 
fluid filling the cyst would originate from the joint and 
would be pumped into the cyst through a one-way valve 
mechanism.15,25,27 The weakness of this theory is the lack 
of synovial lining within the cyst. It is also worth noting 
that the cystic fluid differs in thickness and chemical com-
position from intra-articular synovial fluid.27

The second, “capsular rent” theory says that injuries to 
the joint lead to its damage, therefore enabling the leak-
age of synovial fluid into the periarticular tissue. Watson 
et al., in their study published in 1989, suggested that “the 
ganglion is a  secondary manifestation of an underlying 
periscaphoid ligament injury”.28 McKeon et  al., having 
prospectively analyzed a group of 96 patients with symp-
tomatic dorsal wrist ganglions and compared them with 
96 age- and sex-matched healthy individuals in a control 
group, proved that the subjects with symptomatic gan-
glions demonstrated significantly increased rates of gen-
eralized ligamentous hyperlaxity. In  the opinion of the 
authors, this should not be treated as a direct cause and 
effect relationship, but may indicate the possibility of the 
same underlying pathological entity causing both.18 Os-
terman and Raphael demonstrated that the majority of ar-
throscopically-treated dorsal wrist ganglions were found 
in patients with concomitant scapholunate and lunotri-
quetral ligamentous injury. The authors concluded that: 
“increased intercarpal laxity may contribute to ganglion 
cyst formation”.29 Povlsen and Peckett expressed a similar 
opinion that a ganglion is a result of underlying scapholu-
nate pathology or instability.30

Rizzo et  al. reported contradictory findings regarding 
this issue. The authors found no cases of scapholunate lig-
ament instability among 41 patients treated arthroscopi-
cally for dorsal wrist ganglions.11 Similarly, in the material 
published by Lowden et al., the majority of wrist ganglions 
detected on MRI examination were not accompanied by 
ligamentous disruption or soft tissue oedema.23

The  assumption that ligamentous pathology is the 
cause of ganglion formation is controversial. Taking into 
consideration the total incidence of all ganglions – those 
treated surgically, with aspiration or observation as well 
as undiagnosed, asymptomatic lesions, we would need 
to assume that ligamentous hyperlaxity of the wrist is 
a common condition. If it was a systemic problem, gan-
glions should develop as multiple lesions, on both sides 
of the body. It  is also difficult to explain the fact that 
a  high percentage of ganglions spontaneously resolve 
in long-term observation, although ligamentous hyper-
laxity, allegedly underlying their formation, persists.24 
Furthermore, no explanation exists as to why ganglions 
develop mainly in young individuals. Wrist ganglions 
prevail in clinical practice. In  our study, they affected 
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younger patients and were found more often in the non-
dominant limb.

The  third theory proposes that an extra-articular de-
generative process (mucoid degeneration) is the cause of 
both the formation of the cyst and its subsequent direct 
connection to the joint.15,25,27

Another theory claims that persistent joint irritation 
provokes mesenchymal cells to secrete mucin. Small 
pools of mucin join to create the main cyst, around which 
a pseudocapsule lacking synovial lining is formed.27

An MRI study of 103 volunteers conducted by Lowden 
et al. revealed the presence of 53 asymptomatic wrist gan-
glions, measuring averagely 8 × 3 mm. The length of the 
ganglions varied from 3 to 22 mm and their width from 
2 to 10  mm. Seventy percent of the detected ganglions 
were located on the volar side of the wrist.23 This study 
provides evidence that ganglions can also be found in as-
ymptomatic patients. Consequently, the incidence of gan-
glions in the general population is higher than calculated 
on the basis of the analysis of available clinical data on 
patients treated for symptomatic cysts.

Gant et al. stated: “the fact that wrist ganglions are pres-
ent in a  large percentage of asymptomatic individuals 
makes it clear that we do not understand the relationship 
between a ganglion cyst (pathophysiology) and illness be-
haviour (eg. pain and disability)”.24

The  strengths of our research is the large number of 
cases included in the study as well as comprehensive and 
multidirectional statistical analysis of the gathered ma-
terial. The  retrospective character of the study and ho-
mogeneity of the patient group, e.g. with respect to the 
treatment method used, can be considered its major 
weaknesses.

Conclusion
The  results of the statistical analysis conducted were 

consistent with findings reported by other authors, with 
respect to patient age, gender and ganglion location. 
In  our study, ganglions affected females 2.8  times more 
often than males and were evenly distributed between the 
left and right side of the body. Wrist ganglions predomi-
nated over hand ganglions (76 vs 24%, respectively). Wrist 
ganglions were found in younger and hand ganglions in 
older patients, with statistical significance.

It  can be stated that no generally accepted theory ca-
pable of explaining all aspects of ganglion cyst formation 
and further course of the condition is available. Although 
the diagnosis and successful treatment of ganglions of the 
hand and wrist is possible and relatively uncomplicated, 
the pathophysiological mechanisms underlying ganglion 
cyst formation are still waiting to be thoroughly under-
stood and explained.
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Abstract
Background. Sepsis is one of the most common causes of hospitalization and it is characterized by a high 
mortality rate in spite of the great progress in diagnosis and treatment achieved in recent years. Early diag-
nosis of sepsis is one of the most important elements of effective treatment. The clinical symptoms are not 
specific and biomarkers are considered to be useful tools in sepsis diagnostics.

Objectives. The aim of our study was to evaluate the diagnostic value of sCD163 as a marker of sepsis and 
a comparison of it with procalcitonin and neopterin in ICU patients.

Material and methods. Concentrations of PCT, sCD163 and NPT were measured in 52 serum samples 
collected from 30 patients of the Department of Anesthesiology and Intensive Therapy of the University 
Hospital in Wroclaw. Venous blood was collected on the 1st and 3rd day of hospitalization. The Human CD163 
Quantikine ELISA Kit was used to determine the concentrations of sCD163. Neopterin concentrations were 
measured by a Neopterin ELISA kit. PCT was measured at the University Center of Laboratory Diagnostics in 
Wroclaw using an automatic VIDAS® B.R.A.H.M.S. PCT assay.

Results. Our study showed that there was a significant difference between the values obtained in the study 
and the reference group for PCT (p < 0.0001), sCD163 (p = 0.0001) and NPT (p = 0.0001), whereas there 
was no difference observed between the samples obtained on the 1st and 3rd day (p = 0.5129). The area 
under the ROC curve was 0.847, and was comparable to the AUC of procalcitonin (0.840), and slightly 
higher than the AUC of neopterin (0.763), although these differences were not significant (p = 0.2990 and 
p = 0.9329, respectively).

Conclusions. sCD163 and neopterin are promising parameters in the diagnosis of sepsis, and their value in 
the diagnosis of sepsis in critically ill patients may be comparable to procalcitonin.
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Sepsis is a serious medical condition characterized by 
a high mortality rate in spite of the great progress in di-
agnosis and treatment achieved in recent years.1 Annual 
mortality due to sepsis ranges from 30 to 50 cases per 
100,000 people and thus sepsis ranks in the top 10 causes 
of death.1,2 The mortality rate corresponds to the severity 
of the disease and varies from 25–30% in severe sepsis to 
as high as 40–70% in septic shock.2

Early diagnosis of sepsis is one of the most important 
elements of effective treatment.3 Traditional clinical signs 
and symptoms of inflammation and laboratory param-
eters, i.e. body temperature, leukocyte count, erythrocyte 
sedimentation rate (ESR) or even C-reactive protein eleva-
tion, have been found to have low diagnostic accuracy.1,4 
Many biomarkers have been introduced in the diagnosis 
and treatment monitoring of sepsis, but their clinical util-
ity has not yet been clearly determined.1,3 Procalcitonin 
(PCT) has been used commonly, as its diagnostic value is 
relatively well described, although it is not an ideal sepsis 
marker.5 Another marker of potential value in the diagno-
sis of infection is neopterin (NPT), however its value in 
sepsis has not yet been sufficiently evaluated and NPT de-
termination has not been introduced as a routine param-
eter.4 According to the current publications about soluble 
CD163 (sCD163), one can conclude that it is a  marker 
which correlates with common markers of sepsis. It can 
be used as an adjunct to the diagnostic process. Some re-
searchers suggest its usefulness as a prognostic factor.6–8

PCT is synthesized by thyroid gland C cells under physi-
ological circumstances, whereas inflammation stimulates 
other cells to produce this polypeptide. The  PCT level 
starts to rise within 6 h after an inflammation process is 
initiated, reaches maximum values between 12 and 48 h, 
and then returns to normal values if the infection agent 
has been eradicated.5 A  persisting high or continuously 
increasing concentration of PCT suggests a systemic in-
flammatory reaction or septic complication after surgery. 
PCT concentration remains low in local infections with-
out systemic response. There are many reports indicating 
that PCT is preferably induced in patients with sepsis of 
bacterial origin, especially severe sepsis and septic shock. 
Moreover, PCT concentration often correlates with the 
severity of the inflammation. One of the limitations of 
this parameter is the nonspecific increase in many clinical 
states regardless of sepsis, including surgical procedures, 
injuries, heat shock, burns, long-lasting cardiogenic shock 
and severe systemic inflammation process.9 Considering 
these facts as well as the lack of optimal cut-off values for 
PCT for different groups of patients, results should be in-
terpreted cautiously in a sepsis risk assessment.10

Neopterin is excreted by monocytes/macrophages 
mostly in response to interferon gamma stimulation, 
whereas IL-4 (interleukin –  IL), IL-10 and IL-12 inhibit 
NPT excretion.11,12 Neopterin is an early and sensitive 
marker of cellular response but it lacks specificity. It  is 
considered to be a  useful tool in the investigation of 

clinical cases in which cellular response is crucial. Eleva-
tion of NPT often precedes the clinical manifestation of 
inflammation or seroconversion.13 The  correlation be-
tween NPT serum level and the risk of septic complica-
tions has been described.5 Localized infections usually do 
not increase NPT concentration, whereas the process of 
persistent inflammation and systemic infection with the 
activation of cellular response is likely to increase NPT 
level.12 Sepsis is the most common cause of NPT eleva-
tion; moreover, higher NPT concentrations correlate with 
poor prognosis for patients.14

CD163 (cluster of differentiation – CD) is a glycopro-
tein present only on the cell membrane on the surface of 
macrophages and monocytes. It is a member of the scav-
enger receptor cysteine-rich (SRCR) family class B.15,16 
CD163 is a 130 kDa protein consisting of 9 extracellular 
SRCR protein domains which are linked to a short trans-
membrane segment and a short cytoplasmic tail. In vitro 
tests have revealed that glucocorticoids, IL-10 and IL-6 
increase the amount of CD163, while IL-4 and IL-13 do 
not raise the level of CD163 concentration, and TNF-α 
(tumor necrosis factor alpha), IFN-γ (interferon gamma) 
and CXCL4 (CXC chemokine ligand 4) decrease the con-
centration of CD163. Such variable responses to pro- and 
anti-inflammatory mediators suggest that CD163 is ex-
pressed mostly on M2 macrophages. M2 macrophages 
participate in tissue and wound repair, angiogenesis and 
tumor progression. CD163 is not only present as a mem-
brane-bound protein, but also circulates in blood as a sol-
uble CD163 (sCD163) and it is actively released from the 
cell membrane of monocytes and macrophages.16 sCD163 
is present in serum and other body fluids.15 In vitro stud-
ies have also shown that sCD163 secretion by monocytes 
and macrophages might be induced by TLR (toll-like re-
ceptor) or LPS (lipopolysaccharide). Shedding of sCD163 
is equal to TNF-α response to LPS. Oxidative stress also 
leads to significant shedding of CD163. Even without in-
flammatory stimulation, small amounts of sCD163 are 
released to circulation.16 CD163  has been identified as 
a hemoglobin scavenger receptor (HbSR). The receptor is 
capable of capturing haptoglobin-hemoglobin complexes 
(Hp-Hb) formed during intravascular hemolysis. HbSR 
and its ligands are directly involved in the inflammatory 
response.17

Hemoglobin and free heme play an important role in 
the occurrence of sepsis. Pathological agents like hemoly-
sis, DIC and ischemic reperfusion, as well as the toxicity 
and side effects of drugs may lead to a release of hemoglo-
bin and heme. At the same time, oxidation and reduction 
reactions catalyzed by hydrogen peroxide lead to a release 
of oxygen free radicals which results in organ damage. 
It is necessary to remove the hemoglobin and free heme 
in a  short time. Haptoglobin (Hp) takes part in the re-
moval of hemoglobin, and thus it inhibits the reactions of 
oxidative damage and is involved in anti-inflammatory re-
sponse. Hemoglobin can be removed by phagocytic cells 
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only when it is joined in a complex with haptoglobin (Hp-
Hb) and through the CD163.18

sCD163 is a  specific biomarker of macrophages used 
in many clinical conditions such as coronary artery dis-
ease, atherosclerosis, rheumatoid arthritis, cancer and 
multiple sclerosis. It  also plays an important role in the 
detection of inflammation, sepsis, bacteremia, mononu-
cleosis, Crohn’s disease, celiac disease, hemophagocytic 
syndrome, macrophage activation syndrome, acute liver 
failure, burns, preeclampsia in pregnancy and many other 
conditions.15,16 In numerous of these diseases, patients are 
exposed to large amounts of free heme due to intravascu-
lar hemolysis and tissue damage. CD163 is highly efficient 
in the removal of potentially toxic free hemoglobin from 
the circulation and tissues with inflammation, so sCD163 
is to be considered a prognostic marker in many diseases, 
especially inflammatory ones.

Taking into consideration the advantages and limita-
tions of PCT and NPT, we decided to determine the clini-
cal value of serum measurements of sCD163, PCT and 
NPT as indicators of sepsis in critically-ill patients, that 
are at extreme risk of sepsis. Furthermore, the aim of the 
study was to compare their usefulness using ROC (receiv-
er operator characteristic) curve analysis in this specific 
group of patients and to calculate cut-off values, exceed-
ing which indicates elevated risk of sepsis.

Material and methods

Patients

Fifty-four vein blood samples were drawn from 30 pa-
tients of the Anesthesiology and Intensive Care Unit 
(AICU) of the Wroclaw Medical University Hospital. 
Samples were collected twice from each of 24 patients, on 
the 1st and 3rd day of hospitalization in the AICU. Only 
one sample was collected from 6 patients, because 4 pa-
tients died within 3 days and the remaining 2 were trans-
ferred to another hospital. Patient characteristics are pre-
sented in Table 1. All patients were divided into 2 groups 
–  a  study and a  reference group. The  study group con-
sisted of 16 patients with an established diagnosis of sep-
sis at the time of sample collection. The reference group 

consisted of patients in a  severe general condition, who 
didn’t meet the diagnostic criteria of sepsis at the moment 
of material collection. This group included 14 patients.

Material

As material for this study we used serum remaining 
from samples collected for routine laboratory tests from 
patients of the AICU. All serum samples were frozen at 
–20°C and were stored at this temperature until the as-
say except for PCT which was performed immediately as 
a routine test. Use of this material was approved by the 
Bioethics Committee of Wroclaw Medical University.

Measurement of sCD163 concentration

The  CD163 Quantikine ELISA  Kit (R & D Systems, 
Minneapolis, USA) was used to measure the concentra-
tion of sCD163 in serum. The procedure was performed 
according to the manufacturer’s instructions and the sam-
ples were diluted 10-fold according to the manufacturer’s 
recommendations.

Measurement of neopterin concentration

A  Neopterin ELISA  kit (IBL International GMBH, 
Hamburg, Germany) was used to measure the concentra-
tion of neopterin in serum. The procedure was performed 
according to the manufacturer’s instructions.

Procalcitonin concentration

The  concentration of PCT in the serum samples was 
determined as a  routine test in all patients by the Uni-
versity Center of Laboratory Diagnostics in Wroclaw. 
The  measurements were performed via the automatic 
VIDAS® B.R.A.H.M.S. PCT assay (BioMérieux, Marcy 
l’Etoile, France).

Statistical analysis

MedCalc v.14.12.0 (Ostend, Belgium) was used for 
the statistical calculations. The data was described with 
mean, highest and lowest value, standard deviation, me-

Table 1. Patients characteristics, divided into study and reference group according to the diagnosis of sepsis at the moment of sample collection

Characteristics Reference group – patients without sepsis Study group – patients with sepsis

Gender f/m 3/11 4/12

Age (years) mean (range) 63.9 (20–85) 66.8 (38–92)

WBC (G/L) mean (range) 12.59 (5.37–23.56) 14.70 (3.83–29.10)

APACHE II mean (range) 17.93 (10–35) 22 (10–41)

CRP (mg/L) mean (range) 87.96 (1.36–197.07) 187.03 (11.27–413.12)

Number of dysfunctional organs median (range) 2 (0–4) 4 (1–6)

Lactate (mmoL/L) mean (range) 2.43 (0.80–5.50) 3.48 (0.92–8.71)
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dian and D’Agostino-Pearson test for normal distribution. 
A Mann-Whitney rank-sum test for independent samples 
was used for the comparison between groups divided by 
the presence or absence of sepsis. A  Wilcoxon test for 
paired samples was used to compare the values obtained 
on the 1st and 3rd day. A p value < 0.05 was considered sta-
tistically significant. The ROC curves were prepared for 
PCT, sCD163 and NPT and the areas under curves were 
compared using the method of DeLong et al. available in 
the MedCalc software.

Results
Table  2 shows the summarized results for the serum 

procalcitonin, sCD163 and neopterin measurements in 
patients, including the division into two groups.

Comparison of results  
between groups

We  divided the results of the PCT, sCD163 and NPT 
measurements into two groups depending on the day of 
material collection (1st and 3rd day of hospitalization) and 
according to the clinical condition of the patients (with 
or without diagnosis of sepsis at the moment of sample 
collection – study and reference groups). Using the Wil-
coxon test, we found that the differences between the 1st 
and 3rd day of material collection for PCT (p = 0.1005), 
sCD163 (p  =  0.5129) and NPT (p  =  0.4576) were not 
statistically significant. In  contrast, there were statisti-
cally significant differences in PCT (p < 0.0001), sCD163 

(p = 0.0001) and NPT (p = 0.0001) concentration between 
the study and reference groups, which was confirmed by 
a Mann-Whitney test. In Figs. 1, 2, 3, we show a graphi-
cal comparison between the study and reference groups 
including all the results obtained, regardless of the day of 
sample collection.

ROC curves

Considering that there were no differences found in 
PCT, sCD163 and NPT concentrations between the 
groups divided on the basis of the day of hospitalization 
and the total group of patients was relatively small, the 

Table 2. PCT, sCD163 and NPT concentration in all patients, study and reference group

Statistical parameter All patients
(n = 30)

Study group
(n = 16)

Reference group
(n = 14)

Procalcitonin (ng/mL)

Number of measurements 54 29 25

Mean (range) 10.75 (0.05–47.77) 18.42 (0.09–47.77) 1.86 (0.05–9.08)

Median 3.39 14.95 0.61

Distribution normality no (p = 0.0004) yes (p = 0.0667) no (p = 0.0013)

sCD163 (mg/L)

Number of measurements 54 29 25

Mean (range) 0.933
(0.295–1.391)

1.109
(0.295–1.391)

0.673
(0.327–1.290)

Median 1.082 1.257 0.586

Distribution normality no
p < 0.0001

no
p = 0.0023

yes
p = 0.1430

Neopterin (nmol/L)

Number of measurements 54 29 25

Mean (range) 93.35 (5.59–577.82) 138.85 (25.47–577.82) 40.56 (5.59–189.81)

Median 51.49 68.14 16.15

Distribution normality no (p < 0.0001) yes (p = 0.0010) no (p = 0.0002)

Fig. 1. Comparison of PCT concentration between reference and study 
groups. Boxes show the median and interquartile range, whiskers show 
10–90th percentiles. Mann-Whitney test between PCT results in septic and 
non-septic group regardless of the day of sample collection
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ROC curves were prepared on the basis of all obtained 
results, taking into account the established diagnosis of 
sepsis at the moment of sample collection. ROC curves 
for PCT, sCD163 and NPT are showed in Fig. 3.

Comparison of the areas under the curves (AUC) for 
PCT, sCD163 and NPT revealed that there was no statisti-
cally significant difference, so it could be assumed that the 
PCT, sCD163 and NPT have similar diagnostic value in 
assessing the risk of sepsis development in ICU patients. 
The  parameters describing the ROC curves and AUC 
comparison data are shown in Tables 3 and 4.

The most sensitive parameter was the NPT (100%), but 
at the same time it had the lowest diagnostic specificity 
(58.3%). PCT is more specific but less sensitive than NTP, 
whereas sCD163 is characterized by the highest diagnos-
tic sensitivity and specificity in our study group.

Discussion
Early diagnosis of sepsis enables appropriate treatment 

and it is essential in emergency and intensive care units. 
Biomarkers are considered to be useful tools in sepsis di-
agnostics as they make it possible to differentiate the infec-
tion etiology and assess the severity of the inflammation 
process.3 Many studies have proved that procalcitonin is 
the most valuable biomarker, characterized by relatively 
high diagnostic accuracy, but one must remember the nu-
merous limitations of this parameter as a sepsis marker.10 
Another parameter is neopterin, which is a  marker of 
cellular activation in inflammation and its concentration 
is related to the risk of sepsis.5 In spite of many clinical 
studies performed on NPT’s diagnostic value, including as 
a predictor of mortality in sepsis, it still has not been de-
termined what the total benefit is of NPT determination 
for patients and health care units. For these reasons, NPT 
is not a  routinely used parameter. Over the last several 

Fig. 2. Comparison of sCD163 concentration between reference and study 
groups. Boxes show the median and interquartile range, whiskers show 
10–90th percentiles. Mann-Whitney test between sCD163 results in septic 
and non-septic group regardless of the day of sample collection

Fig. 3. Comparison of NPT concentration between reference and study 
groups. Boxes show the median and interquartile range, whiskers show 
10–90th percentiles. Mann-Whitney test between NPT results in septic and 
non-septic group regardless of the day of sample collection

Table 3. ROC curve data for PCT, sCD163 and NPT

Marker AUC Sensitivity (%) Specificity (%) Standard error 95% CI Cut-off value

PCT 0.840  71.4 87.5 0.0542 0.712–0.927  4.58 ng/mL

sCD163 0.847  82.1 91.7 0.0599 0.720–0.932  1.146 mg/L

NPT 0.763 100.0 58.3 0.0708 0.625–0.870 16.4 nmoL/L

Table 4. Comparison of ROC curves

sCD163 vs NPT sCD163 vs PCT PCT vs NPT

Difference between areas 0.0833 0.00670 0.0766

Standard error 0.0802 0.0796 0.0704

95% confidence interval –0.0739 to 0.241 –0.149 to 0.163 –0.0613 to 0.215

z statistic 1.039 0.0842 1.089

Significance level p = 0.2990 p = 0.9329 p = 0.2761
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years, soluble CD163 has been studied by many groups of 
scientists as a potential marker for the diagnosis of sepsis. 
sCD163 concentration is not routinely measured in pa-
tients with suspicion of sepsis and there is still a need for 
a determination of its clinical utility.

The aim of our study was the evaluation of the clinical 
value of sCD163 as a marker of sepsis and a comparison 
of it with procalcitonin and neopterin in a very specific 
group of ICU patients using a comparison of ROC curves 
and the determination of optimal cut-off values. To reli-
ably evaluate the diagnostic value of sCD163 in the diag-
nosis of sepsis, the study group consisted of patients with 
similar clinical conditions and demographics factors to 
the reference group. Patients in both groups were in se-
vere general condition, although the reference group did 
not meet the criteria of sepsis at the moment of sample 
collection.

An elevated concentration of all markers was observed 
in both groups in comparison to the cut-off values sug-
gested by the manufacturers of the tests. Yet there was 
a significant difference between the study and reference 
groups for PCT, sCD163 and NPT, which is shown in 
Figs. 1, 2, 3 (sCD163 median in the reference group was 
0.586 mg/L vs 1.257 mg/L in the study group, p = 0.0001; 
for PCT 0.61 vs 14.95  µg/L, respectively, p  <  0.0001; 
for NPT 16.15  nmoL/L vs 68.14  nmoL/L, respectively, 
p = 0.0001).

There were similar observations made of PCT by Meis-
ner et  al. Their results confirmed the elevation of PCT 
in multi-organ dysfunction syndrome (MODS) and sep-
sis. They observed a correlation with the SOFA scale, and 
usually a  higher concentrations of PCT in patients that 
died due to MODS or sepsis than in survivors.19 Also, 
Sudhir et al. have confirmed the increase of the SOFA re-
sult with increasing PCT concentration, but their study 
revealed no correlation between PCT and the severity of 
sepsis or mortality rate.20

Neopterin’s usefulness in sepsis was evaluated by Ploder 
et al. in a study that included patients after severe trauma 
and patients with sepsis, and they confirmed the eleva-
tion of NPT levels in these patients.21 In a retrospective 
study by Fisgin et  al., NPT was assessed as a  marker of 
mortality in patients with sepsis. Their results confirmed 
significantly higher concentrations of NPT in patients 
that died of sepsis (median 15 ng/mL) than in survivors 
(median 5  ng/mL, p  =  0.03).22 Also, other clinical stud-
ies performed in ICU patients with sepsis, septic shock, 
MODS or infection have revealed that NPT makes it pos-
sible to distinguish between patients with confirmed in-
fection and those without septic complications.11,23

Our results also show that the concentration of sCD163 
was higher in the study than in the reference group. Me-
dian concentration in the study group was 1.257  mg/L 
and it was 2  times higher compared to the reference 
group (0.586  mg/L). The  AUC value for sCD163 was 
0.847. Based on a ROC curve analysis, the cut-off value 

was 1.146 mg/L with a diagnostic sensitivity of 82.1% and 
specificity 91.7%. Despite the relatively small group of 
patients, our results suggest a  potential high diagnostic 
value of sCD163 measurements in sepsis diagnosis.

Feng et al. achieved similar results while measuring the 
concentration of sCD163 in the serum of 102 patients with 
sepsis and 30 patients with SIRS without infection in the 
aim of sepsis diagnosis, evaluation its severity and further 
prognosis. On the first day of hospitalization, the concen-
tration of sCD163 in the septic patients was 2.51  times 
higher than in the patients with SIRS (p = 0.001). The au-
thors noticed the maximum concentration on the third 
day of hospitalization, then a  slow reduction in the fol-
lowing days. According to the authors, if the concentra-
tion doesn’t decrease it means a worse prognosis for the 
patient. In our study there was no significant difference 
in concentration between the first and the third day of 
hospitalization, which could be the consequence of sta-
bilizing the patients’ condition. The  ROC curve analy-
sis by Feng et al. for the ability to discriminate between 
SIRS and sepsis showed that the area under the curve of 
sCD163 was 0.856. The cut-off value was 1.49 mg/L with 
a  sensitivity of 74% and a  specificity of 93.33%. In  the 
 present study we obtained higher diagnostic sensitivity 
but slightly less diagnostic specificity for a  similar cut-
off value. The  authors also evaluated the usefulness of 
sCD163 concentration for the diagnosis and prognosis 
of sepsis. Their results suggest that sCD163 has clinical 
value for the recognition and prognosis of sepsis. The re-
searchers also showed that on the first day of hospital-
ization the concentration of sCD163 in the serum of sep-
tic patients was significantly higher than in the patients 
with SIRS; additionally it better indicates sepsis diagnosis 
than the routinely-used PCT and CRP. sCD163 could be 
a valuable parameter as a specific and sensitive marker of 
infection. sCD163 is also a good indicator of the severity 
of sepsis and its monitoring.6

Also, a  similar level of increase of the concentration 
of sCD163 as in this study was observed by Møller et al., 
who assessed the value of this parameter in patients with 
pneumococcal bacteremia (positive blood cultures for the 
presence of Streptococcus pneumoniae). They received 
1.7  times higher concentrations of sCD163 in the study 
group compared to healthy subjects (p < 0.0001). The con-
centration of sCD163 was significantly increased in septic 
patients (median 4.6 mg/L) compared to healthy persons 
(median 2.7 mg/L). The study also showed that there is 
no difference in the concentrations of sCD163 depending 
on gender. However there is an age-related difference be-
cause the concentrations of sCD163 in older patients was 
lower. This observation may be one of the reasons for the 
relatively lower concentrations of sCD163 obtained in this 
study, but due to the small size of the group, the analysis 
in the age subgroups was not credible. The  ROC curve 
for predicting the risk of death made by Møller et al. was 
characterized by the AUC = 0.82 with sensitivity 82% and 
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specificity 79% and it indicated a high diagnostic value for 
this parameter in the assessment of the risk of death.24

Slightly less diagnostic value than in this study was 
found by Su et al. who, in their work, defined the diag-
nostic value of sCD163 based on research carried out in 
the ICU in 100 septic patients and 30 patients with SIRS. 
These authors obtained an AUC for sCD163 of 0.696. 
The concentration of sCD163 in the septic patients was 
significantly higher (2.52 times) than in the patients with 
SIRS (p < 0.001). Based on the ROC curve analysis, the 
specified cut-off value was 2.84 mg/L with a sensitivity of 
53.5% and specificity of 78.9%. This cut-off value is higher 
than in our study, but it should be taken into consider-
ation that the values obtained in ELISA are affected not 
only by the composition of the study group but also by as-
say characteristics i.e. antibodies specifity, linearity, limit 
of quantification, precision and accuracy. Moreover, Su 
et al. observed that the median of the concentrations of 
sCD163 increased during hospitalization in patients who 
did not survive, while in survivors there was a decreasing 
tendency. According to the authors, the concentration of 
sCD163 has a positive diagnostic value for the prognosis 
and assessment of the disease dynamics.7

Definitely a higher level of increase of the concentration 
of sCD163 was found by Kjærgaard et al., who observed 
changes in the concentration of sCD163 during a 4-day 
stay in a hospital ward in 21 septic patients compared to 
15  patients without sepsis and a  control group (healthy 
people). During the 4 days, the concentrations of sCD163 
were higher (3.44  times) in patients with sepsis than in 
those without sepsis (p  <  0.001). The  AUC of the ROC 
curve prepared by the authors to distinguish sepsis was 
0.95. The cut-off value was 1.74 mg/L with a high sensitiv-
ity and specificity, both equaled 93%. The results reported 
by Kjærgaard et al. showed the high diagnostic value of 
sCD163. In this study we also demonstrated statistically 
significant differences between the concentrations of 
sCD163 in the study group (patients with sepsis) and the 
reference group (patients without sepsis, in severe condi-

tion), but the AUC (0.847), sensitivity and specificity was 
lower than in the Kjærgaard et al. publication.25

Abdelrahman et  al. likewise analyzed the concentra-
tions of sCD163 in ICU patients, which were divided into 
a study group (patients with sepsis) and a reference group 
(patients with SIRS). Based on the results obtained, the 
authors checked the diagnostic value of sCD163 in the 
diagnosis of sepsis and in the assessment of its sever-
ity. The  researchers received a  similar level of increase 
of sCD163 concentration as in this study. The  septic 
patients had an average of 2.9  times higher concentra-
tions of sCD163 than the patients with SIRS (p < 0.001). 
The cut-off value obtained from the ROC curve analysis 
was 5.36 mg/L with a sensitivity of 93.5% and specificity of 
90.2%, which confirmed the high diagnostic value of this 
parameter in sepsis diagnosis. The authors didn’t specify 
the AUC value in their publication.8

A lower diagnostic value was found by Ingels et al., who 
determined the concentrations of sCD163 in seriously ill 
patients. They obtained 1.65 times higher values in com-
parison with healthy people (p < 0.0001). The authors ob-
served a relationship between the presence of sepsis and 
the concentration of sCD163; patients with sepsis rec-
ognized at the moment of admission to the hospital had 
1.29  times higher concentrations than patients without 
sepsis (p < 0.0001). The researchers didn’t show in their 
work on the ROC curve for the differentiation of sepsis, 
only for predicting mortality (AUC = 0.68).26

Definitely different results were found by Gaïni et  al. 
who, in 2006, assessed the concentrations of sCD163 in 
patients with a  community-acquired infection. The  ref-
erence group consisted of healthy people, and the me-
dian concentration of sCD163 in this group was 1.9 mg/L 
(range: 0.4–4.7  mg/L). The  ROC curve analysis showed 
that the AUC was low, equal to 0.58, and there weren’t 
statistically significant differences between the studied 
groups of patients. The authors concluded that the con-
centrations of sCD163 did not differentiate patients with 
the infection from those without the infection.26 In 2008, 
Gaïni et  al. determined the concentrations of sCD163 
in patients with sepsis and SIRS. In  septic patients, the 
concentrations were higher than in the control group 
(p < 0.0001), however there wasn’t a statistically-signifi-
cant difference between patients with sepsis and SIRS.28

In the publications mentioned above, the authors deter-
mined the concentrations of sCD163 in serum samples, 
but this parameter is also very efficient when measured 
in urine. The study by Su et al. revealed that in septic pa-
tients the concentration was 2.34  times higher than in 
patients with SIRS (p  <  0.001). In  the reference group, 
the concentration was undetectable. The  AUC of ROC 
prepared to distinguish SIRS from sepsis was 0.83 with 
a sensitivity of 82.5% and specificity of 75%, and the cut-
off value was equal to 0.043 mg/L. Moreover, the results 
correlated with the concentrations of sCD163 in serum 
(r = 0.511; p < 0.001).18

Fig. 4. PCT, sCD163 and NPT ROC curves
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In conclusion, the assumptions of this study were con-
firmed by the results obtained. Based on the above-men-
tioned publications and the results received, sCD163 is 
a promising parameter, however its clinical utility has not 
yet been adequately determined. Similarly, neopterin, de-
spite a relatively high sensitivity, hasn’t been introduced 
as a  routine laboratory parameter. In  some cases, mea-
surement of the concentration of NPT and in particular 
sCD163 provides valuable information for diagnosis, as 
shown in the above-mentioned reports, so there is a ne-
cessity to investigate these parameters and specifically de-
termine their diagnostic usefulness. Both markers could 
be an additional parameters to PCT in order to make di-
agnosis easier and accelerate therapeutic decisions.
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Abstract
Background. Atrial fibrillation (AF) is associated with endothelial dysfunctions.

Objectives. The aim of the study was to assess the influence of the duration of an AF episode on the 
endothelial function.

Material and methods. The study included 65 patients with persistent AF qualified for the percuta-
neous pulmonary veins isolation. Patients were divided into three subgroups with increasing time of the 
duration of AF episode, as follow: ≤ 7 months (n = 24 patients), from 7 to 14 months (n = 18 patients) 
and ≥ 14 months (n = 23 patients). Concentrations of endothelin-1 (ET-1), thrombomodulin (TM) and 
VEGF in serum were measured.

Results. Median age in the whole study group was 56 years with 84.6% of males. Patients with longer 
lasting AF episode had a higher body mass index and less incidence of heart failure. Median values of ET-
1, TM and VEGF were 3.1 (2.5–3.5) pg/mL, 3126.0 (2827.2–3594.1) pg/mL and 464.6 (323.6–630.1), 
respectively. Among increasing tertiles of AF episode duration, median ET-1 serum concentrations were 
as follows: 3.3 (2.8–3.7) pg/mL, 3.06 (2.6–3.4) pg/mL, 2.7 (2.3–3.2) pg/mL, p = 0.019, respectively. 
There was also a trend towards negative association of serum VEGF level with AF episode duration. Serum 
biomarkers’ levels were not associated with total AF duration.

Conclusions. AF episode duration may be associated with the endothelial function, assessed by serum 
biomarkers. ET-1 serum concentrations are significantly lower in patients with longer AF. ET-1, TM and VEGF 
have no correlation with total AF duration.

Key words: VEGF, endothelin-1, atrial fibrillation, thrombomodulin, endothelial function
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Introduction
Endothelium, the innermost layer of the vessels, is 

responsible for the proper functioning of the cardio-
vascular system. Its paracrine and endocrine signaling 
regulates the blood flow, local inflammation response 
and hemostasis. Endothelial function assessment may be 
a part of risk stratification in patients with cardiovascular 
diseases.1

Numerous techniques are used for endothelial function 
evaluation. One of them is the assessment of serum level 
of endothelium-related biomarkers. Endothelin type  1  
(ET-1), protein synthetized and secreted by endothe-
lial cells is a specific and sensitive marker of endothelial 
dysfunction.2 It  promotes vasoconstrictions, activates 
platelets and also influences on myocardial fibrosis.3 

 Endothelial function is also strictly connected with 
thrombomodulin (TM) serum level, which is elevated 
during endothelial cells damage. This surface protein has 
significant anticoagulant properties, which balance pro-
coagulant activities of endothelial dysfunction.4 Vascular 
endothelial grow factor (VEGF) plays a potent role in an-
giogenesis, endothelial cells proliferation and nitric oxide 
synthesis by endothelial cells.5 Decreased VEGF serum 
level is the marker of abnormal endothelial function.

Atrial fibrillation (AF) is the most common supraven-
tricular arrhythmia, which occurs in 1.5–2% of popula-
tion.6 Moreover, AF is one of the cardiovascular diseases 
in which endothelial dysfunction is well proven.7 Previous 
studies have shown that abnormal endothelial function 
predisposes the patient to atrial tissue fibrosis, which is 
a dominant factor responsible for the conversion of par-
oxysmal to persistent form of the arrhythmia.8 However, 
there is no data on endothelial function changes connect-
ed with AF.

The  aim of the presented study was to check the po-
tential influence of AF duration on endothelial function, 
assessed with the serum biomarkers’ levels. Influence of 
total AF duration on endothelial function was addition-
ally assessed.

Material and methods

Study population

Endothelial function was prospectively evaluated in 
a  group of 65 consecutive patients with persistent AF, 
qualified for the percutaneous pulmonary veins isolation 
between April 2013 and December 2014. According to 
current guidelines of the European Society of Cardiology, 
persistent AF was defined as AF episode lasting longer 
than 7  days or terminated by cardioversion.9 Inclusion 
of the patients was limited to the cases with AF episode 
lasting longer than 7 days. Qualification for invasive treat-
ment of AF was based on the guidelines of the European 

Society of Cardiology.9 Exclusion criteria included: neo-
plastic disease and persistent inflammatory state.

The  study was approved by Ethical Review Board 
(35/2013).

Clinical assessment during hospitalization

All data according to clinical state, medical history and 
concomitant diseases was obtained during the hospitaliza-
tion during which percutaneous pulmonary veins isolation 
was performed. The  baseline laboratory tests included: 
blood cell morphology, ion levels, liver enzymes activities, 
creatinine concentration and coagulation tests. The base-
line characteristics of patients are presented in Table 1.

Duration of atrial fibrillation episode 
and total atrial fibrillation duration

Data concerning the duration of atrial fibrillation epi-
sode and total atrial fibrillation was based on patients’ 
interviews and medical documentation. To  analyze the 
trends for the concentrations of endothelial function bio-
markers, patients were divided into three groups consis-
tent with the duration of AF episode tertiles and the total 
duration of AF tertiles. In the case of a lack of data about 
the duration of last AF episode or total AF, patients were 
excluded from the particular analysis.

Measurements of the biomarkers’ levels

Venous blood samples (5 mL) were collected at the begin-
ning of the ablation procedure from the vascular sheet placed 
in the femoral vein. After clotting, all samples were centri-
fuged for 15 min at 1000 × g. Serum was removed from the 
sample directly after centrifugation and stored at the temper-

Table 1. Baseline characteristics of the study group

Study group (n = 65)

Age (years) 56 (49–58)

Male 55 (84.6%)

BMI, kg/m2 30.1 (26.9–32.7)

White blood cells, 1000/mcL 7.09 (6.43–9.02)

Creatinine, mg/dL 1.02 (0.91–1.13)

History of PVI 17 (26.2%)

Coronary disease 6 (9.2%)

Hypertension 39 (60.0%)

Dyslipidemia 22 (33.8%)

History of stroke 3 (4.6%)

Diabetes  8 (12.3%)

Heart failure 3 (4.6%)

Lone AF  9 (13.8%)

History of thyroid disease 14 (21.5%)

AF – atrial fibrillation; BMI – body mass index; PVI – pulmonary veins 
isolation; values are median (interquartile range) or n (%).
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ature of ≤ –20°C until the end of patients’ enrollment. When 
recruitment of the patients was finished, all serum samples 
were defrosted and particular assays were performed. Con-
centrations of ET-1, TM and VEGF were measured using 
the QuantiGlo Human Endothelin-1 Chemiluminescent Im-
munoassay (R & D Systems Inc., USA), the Quantikine Hu-
man Thrombomodulin Immunoassay (R & D Systems Inc., 
USA) and the QuantiGlo Human VEGF Chemiluminescent 
Immunoassay (R & D Systems Inc., USA), respectively. All 
obtained values were sufficient for the assay ranges.

Statistical analysis

Continuous variables were presented as mean value ± stan-
dard deviation or as a median and interquartile range (IQR), 
when normally or non-normally distributed, respectively. 
Normal distribution of variables was assessed using the Shap-
iro-Wilk test. Categorical data was presented as absolute and 
relative frequencies. Statistical significance of trends across in-
creasing duration of AF episode and total AF was assessed: for 
quantitative variables with Jonckheere-Terpstra test and for 
qualitative variables – with Cochran-Armitage test for trend. 
A  value of p < 0.05 was considered significant for all tests. 
 Statistical analysis was performed using SAS® software, v. 9.4.

Results
A  total of 65  patients were included in the analysis. 

The median age was 56 (49–61) years with 84.6% of males. 
Median durations of last AF episode and total AF were 10 
(6–19) ranged from 1 to 72 years and 49 (31–72) ranged 
from 3 to 240 years, respectively. Median values of ET-1, 
TM and VEGF were 3.1 (2.5–3.5) pg/mL, 3126.0 (2827.2–
3594.1) pg/mL and 464.6 (323.6–630.1), respectively.

Comparison of the groups based on the 
duration of atrial fibrillation episode

The analyzed group was divided into 3 subgroups by 
increasing time of the duration od AF episode. To obtain 
closest to equal number of patients in each subgroup we 
used time ranges as follows: ≤ 7 months (n = 24 patients), 
from 7 to 14 months (n = 18 patients) and ≥ 14 months 
(n = 23 patients). In patients with longer lasting AF epi-
sodes we observed a higher body mass index (BMI), less 
incidence of heart failure and trends towards less fre-
quent usage of calcium channels blockers, angiotensin II 
receptor blockers, aldosterone antagonists and diuretics. 
Full comparison of the formed subgroups is presented in 

Table 2. Comparison of groups consistent with duration of AF episode tertiles

Group 1 (n = 24) Group 2 (n = 18) Group 3 (n = 23) p-value

AF episode duration, years 4 (2–6) 11 (8–12) 27 (18–42) < 0.001

Age (years) 55 (46–58) 57 (53–64) 56 (50–58) 0.160

Male 19 (79.2%) 15 (83.3%) 21 (91.3) 0.250

BMI, kg/m2 32.3 (29.2–33.6) 29.1 (26.0–32.1) 29.6 (26.3–32.1) 0.049

White blood cells, 1000/mcL 7.09 (6.6–8.9) 7.4 (6.5–8.7) 7.1 (6.3–9.3) 0.951

Creatinine, mg/dL 1.03 (0.9–1.1) 1.1 (1.0–1.2) 1.0 (0.8–1.1) 0.252

History of PVI  8 (33.3%)  5 (27.8%)  4 (17.4%) 0.217

Coronary disease 2 (8.3%)  2 (11.1%) 2 (8.7%) 0.963

Hypertension 18 (75.0%)  9 (50.0%) 12 (52.1%) 0.107

Dyslipidemia  7 (29.2%)  8 (44.4%)  7 (30.4%) 0.916

History of stroke 1 (4.2%) 1 (5.6%) 1 (4.4%) 0.947

Diabetes  4 (16.7%)  2 (11.1%) 2 (8.7%) 0.408

Heart failure  3 (12.5%) 0 (0.0%) 0 (0.0%) 0.042

Lone AF  3 (12.5%)  2 (11.1%)  4 (17.4%) 0.632

History of thyroid disease  6 (25.0%)  2 (11.1%)  6 (26.1%) 0.939

Pharmacotherapy

Beta-adrenolytic 19 (79.2%) 15 (83.3%) 19 (82.6%) 0.749

Calcium channels blockers  8 (33.3%)  3 (16.7%)  3 (13.0%) 0.092

ACEI 15 (62.5%)  7 (38.9%) 11 (47.8%) 0.309

ARB  4 (16.7%)  3 (16.7%) 0 (0.0%) 0.069

Statins  7 (29.2%)  7 (38.9%)  5 (21.7%) 0.587

Aldosterone antagonists 2 (8.3%) 0 (0.0%) 0 (0.0%) 0.099

Diuretics  6 (25.0%)  3 (16.7%) 1 (4.4%) 0.052

ACEI – angiotensin-converting-enzyme inhibitors; AF – atrial fibrillation; ARB – angiotensin II receptor blockers; BMI – body mass index; PVI – pulmonary veins 
isolation; atrial fibrillation episode duration – group 1: ≤ 7 months; group 2: 7–14 months; group 3 ≥ 14 months. Values are median (interquartile range) or n (%).
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Table 2. Our analysis showed a significant, negative asso-
ciation of AF episode duration and ET-1 serum concen-
trations. Among increasing tertiles of AF episode dura-
tion, median ET-1 serum concentrations were as follows: 
3.3 (2.8–3.7) pg/mL, 3.1 (2.6–3.4) pg/mL, 2.7 (2.3–3.2) 
pg/mL, p = 0.019, respectively. There was no statistically 
significant association between AF episode duration and 
two other biomarkers serum concentration. However, in 
subgroups we observed a trend towards negative associa-
tions of serum VEGF level with AF episode duration: 584.9 
(433.0–676.2) pg/mL, 379.2 (267.0–537.1) pg/mL and 
439.3 (346.4–573.9) pg/mL, p = 0.077, respectively. Serum 
levels of ET-1, TM and VEGF are presented in Fig. 1.

Endothelial function in groups based 
on total atrial fibrillation duration

Information about total AF duration was obtained 
in 59  patients. To  assess the influence of total AF du-
ration on endothelial function biomarkers concentra-
tions, we divided the analyzed group into three equal 
subgroups based on AF duration criteria:  ≤  44  months 
(n = 21 patients), from 44 to 72 months (n = 18 patients) 
and ≥ 72 months (n = 22 patients). Comparison of sub-
group revealed no statistically significant differences 
between the subgroup according to clinical characteris-
tics, laboratory test results and pharmacotherapy. There 
was only a trend towards lower usage of calcium channel 
blockers in patients with longer lasting AF. We observed 
no significant differences in ET-1, TM and VEGF serum 

concentrations between groups. However, patients with 
longer lasting AF presented lower levels of ET-1 and TM 
(Table 3).

Discussion
To the best of our knowledge, this is the first study de-

scribing the effects of AF episode duration on endothe-
lial function. The  main finding of this study is that the 
duration of AF episode may influence the endothelial 
function, assessed by serum concentration of biomark-
ers. Moreover, we indicated no association between total 
atrial fibrillation duration and endothelial function.

ET-1, because of its pro-fibrotic properties, may lead to 
atrial remodeling. Previous studies demonstrated also the 
influence of endothelial dysfunction on electrical remod-
eling.9 Both of these factors contribute to AF chronicity.10 
However, there is still not enough data focusing on endo-
thelial dysfunction in chronic form of AF.

The  effect of long lasting AF episode on ET-1 serum 
concentrations presented in the study seems to be unex-
pected. Because relatively short plasma half-life of ET-1 
(about 1.5  min), the elevated serum level of this bio-
marker in the cardiovascular diseases seems to be asso-
ciated with increased gene expression.11,12 Mayyas et  al. 
analyzed the left atrial appendage (LAA) tissue collected 
during cardiac surgery procedures to show a higher ET-1 
concentration in the group of patients with permanent AF 
then with paroxysmal AF.13 However, there was no sig-

Table 3. Comparison of groups consistent with duration of total atrial fibrillation tertiles

Group 1 (n = 21) Group 2 (n = 18) Group 3 (n = 20) P-value

Endothelin-1 (pg/mL) 3.2 (2.7–3.7) 2.8 (2.5–3.5) 2.9 (2.3–3.2) 0.085

Thrombomodulin (pg/mL) 3239 (2870–4016) 3074 (2827–3444) 3023 (2497–3392) 0.057

VEGF (pg/mL) 544.3 (323.6–579.4) 578.5 (416.0–769.9) 421.7 (263.1–630.1) 0.994

Duration of AF (months) 24 (24–36) 60 (48–60) 108 (72–132) < 0.001

AF – atrial fibrillation; VEGF – vascular endothelial growth factor; atrial fibrillation episode duration – group 1: ≤ 44 months; group 2: 44–72 months; 
group 3 ≥ 72 months. Values are median (interquartile range).

Fig. 1. Concentrations of biomarkers in subgroups divided by duration of atrial fibrillation episode tertiles (VEGF – Vascular Endothelial Growth Factor). Atrial 
fibrillation episode duration – group 1: ≤ 7 months; group 2: 7–14 months; group 3 ≥ 14 months. Boxes present median and interquartile range values.
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nificant difference between ET-1 tissue concentrations in 
persistent and paroxysmal AF patients. Partially, higher 
ET-1 level may be related to the prevalence of concomi-
tant diseases in the group of patients with permanent AF. 
Previous studies showed no relation between successful 
cardioversion of persistent AF and short-term reduction 
of ET-1 concentration.14 However, Dezsi et al. presented 
a  rapid decrease of ET-1 level after catheter ablation or 
modification of atrio-ventricular junction due to supra-
ventricular arrhythmias.15 The  authors suggest that the 
heart rhythm is strictly associated with serum ET-1 level. 
Therefore, a longer lasting episode of AF may result in the 
adaptation to potential tachyarrhythmia and also in the 
reduction of ET-1 synthesis.

Mondilo et  al. presented that the serum level of TM 
is significantly higher in patients with chronic, non-
rheumatic AF compared with control subjects with sinus 
rhythm.16 By its anticoagulant properties, TM plays an im-
portant role in the prevention of thromboembolic events, 
which are essential a complication of AF.6 The lower se-
rum level of TM is associated with endothelial dysfunc-
tion and also with an increased procoagulant state. In the 
presented study we did not reveal a significant correlation 
between the duration of the AF episode and TM serum 
level. According to our results, it seems that coagulant 
properties measured by TM concentration may not be as-
sociated with the duration of chronic arrhythmia.

VEGF has vast effects in patients with AF. It promotes 
an inflammatory response, endothelium proliferation, 
angiogenesis and also plays a dual role in the coagulant 
pathway.17,18 Scridon A, et al. assessed the VEGF level in 
particular parts of the vascular system in patients with 
AF.19 Serum concentration of VEGF in the left atrium was 
significantly higher in patients with paroxysmal AF, com-
pared with control subjects. Interestingly, the VEGF levels 
in patients with persistent AF and control subjects were 
similar. Authors colligated higher concentrations of VEGF 
with pulsatile vascular and atrial stretch. In patients with 
persistent AF, due to atrial fibrosis, pulsatile stress is de-
creased. It may results in lower concentrations of VEGF. 
Results of our study confirmed this theory. We observed 
a trend toward lower VEGF serum levels in patients with 
longer lasting AF episode.

The presented study indicated that the duration of AF 
episode may be associated with endothelial function, as-
sessed by serum biomarkers. ET-1 serum concentrations 
were significantly lower in patients with longer episodes 
of AF. We did not find correlations between endothelial 
function and total AF duration.

Study limitations

One of the main limitations of the presented study 
was the precise assessment of AF episodes duration. 
We tried to obtain this data based on medical documen-
tation. However, this was not possible for every patient. 

In  these situations, the medical history, including per-
formed procedures and symptoms of the arrhythmia, 
was collected.

Authors were also faced with the inability to create three 
groups with equal number of patients consistent with the 
duration of the AF episode. This situation was associated 
with the inclusion of patients with the same duration of 
AF episodes. However, methods of subgroup formation 
were planned to obtain the maximal equality of the num-
ber of patients inside the groups.

A certain restriction of our research was the small size 
of the groups. Probably because of the association of se-
rum VEGF level with AF episode, the duration did not 
reach statistical significance.

Obviously some of concomitant diseases may influence 
the endothelial function. To reduce this bias, the authors 
focused on a group of patients with persistent AF treated 
with pulmonary veins isolation. Patients who qualified 
for this procedure are relatively young and the incidence 
of diseases, which can influence endothelial function, 
is low.
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Abstract
Background. Thrombotembolic complications are the leading cause of mortality in essential thrombocy-
themia (ET), but the definition of thrombotic risk remains far from clear.

Objectives. The aim of this study was to evaluate the prognostic markers for thrombosis to identify ET 
patients at risk.

Material and methods. Forty-five consecutive patients with ET were studied. This group was divided into 
two subgroups ET patients with (A) and without (B) history of thrombosis. Each patient has been tested for 
complete blood count, fibrinogen, factor VIII, D-dimer, protein C, APCR, TAT and F1+2. JAK2 mutation was 
assessed by RT-PCR. Factor V Leiden and prothrombin genes mutations were screened by DNA sequencing.

Results. The median age of ET patients was 62.0 years. JAK2 mutation was found in 24 patients, 21 of 
them had a history of thrombotic events, and 17/21 were JAK2 positive. Compared to controls, ET patients 
had a significantly higher WBC and PLT counts, and higher mean platelet volume (MPV), but not Hgb level 
or RBC count. In ET subgroup A, apart from changes seen in the whole ET, the Hgb level, RBC count, and 
Hct were also significantly elevated. Interestingly, the MPV was significantly larger in subgroup A, but not 
in B. Fibrinogen and D-dimers levels were significantly higher in ET group than in controls, but not F1+F2 
or TAT. The results of hemostatic tests did not markedly differ between subgroups A and B. APCR was found 
in 5/45 patients with ET, and 2 out of 5 had a factor V Leiden heterozygous mutation. No prothrombin gene 
mutation was observed.

Conclusions. Our results suggest that MPV can serve as a simple test for assessing the hypercoagulable 
state in ET patients. It has been confirmed that JAK2 mutation and leukocytosis are independent predictors 
for thrombotic events in ET patients.

Key words: essentials thrombocythaemia, thrombosis, JAK2 mutation, platelets, leukocytes
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Introduction
Essential thrombocythemia (ET) is a stem cell disorder 

whose distinguishing characteristic is a markedly elevated 
platelet count caused by excessive megakaryocyte prolif-
eration. The  activating JAK2V617F mutation is seen in 
nearly 60% of ET patients1, CALR mutation in about 20–
25%, c-MPL gene mutation in a  few percent, and about 
10% to 25% are defined as “triple negative”.2,3 An annual 
incidence rate in the United States is approximately 0.5 to 
1.5 cases per 100,000 persons per year. The median age at 
diagnosis is approximately in the mid-seventh decade of 
life, but it can occur cross in all age groups, and there is 
a 1.5 to 2-fold female predominance, especially in those 
diagnosed in the third to fifth decade of life.

Thrombotic complications are present at diagnosis in 
about 9–22% of patients. Thromboembolic risk has been 
associated with age (>  60  years), prior thrombosis, leu-
kocytosis, and possibly also with JAK2V617F mutation.4

Morbidity and mortality from ET in the first decade of 
the disease are predominantly related to thrombotic, va-
somotor, and less commonly, to hemorrhagic complica-
tions. Long standing ET can progress to myelofibrosis or 
acute myeloblastic leukemia.5

Material and methods
This study included 45 consecutive patients with essen-

tial thrombocythemia (ET) attending the out-patient clin-
ic at the Department of Hematology, Blood Neoplasms, 
and Bone Marrow Transplantation in Wroclaw, Poland. 
The diagnosis of ET was made on the basis of the 2008 
World Health Organization criteria.6 Among the 45 ET 
patients, there were 14 men and 31 women; the age range 
was between 25–89 years. Neither of the ET patients had 
a new thrombotic complication at the time of entering the 
study. A group of 45 healthy subjects (18 men, 27 women; 
age range, 22–78 years) was recruited from healthy adults 
without history of thrombotic events to serve as a control 
group.

All investigations were approved by the Bioethics 
Commission of Wroclaw Medical University, Poland. 
The  study was carried out in accordance with the Dec-
laration of Helsinki of 1975, as revised in 2000. Written 
informed consent was obtained from all patients and con-
trols before entering the study.

The characteristics of the patients and the control sub-
jects were summarized in Table 1. Of 45 ET patients, 12 as-
ymptomatic patients did not receive any treatment for ET, 
22 were treated with anagrelide (thromboreductin), 8 with 
hydroxyurea (HU), and 3 with aspirin (ASA). Twenty-one 
patients had thrombotic events in the past. Fifteen patients 
had arterial thrombosis: 6 patients had myocardial infarc-
tion (MI), 7 patients had transient ischemic attacks (TIA), 
4 patients had peripheral arterial thrombosis (PAT) of the 

legs, and 6 patients had deep venous thrombosis (DVT). 
Microvascular disturbances and superficial thrombophle-
bitis of the legs were not considered in this analysis.

Methods

Each patient has been tested by automated methods for 
blood morphology (Sysmex). Plasma fibrynogen level, D-
dimer level, factor VIII activity, protein C level, activated 
protein C  resistance (APCR) were measured in coagu-
lometer Ceverone alpha (Technoclone). Plasma concen-
trations of thrombin-anti-thrombin complexes (TAT) and 
prothrombin fragment F1+2 (F1+2) were determined by 
ELISA, using commercially available kits (Enzygnost TAT 
and Enzygnost F1+2, respectively; Siemens).

Testing for the factor V  Leiden (G11691A) gene and 
prothrombin gene (FII G20210A) hereditary mutations 
were screened by DNA sequencing.

JAK2 mutation was screened by the real-time RT-PCR 
assay.

The  applied dispersed computer system was used for 
the accumulation and safety storage of patients’ data and 
the results of the laboratory tests.

Statistical analysis

All calculations were performed with the R Project for 
Statistical Computing, with the threshold of statistical 
significance set at a p-value of 0.05 or lower.

Patients’ characteristics were compared with the use of 
the two-tailed Fisher’s exact test for categorical variables, 
and the Mann-Whitney U test for continuous variables.

Results
The study population consisted of 45 subjects with ET, 

14  males and 31  females, with the median age of 62.0. 
Their general characteristics are presented in Table  1. 
Among the 45 ET patients, 24 tested positive for the 
JAK2  heterozygous mutation, predominantly among fe-

Table 1. Characteristic of patients with essential thrombocythaemia (ET)

Data/Group
Essential 

thrombocythaemia 
(n = 45)

Controls 
(n = 45)

Age: median ± SD  
(range)

62.0 (range 25–89)  58.6 (range 22–78)

Gender  
(male/female)

14/31 18/27 

JAK2 positive  
(male/female) 

24 (10/14) 0

Thromboembolic events  
(male/female)

21 (6/15) 0

ET – essential thrombocythaemia; JAK2 mutation – Janus kinase (JAK2) 
V517F mutation.
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males 14/24. Thromboembolic events were reported in 
21 out of 45 ET patients, in 6 males and in 15 females.

The  comparison of blood picture parameters and he-
mostatic tests in ET and the control group are shown in 
Table 2.

Leukocyte (p  <  10–6) and platelet (p  <  10–6) counts 
were significantly higher, and MPV markedly bigger 
(p = 0.0001) in ET patients than in healthy subjects, but 
not hemoglobin level or erythrocyte count.

Fibrinogen concentration (p  =  0.0015) and D-dimers 
(p < 10–6) were significantly higher in the ET group than 
in controls, but not F1 + F2, TAT, factor VIII activity, PC 
activity and activated protein C resistance.

APCR was found in 5/45 ET patients with ET and in 
2/45 controls. None of ET patients were carriers of the 
FV Leiden homozygous mutation, but two ET patients 
had the FV Leiden heterozygous mutation and 2 controls. 
Prothrombin gene mutation (G20210A) was not present 
in either group.

Compared to the control groups, ET patients with 
thrombosis (A) had significantly elevated leukocyte 
(p < 10–6) and platelets (p < 10–11) counts, MPV (p < 10–8), 
D-dimers level (0.0001).

Table 4 shows that in ET patients without thrombosis 
(B) the hemoglobin level (p  =  0.003), leukocyte count 
(p  <  10–10), and platelet count (p  <  10–10) were signifi-
cantly higher than in controls, but not MPV (p = 0.771). 
In the ET group without thrombosis (subgroup B) the fi-
brinogen (p = 0.004) and D-dimers (p < 10–6) levels were 
also significantly elevated by comparison with the control 
groups.

As shown in Table  5, the blood count differs signifi-
cantly between ET patients with (A) and without (B) 
thrombosis. The hemoglobin level (p = 0.0002), erythro-
cyte count (p = 0.01), hematocrit (p = 0.012), leukocyte 
count (p = 0.0033) and platelet count (p = 0.046) were sig-
nificantly increased in ET patients with thrombosis (A). 
The mean platelet volume was significantly larger in ET 
subgroup with (A) than that in the subgroup (B) without 
thrombosis (p < 10–8).

The  coagulation tests did not shown any statistically 
significant differences concerning fibrynogen, D-dimers, 
factor VIII activity, protein C activity, APCR, F1+F2 and 
TAT levels between two ET subgroups with (A) and with-
out (B) thrombosis.

Discussion
We have confirmed that the occurrence of JAK2 muta-

tion can be a strong predictor for thromboembolic events 
in ET patients. Seventeen out of 21 ET patients with 
thrombotic complications were JAK2 (+). Since its discov-
ery in 2005, the JAK2 mutation has been considered as an 
important participant in the development of thrombotic 
complications in Ph-myeloproliferative neoplasms, but 

the agreement was not universal.1 Carobbio et al. in 657 
studied ET patients did not find a significant association 
for JAK2 mutation and the frequency of thromboembolic 
events.7 De Stefano et al. confirmed that in JAK2 (+) ET 
patients aged < 60 years the risk of thrombosis increased 
3.8 fold in the presence of homozygous and 2.2 fold in 
the case of a  hetrozygous type of FV Leiden mutation.8 
The systematic review and meta-analysis of 2,436 patients 
with ET shows that JAK2 positivity correlated with a clear 
increase in the odds of thrombosis (OR = 1.83)9, and this 
was also observed by others.10–12 Our findings are in line 
with the results of Schwartz et al.,13 who have proven, on 
the basis of an analyzed cohort of 1,179 thrombocythemic 
Ph-myeloptroliferations, that JAK2 mutation affected sig-
nificantly the incidence of thrombosis (both arterial and 
venous). The JAK2 mutation has been included recently 
into the major criteria for ET14,15, and is also considered 
as a major prothrombotic risk factor in the International 
Prognostic Score in Essential Thrombocythemia (IPSET) 
risk factor study in WHO-defined ET.16

It  is not easy to analyze laboratory results obtained 
in our patients with ET, as it is necessary to consider 
that some results might have been conflated not only 
by the disease itself, but also by the treatment effects of 
anagrelide, hydroxyurea or ASA. Many other investiga-
tors faced similar problems.

In  ET patients, leukocyte and platelet counts were 
found to be significantly higher, and the mean platelet 
volume (MPV) markedly bigger than in healthy subjects, 
but not hemoglobin level or erythrocyte count.

However, in the subgroup of ET patients with throm-
botic events (A), apart from significantly elevated platelet 
and leukocyte counts and higher MPV, the hemoglobin 
level, hematocrit, and erytrocyte counts were also in-
creased significantly compared with that in ET patients 
without thrombosis (B). Belluci and Michiels suggest that 
heterozygous JAK2 mutation can be responsible for the 
increased hemoglobin and hematocrit in some ET pa-
tients.17 Rotunno G et al. found that JAK2(+) ET patients 
have a higher Hb level and are more prone to thrombotic 
events than CALR (+) ET patients.3

Further analysis of our results revealed that between the 
ET subgroups with (A) and without thrombosis (B) the 
statistical change in the leukocyte count was much stron-
ger (p  =  0.0033) than in the platelet count (p  =  0.046). 
Leukocyte count  >  11 g/L is an established risk factor 
for thrombosis in ET. It shall be stressed that the median 
platelet count in subgroup A was 676.0 g/L (ranged from 
544.0  g/L to 837.0  g/L), but in subgroup B  though, the 
median platelet count was 535.0 g/L. This subgroup was 
much more heterogeneous as platelet counts ranged from 
300.0 g/L to 2022.0 g/L.

Interestingly, the presence of bigger, younger and more 
hemostatically active platelets caused a  significant in-
crease in the mean platelet volume in all ET patients and 
in the subgroup of ET with thrombosis, but not in ET pa-
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tients without thrombosis. If confirmed in a larger group 
of ET patients, MPV can possibly be useful in predicting 
a prothrombotic state. Arellano-Rodrigo et al.18 observed 
that ET patients had higher values of MPV, especially 
those with JAK2 mutation.18 At a multivariate study it has 
been confirmed that ET patients with thrombosis had 
a significantly higher percentage of reticulated platelets. 
Increased neutrophil and platelet activation play an im-
portant role in the pathogenesis of thrombotic complica-
tions in ET patients.19–22

We have observed that both fibrinogen (p = 0.0015) and 
D-dimer (p < 10–6) levels were significantly higher in our 
ET patients than in controls, but they did not differ be-
tween ET subgroups with and without thrombosis. Blann 
et al.23 observed some elevation in the fibrynogen level in 
treated and untreated patients with ET, but it remained 
within normal ranges.

Some authors described elevated D-dimer levels in 
patients with ET at diagnosis or treated with ASA or hy-
droxyurea and ASA23,24, but others have shown its reduc-
tion after cytoreductive therapy.25 However, the increased 
D-dimer level has not been proven as a clinically useful 
predictor for thrombosis, when compared with some 
other confirmed predictors such as age and history of 
thrombosis or leukocytosis.26,27 In  patients with ET we 
did not find an increase in factor VIII activity, trombin-
anti-thrombin complexes and prothrombin fragments  
F1 + F2 levels or protein C activity.

Our observations are not in keeping with the results of 
some other investigators who observed elevated F1 + F2 
fragments19 in ET patients.

No statistically significant difference has been found 
in the frequency of factor V Leiden or prothrombin gene 
mutation compared to the control group. It  is in agree-
ment with the results of other authors.11,13 Out of five ET 
patients presenting APCR the factor V Leiden heterozy-
gous mutation has been confirmed in 2, and the remain-
ing three had acquired APCR. Both ET patients with FVL 
mutation experienced thrombotic events. The knowledge 
of carriership of FVLeiden can be helpful in the individual 
thrombosis risk assessment.

However, hereditary thrombophilia with essential throm-
bocythaemia increases the risk of thrombosis 2.7 fold in 
carriers and 5 fold in JAK2 (+) ET patients.10 Schwartz et al. 
have shown that in ET the specific thrombophilic mark-
ers, e.g. FVLeiden mutation and protein C deficiency, were 
connected with thrombotic venous events.13

In conclusion, our results strongly suggest that changes 
of mean platelet volume can serve as an additional and 
simple test in prothrombotic state assessment in ET pa-
tients, but this needs to be confirmed in a larger popula-
tion. The presence of JAK2 mutation and leukocytosis has 
been proven to be a strong predictor for thromboembolic 
events in ET patients.
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Abstract
Background. One of the main risk factors for cerebral ischemic events is atherosclerotic disease of the 
internal carotid artery (ICA). Nowadays, increasing attention is being paid to the relationship between the 
morphological features of atherosclerotic plaque and the occurrence of stroke. Several studies have dem-
onstrated that the presence of specific vulnerable plaque types, with a large lipid core and thin fibrous cap, 
can be used as an independent risk predictor of cerebral ischemic events.

Objectives. The present study is an attempt to develop the method of plaque surface morphology assess-
ment presented by de Weert et al. by correlating the results of Dual Source Computed Tomography (DSCT) 
with those from intravascular ultrasound virtual histology (IVUS-VH).

Material and methods. A group of 30 symptomatic patients (13 men and 17 women; 72 ± 9 years) 
with ICA stenosis suspected on the basis of ultrasound imaging (US) and confirmed to be above 70% in 
DSCT underwent intravascular ultrasound (IVUS) imaging.

Results. The results of DSCT were categorized according to the de Weert classification. There were 13 cases 
(43%) with smooth wall surfaces, 10 cases (33%) with discreet wall irregularities, and seven cases (23%) 
with incursions of contrast, indicating the presence of ulceration. In the IVUS-VH examinations, 4 out of 30 
cases (13%) were identified as having adaptive intimal thickening (AIT), 4 (13%) as showing pathological 
intimal thickening (PIT), 6 (20%) with fibroatheromas (FA), six (20%) with fibrocalcific plaque (FCa), and 
10 (33%) as having thin-cap fibroatheroma (TCFA), which is high-risk plaque. Comparing the above results 
showed that all the patients with confirmed wall ulceration in DSCT were characterized as having high-risk 
plaque in IVUS-VH.

Conclusions. Using DSCT with the de Weert classification of plaque surface morphology makes reliable 
detection of ulcerations possible; therefore, this could become a significant new technique to improve cur-
rent imaging protocols for patients with a high risk of ischemic cerebrovascular events.

Key words: atherosclerosis, ischemic stroke, IVUS, DSCT, ICA stenosis
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Ischemic stroke is one of the most common causes of 
death and long-term disability in industrialized countries. 
Although stroke rates adjusted for age have continued 
a downward trend over the past three decades, the aging 
population could cause the number of strokes to increase 
in the near future.1

One of the main risk factors for ischemic stroke is athero-
sclerotic disease of the internal carotid artery (ICA). For this 
reason, evaluation of the degree of ICA stenosis has become 
part of the currently used algorithms for choosing optimal 
treatment methods. The beneficial effects of intervention 
in patients with stenosis above 70% have been identified in 
two large randomized studies: The North American Symp-
tomatic Carotid Endarterectomy Trial (NASCET) and the 
Medical Research Council’s European Carotid Surgery Trial 
(ECST).2–4 On the other hand, for over a decade more and 
more attention has been drawn to the relationship between 
the morphological features of atherosclerotic plaque and the 
occurrence of ischemic events, particularly with regard to 
acute coronary syndrome (ACS).5 The development of nov-
el imaging methods has made it possible to identify in vivo 
the presence of plaque ruptures and plaque hemorrhages, 
as well as assess the size of a lipid or necrotic core and the 
thickness of a fibrous tissue cap. Based on these factors, the 
concept of “vulnerable plaque” was introduced, referring to 
lesions with a high tendency to rupture, resulting in emboli-
zation or thrombosis.6

Several studies have demonstrated that the presence of 
a specific vulnerable plaque type with a large lipid core 
and a thin fibrous cap can be used as an independent risk 
predictor of ischemic cerebrovascular events.7,8 There-
fore, it seems that in the coming years diagnostic algo-
rithms should be augmented with assessments of athero-
sclerotic plaque morphology.9–11

In 2009, in a study published in Stroke, de Weert et al. 
proposed an interesting method for indirect assessment of 
plaque morphology using minimally invasive multidetector 
computed tomography angiography (MDCTA) and their 
own classification system.12 The authors correlated the 
MDCTA results with clinical data regarding the severity of 
stenosis, cardiovascular risk factors and symptomatology. 

The imaging protocol for intravascular ultrasound 
virtual histology (IVUS-VH) has introduced a new level 
of quality to the assessment of lesion morphology that 
makes it possible to put histopathological knowledge to 
direct use in in vivo intravascular diagnosis.13 The present 
study is an attempt to develop the method presented by 
de Weert et al. by correlating the results of Dual Source 
Computed Tomography (DSCT) with those obtained 
from IVUS-VH.

Material and methods
From January 2011 to June 2013, a group of 170 patients 

with ICA stenosis found in ultrasound imaging (US) un-

derwent dual source computed tomography (DSCT) to 
confirm the presence of significant stenosis (above 70%) 
in the ostium of the ICA. On this basis, the patients were 
included in the intravascular ultrasound (IVUS) study.

The IVUS study inclusion criteria were: (1) ostial ICA 
stenosis above 70% in CT according to the NASCET cri-
teria; (2) patency of the contralateral carotid artery; (3) no 
kinking, coiling, tortuosity, hypoplasty or occlusion of the 
ICA; (4) age below 81 years; (5) no contraindications for 
an embolic protection device; (6) a plaque-free section of 
the ICA 25 mm above the ostium; (7) no decompensated 
heart failure (NYHA III-IV). Hence, the final study group 
consisted of 30 patients (13 men and 17 women; 72 ± 
9 years) with multiple cardiovascular risk factors (Tables 
1 and 2). 

The experimental protocol and informed consent pro-
cedure complied with the Helsinki Convention and were 
approved by a bioethics commission. 

Scanning was performed on a 64-slice dual source CT 
scanner (Somatom Definition, Siemens Medical Solu-
tions, Forchheim, Germany) according to Persson’s Dual 
Energy protocol using 140 kV and 80 kV lamps.14 When 
an 80 kV lamp is used, both contrast and calcifications 
are characterized by high density. When a 140 kV lamp 
is used, calcifications can be differentiated and removed 
from the image due to their higher density. The DSCT 
scan range extended from the aortic arch to the circle of 
Willis. All the patients received 50 mL of contrast mate-
rial (400 mg/mL Iomeron 400, Bracco Imaging Deutsch-
land GmbH, Konstanz, Germany), followed by 60 mL of 
saline bolus chaser, both with an injection rate of 6 mL/s. 
Synchronization between the passage of the contrast ma-

Table 1. Inclusion and exclusion criteria for the study

Inclusion criteria Exclusion criteria

Ostial ICA stenosis > 70% in CT 
according to NASCET Criteria

inappropriate anatomy (kinking, 
coiling)

Symptomatic stenosis difficulties in setting neuroprotection

Age < 81 years old NYHA III, IV

Patency of contralateral artery ICA hypoplasty or occlusion

Table 2. Demographic and epidemiological data of the study group

Number of patients 30

Age (years) 72 ± 9

Obesity (n) 5

Hypertension (n) 19

Diabetes (n) 15

Stroke (n) 12

Hyperlipidemia (n) 30

Coronary Disease (n)  8
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terial and data acquisition was achieved by real-time bo-
lus tracking at the level of the ascending aorta. The trig-
ger threshold was set at an increase in attenuation of 110 
Hounsfield units above baseline attenuation.

The DSCT images were processed on a Syngo-Via 
workstation (Siemens Medical Solutions, Forchheim, 
Germany) using dedicated 3-dimensional analysis soft-
ware with hard plaque and head bone removal algo-
rithms. Carotid arteries were evaluated with multiplanar 
reformatting (MPR) software, adjusting oblique planes to 
assess them in multiple short and long axes.

The surface of a lesion was evaluated and classified ac-
cording to the de Weert classification into one of the three 
types: (1) smooth, (2) irregular and (3) ulcerated. Athero-
sclerotic plaque was classified as ulcerated when the con-
trast material was observed in the surrounding plaque, 
beyond the vascular lumen. Plaque classified as irregular 
showed discreet irregularities within the vessel walls, with 
an absence of ulcerations. Lesions without any ulcerations 
or distortions of lumen contour were classified as smooth.

In all the patients undergoing the IVUS procedure, 
embolic protection devices (Emboshield NAV6 De-
vice, Abbott Vascular, Abbott Park, IL, USA) were used.  
Every examination was carried out by the same team, with 
a similar transducer position: 30 mm from the common 
carotid artery bifurcation. The images were obtained us-
ing 20 MHz transducers, a 3.2-Fr IVUS catheter (Eagle 
Eye Gold, Volcano Corporation, Rancho Cordova, USA) 
with the options: gray scale, chroma flow and virtual his-
tology (VH) protocol. All the analyses were performed at 
an independent external core laboratory (Kraków Cardio-
vascular Research Institute, Krakow, Poland).

Internal carotid artery lesions observed with IVUS were 
classified into 5 categories 15,16: 

 z Adaptive intimal thickening (AIT): plaque comprised 
of mainly fibrous tissue; calcification, fibrofatty and/or 
necrotic core plaque components < 10%; 

 z Pathological intimal thickening (PIT): fibrofatty plaque 
component > 10%, and confluent necrotic core or cal-
cium amounting to < 10% of the total plaque cross-sec-
tional area; 

 z Fibroatheroma (FA): a confluent necrotic core com-
prising > 10% of the total plaque cross-sectional area; 

 z Fibrocalcific (FCa): a confluent area of calcium com-
prising > 10% of the total plaque cross-sectional area, 
with necrotic core and fibrofatty plaque each < 10% of 
the total plaque cross-sectional area;

 z Thin-cap fibroatheroma (TCFA): high-risk plaque with 
a necrotic core comprising > 10% of the total plaque 
cross-sectional area and confluent with the lumen.

Results
The final study group consisted of 30 patients who under-

went both DSCT and IVUS-VH examinations. The DSCT  

results were classified according to the de Weert classifi-
cation. Thirteen cases (43%) were characterized as having 
a smooth wall surface, 10 cases (33%) had discreet wall 
irregularities, and in 7 cases (23%) incursions of contrast 
were observed, indicating the presence of ulceration (Ta-
ble 3).

In the IVUS-VH examinations, 4 out of 30 cases (13%) 
were identified as AIT, 4 (13%) as PIT, 6 (20%) as FA, 
6 (20%) as FCa and 10 (33%) as TCFA (Table 4). 

Table 3. Number of cases of atherosclerotic plaque types in DSCT 
according to the de Weert classification

De Weert classification Number of cases

Smooth wall surface – type 1 13

Discreet wall irregularity – type 2 10

Wall ulceration – type 3  7

Total 30

Table 4. Number of cases of each atherosclerotic plaque type according to 
plaque morphology characteristics (IVUS-VH)

Plaque type Number of cases

AIT  4

PIT  4

FA  6

FCa  6

TCFA 10

The results of the de Weert classification of the DSCT 
results were compared with the results of plaque mor-
phology classification obtained using IVUS-VH (Fig. 1). 
It was found that all the patients with confirmed presence 
of wall ulceration in DSCT were characterized as hav-
ing high-risk plaque (TCFA) in IVUS-VH. Patients with 
discreet wall irregularities in DSCT formed a heteroge-
neous group in IVUS-VH: 6 lesions with a necrotic core 
(3 FA and 3 TCFA) and 4 lesions without a necrotic core  
(2 FCA, 1 PIT, 1 AIT). Among the 13 patients with smooth 
wall surfaces in DSCT, IVUS-VH showed 4 FCA lesions,  
3 PIT lesions, 3 AIT lesions and 3 FA lesions (Table 5).

Discussion
The degree of ICA stenosis is an important predica-

tor of ischemic cerebrovascular events and is universally 
used in therapeutic decision-making. Patients with both 
symptomatic and asymptomatic ICA stenosis above 70% 
are considered candidates for endarterectomy or stent 
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placement.2–4  However, it has been noted that advanced 
atherosclerosis may be found in non-stenotic artery seg-
ments due to the phenomenon of artery remodeling.17,18 
Therefore, the morphological features of atherosclerotic 
plaque have been suggested as a complement to luminal 
narrowing measurements in stroke risk assessment.9–11,19 
Several studies have demonstrated that the presence of 
a specific vulnerable plaque type (with a large lipid core 
and a thin fibrous cap) can be used as an independent 
risk predictor of ischemic cerebrovascular events.7,8 The 
clinical consequences of plaque ulceration have been 
clearly demonstrated in several studies, including NAS-
CET.3,20,21

To develop the NASCET and ECST scales for carotid 
pathology detection, digital subtraction angiography 
(DSA) was used, which made this method the gold stan-
dard in ICA stenosis evaluation. Due to its availability and 
low cost, ultrasound imaging (US) is currently the most 
widely used diagnostic method for detecting and assess-
ing the extent of carotid atherosclerosis. However, there 
is no universally accepted method that provides a satis-
factory amount of information in vivo about ICA plaque 
morphology. In their study, Saba et al. compared the di-
agnostic efficacy of multidetector computed tomography 
angiography (MDCTA) and US with echo color Doppler in 
patients with carotid plaque complicated by ulceration.22 
When the data from MDCTA and US imaging were set 
side by side with surgical specimens taken during carotid 
endarterectomy, it was demonstrated that MDCTA has 
very high sensitivity (93.75%) and specificity (98.59%) in 
detecting plaque ulcerations of the carotid artery.

To explore the potential of CT in assessing plaque mor-
phology, the authors needed a well-established reference 
method. The choice fell on IVUS-derived virtual histolo-
gy (IVUS-VH), which is used for the detection and quan-
tification of non-stenotic atheroma in coronary arteries.13 
The IVUS-VH imaging protocol uses advanced radiofre-
quency analysis of ultrasound signals, enhancing the im-
age with colors in correlation to different amplitudes and 
frequencies. This makes it possible to recognize vulner-
able plaque by assessing their structure and composition, 
differentiating four primary plaque components: fibrotic 
tissue, calcifications and lipid or necrotic cores. IVUS-VH 
findings demonstrate a good correlation with histopa-
thology results.23,24

Fig. 1. DSCT with the de Weert classification (left) compared with IVUS-VH 
plaque morphology classification (right)  

Table 5. Number of different morphological types of atherosclerotic plaque (IVUS-VH) correlated with de Weert classification types (DSCT)

de Weert type Number of patients TCFa FCa PIT FA AIT

1 13  0 4 3 3 3

2 10  3 2 1 3 1

3  7  7 0 0 0 0

Total 30 10 6 4 6 4
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As already noted, IVUS-VH is used as a reference stan-
dard in evaluating other methods of imaging atheroscle-
rotic plaque morphology in coronary arteries.25 However, 
the authors did not find any publications concerning the 
usefulness of IVUS-VH in evaluating DSCT results in 
ICA plaque morphology assessments. Until now, studies 
have focused on determining a correlation between CT 
results and histopathological findings gathered during 
endarterectomies. Fragmentation or damage to the sam-
ple – which often occurs during the procedure – makes 
it impossible to pinpoint the exact location of the histo-
pathological specimen with respect to CT images. For 
this reason, a correlation can be rendered only with re-
gard to general morphological composition.26 

In their study, de Weert et al. noted that they had dif-
ficulties with the identification of ulceration in highly ste-
notic vessels.12 The calcification burden rises with severe 
stenosis. With MDCTA, differentiating between contrast 
enhancement and strongly calcified lesions was often 
impossible, which hampered the assessment of plaque 
morphology. The current authors did not encounter such 
difficulties in distinguishing contrast material from calci-
fications, thanks to the availability of a new dual-source 
multidetector CT system (DSCT).

Introduced in 2009, DSCT is equipped with 2 X-ray 
tubes that  can be operated at different kV settings (an  
80 kV lamp paired with a 120 kV or 140 kV lamp) and differ-
ent prefiltration. Due to the simultaneous use of two X-ray 
sources, it is possible to obtain different radiation absorp-
tion coefficients (in Hounsfield units) for any given tissue. 
This allows better tissue differentiation and advanced im-
age post-processing. DSCT permits reliable subtraction of 
calcified structures such as bones and plaque; therefore, it 
makes evaluation of the grade of stenosis and plaque mor-
phology possible, even in highly stenotic vessels.27 Dual-en-
ergy acquisition and more detector rows make examination 
times shorter and reduce the radiation absorbed by patients. 
Shorter scan time also means less contrast (50–60 mL). 
Therefore, DSCT enhanced with plaque and bone subtrac-
tion algorithms (PBS) has the potential to identify patients 
with vulnerable plaque better than conventional CT. 

Work on CT number-based plaque characterization 
with the use of absolute Hounsfield unit (HU) ranges to 
separate plaque components began with the advent of 
new software.25 Unified HU-based atherosclerotic plaque 
characterization criteria have not yet been created. Meta-
analyses indicate that this approach is limited due to its de-
pendence on factors such as lumen contrast opacification, 
the degree of artery stenosis, image noise, partial volume 
effects, undershooting artifacts and tube voltage.28 More-
over, existing classifications do not work well for identi-
fying lipid-rich necrotic cores and hemorrhages, because 
the range of densities associated with these components 
is similar to those for connective tissue. This overlap se-
verely limits the reliability of individual pixel Hounsfield 
readings on key components of vulnerable plaque.29

At present, there is no satisfactory method for direct 
assessment of plaque morphology in CT.30,31 This is the 
reason the current authors considered adapting de Weert 
classification for DSCT data analysis, which uses plaque 
surface morphology assessment. The indirect approach 
is, in the current authors’ opinion, a feasible and reliable 
tool for clinical use. Nevertheless, the distinction between 
atherosclerotic plaque morphology and plaque surface 
morphology has to be recognized. 

In the present study, only a partial correlation was 
found between the results of DSCT with the de Weert 
classification and the results of IVUS-VH with plaque 
morphology classification. Nevertheless, the authors find 
this outcome clinically important. The data show that all 
the lesions with surplus contrast (type 3 in the de Weert 
classification) had the morphological features of TCFA, 
i.e. the presence of a necrotic component > 10%. Accord-
ing to the plaque morphology classification, TCFA is con-
sidered high-risk plaque with a propensity for rupturing.  
In fact, TCFA bears a strong morphological resemblance 
to plaque  rupture even though it exhibits a smaller ne-
crotic core, a thin fibrous cap infiltrated by a smaller 
number of macrophages, and a lower degree of calcifi-
cation.5

This study has some limitations. Firstly, the study group 
consisted of only 30 patients. Secondly, IVUS-VH has its 
own intrinsic limitations as a method of reference. In the 
case of strong remodeling, the transducer penetration 
depth (3–6 mm) may be insufficient to evaluate a com-
plete cross-section of the ICA wall. The IVUS transducer 
itself is more suitable for coronary arteries, and the wider 
lumen of the carotid artery may cause non-axial settle-
ment that results in an elliptic rather than orthoradial 
scan of an artery. However, that would more likely cause 
a misevaluation of the degree of stenosis rather than an 
incorrect assessment of plaque morphology. 

DSCT with the de Weert classification of plaque sur-
face morphology makes the reliable detection of ulcer-
ations possible. The present study demonstrated that 
surplus the contrast agent in DSCT (indicating the pres-
ence of ulceration) correlates with the presence of un-
stable TCFA plaque in IVUS-VH. The benefits of surgi-
cal or endovascular intervention in symptomatic patients 
who do not meet the criteria for severe stenosis, but in 
whom the presence of ulcerated plaque has been iden-
tified, needs to be demonstrated in larger prospective 
studies. Nevertheless, the authors are confident that 
diagnostic algorithms in patients with cerebrovascular 
ischemic risk should be enriched with an assessment of 
atherosclerotic plaque morphology. Due to the unavail-
ability of a satisfactory method that allows for direct 
assessment of plaque morphology in DSCT, an indirect 
approach using DSCT with de Weert classification could 
offer a significant new technique to improve current im-
aging protocols. 
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Abstract
Background. Cardiac arrhythmias are common in pregnant women. In most cases, they do not require 
treatment other than rest, electrolyte supplementation and avoidance of strong coffee and tea. Persistent 
arrhythmia or the ventricular rate running at a high frequency may cause hemodynamic deterioration in the 
fetus or in both the fetus and the mother.

Objectives. The aim of this study was to assess the prevalence and characteristics of arrhythmias in preg-
nant women who qualified for ablation as well as the feasibility and specific features of these interventions.

Material and methods. The study group consisted of 11 pregnant women (16–32 Hbd) aged 31 + 6. 
The control group consisted of 111 women aged 15–50 years (34 + 10), scheduled for ablation in 2012. 
The medical records of the selected study and control groups were analyzed and the following data was 
retrieved: age, the reason the ablation procedure was performed, the ablation duration, the number of 
radiofrequency applications, the total duration of radiofrequency applications, gravity, and comorbidities.

Results. In the study group, accessory pathway related arrhythmias or atrial tachycardia (AT) accounted 
for 62% of cases, whereas in the control group for 32% (p = 0.042). All the procedures in the study group 
were performed with an electroanatomical system without fluoroscopy. All of the patients, but one, had no 
recurrence of arrhythmia. There were no complications and no overt effects were noted in the fetus.

Conclusions. Ablation of arrhythmias during pregnancy is rare. An experienced surgeon using electroana-
tomical system is usually able to ablate arrhythmic substrate without the use of X-ray fluoroscopy. The most 
prevalent causes of arrhythmias in pregnant women requiring ablation are accessory pathway and AT focus.

Key words: safety, ablation, cardiac arrhythmias
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Introduction
Cardiac arrhythmias are common in pregnant wom-

en.1,2 In most cases, they do not require treatment other 
than rest, electrolyte supplementation and avoidance 
of strong coffee and tea. Persistent arrhythmia or rapid 
ventricular rate response may cause hemodynamic dete-
rioration in the fetus or in both the fetus and the moth-
er.1,3 Therefore, these arrhythmias should be treated 
early and effectively. In cases of arrhythmia with severe 
hemodynamic compromise resistant to medical therapy 
and recurring after direct current cardioversion, abla-
tion may be the treatment of choice.1 The  risk tied to 
the ablation procedure in pregnant women is related to 
the use of X-rays, anesthetic agents, thromboembolic 
complications and the difficulty of obtaining vascular 
access.1,4

The aim of this study was to assess the prevalence and 
characteristics of arrhythmias in pregnant women quali-
fied for ablation and the feasibility of these operations 
without the use of X-rays, as well as to present the specific 
features of these interventions.

Material and methods
The study was designed as a retrospective case control 

study. A  database of medical records of 5,059  patients 
with arrhythmia treated with catheter ablation from 
January 2003 to February 2014 was analyzed. The study 
group consisted of 11 pregnant women (16–32 hbd) aged 
31 ± 6.

The  control group consisted of 111  women aged 15–
50 years (34 ± 10), scheduled for ablation in 2012. In 2012, 
a total of 690 ablation procedures were performed.

The medical records of the selected study and control 
groups were retrieved and following data were analyzed: 
age, the reason for the ablation procedure, the ablation 
duration, the number of radiofrequency applications, the 
total duration of radiofrequency applications, comorbidi-
ties and whether a woman is currently pregnant.

In pregnant women, data regarding parity, gestational 
age at the time of ablation procedure, previous treatment 
of arrhythmia, and the history of arrhythmias during pre-
vious pregnancies was also analyzed.

Ablation procedure

All of the pregnant women gave their permission for 
ablation and accepted the possibility of using X-ray if nec-
essary. During all of the procedures we tried to reduce 
fluoroscopy as much as possible. The study protocol was 
approved by the Bioethics Committee of the Wroclaw 
Medical University.

Statistical analysis

The continuous variables were presented as mean and 
standard deviations or median and interquartile range 
and compared with Student t-test or Mann Whitney 
U test. The discrete variables were presented as numbers 
and percentages and compared with c2 test. P values less 
than 0.05 were considered statistically significant.

Results

Demographics

Pregnant women who underwent ablation accounted 
for 0.2% of the population treated with this method in the 
analyzed period. Ablations in women of reproductive age 
constituted 15.5% of procedures; ablations in pregnant 
women were 1.4% of the procedures performed in women 
in reproductive age.

Medical history

Table  1 presents data on the medical history of the 
study group. The mean age of women in the study group 
was slightly, but insignificantly, lower than those in the 
control group (30.8 ± 5.6 vs 34.3 ± 10.0 years, p = 0.3). 
However, the percentage of women under 40 in the study 
group was significantly higher than in the control group 
(100 vs 62.2% p < 0.05).

In pregnant women the arrhythmia was most common-
ly present before pregnancy but worsened during preg-
nancy.

Arrhythmia characteristics

In Table 2 characteristics of arrhythmias and comorbid-
ities in the study and control group are presented. Before 
the ablation in pregnant women, 2 (18.2%) had electrical 
cardioversion and one was treated with amiodarone.

Table 1. Medical history of the studied group

Number (n) 11

Age (years) mean (SD) 30.2 ± 5.7

Time from arrhythmia onset (years) median (IQR) 5.0 (3.0–14.0)

Parity
first pregnancy n (%)
second pregnancy n (%)
third pregnancy n (%)
fourth pregnancy n (%)

 6 (54.6)
1 (9.1)

 2 (18.2)
 2 (18.2)

Past history of arrhythmias during pregnancy
arrhythmia was not a problem
arrhythmia was a problem

 4 (36.4)
1 (9.1)

Ejection fraction < 55% n (%)  3 (27.3)
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Ablation procedures

All of the procedures in pregnant women have been 
performed using solely electronaatomical systems (CAR-
TO – 9, EnSite – 1) with no fluoroscopy use. Nine women 
underwent RF ablation and one woman underwent cryo-
ablation. Figs. 1 and 2 contain representative CARTO and 
EnSite mappings.

Vascular access

In  pregnant women catheters were introduced to the 
right heart by the right internal jugular vein (1 or 2 intro-
ducers). In one patient, femoral transaortic approach was 
used for the left side accessory pathway ablation. Difficulty 
in obtaining vascular access occurred in 1 patient who 
withdrew her consent to perform the procedure after the 
anesthesiologist was unable to catheter her internal jugu-
lar vein. A ultrasonography revealed a vascular anomaly. 

In the control group all procedures were performed using 
the femoral approach, and the electroanatomical system 
was used in 61 patients (55%). In this group fluoroscopy-
free ablation was performed in 23 patients (20.7%).

Second stage ablation in study group

In two cases in the study group, the ablation procedure 
was planned for two sessions: the first session to provided 
symptoms control and the second session, carried out 
after birth, to eliminate arrhythmia substrate. In  one of 
these cases first session proved to be sufficient for ending 
arrhythmia and the second session was unnecessary.

Pregnancy outcome

The procedures were not associated with any complica-
tions. All women ablated during the pregnancy gave birth 
to healthy full-term children.

Table 2. Characteristics of arrhythmias and comorbidities in the study and control group

Study group
n = 11

Control group
n = 111 p

WPW, n (%)
AVNRT, n (%)
PJRT
Atrial tachycardia, n (%)
VES, n (%)
Atrial fibrillation/atrial flutter, n (%)

  3 (27.3)
  2 (18.2)

 1 (9.1)
  3 (27.3)
  2 (18.2)

0 (0)
0 (0)

 18 (16.4)
 41 (36.9)

0 (0)
 18 (16.4)
 16 (14.4)
 12 (10.8)

 6 (5.4)

ns.

Congenital heart disease, n (%) 0 (0)  2 (1.8) ns.

Inherited electrical disturbances, n (%) 0 (0)  1 (1.8) ns.

Women with comorbidities, n (%)   2 (18.2)  22 (20.0) ns.

Fig. 1. Carto map performed during sinus rhythm in a woman at 24 weeks of gestation, who had slow atrioventricular pathway ablation. Pink dots define the 
tricuspid valve area, white dots indicate the vena cava inferior ostium, dark-yellow dots represent His bundle recording site, light-yellow dot indicates the 
coronary sinus ostium, brown dot denotes the place of radiofrequency application. Ablation was performed using pulsatile radio-frequency applications, 
hence the relatively large number of applications. Fig. A left anterior oblique (LAO) view, Fig. B right anterior oblique (RAO) view, Fig. C caudal view
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Discussion
The first finding of the study is that an experienced op-

erator using electroanatomical system is usually able to 
ablate arrhythmia substrate in pregnant women without 
the use of X-ray fluoroscopy, even for the positioning of 
the catheters. However, difficulties in obtaining venous 
access may occur and may become the main reason for 
procedure failure. In the literature, mostly single cases of 
ablation during pregnancy are reported5,6 and the present-
ed series of cases is one of the most numerous. Therefore, 
clinical problems faced by surgeons and unique features 
of these procedures are inadequately described.

In the study group, about 80% of the arrhythmias were 
supraventricular tachycardias and 20% were ventricu-
lar arrhythmias of the right ventricular outflow tract. 
That confirms the view presented in the reports of oth-
er researchers that supraventricular tachycardias pre-
dominate in this group of patients.6–9 Pregnant women 
with WPW  syndrome, AT and PJRT constituted 2/3 of 
the study group, whereas only a  small proportion had 
AVNRT which prevailed in the control group. These 
results are also consistent with the results of other re-
searchers.6–9 Table 3 shows the available data in literature 
about the characteristics of arrhythmias treated with ab-
lation in pregnant women. Analysis of these reports leads 
to the estimation that the most frequent arrhythmia is 
WPW  syndrome. This data obliges us to pay closer at-
tention to the women with cardiac arrhythmias, and par-
ticularly to those with WPW syndrome and AT, because 

of the high risk of the disease worsening its course during 
pregnancy.

In the study group, most women were diagnosed with 
arrhythmia before pregnancy. This observation is consis-
tent with the observation that only less than 4% of women 
have their first event of arrhythmia during pregnancy. 
During pregnancy symptoms associated with the occur-
rence of supraventricular tachycardia get worse in about 
29% of patients. The  increased levels of sex hormones 
may result in both the acceleration of the heart rate and 
the increase of the cardiac output.17–21

The analysis of the subgroup of patients with a history 
of pregnancies in the past helps to draw attention to two 
important issues. Firstly, exacerbation of the arrhyth-
mia in prior pregnancy indicates the risk of recurrence 
in a subsequent pregnancy. Therefore, it is advisable to 
consider ablation even in the case when the arrhyth-
mia symptoms diminish after birth, especially when 
WPW syndrome, AT or PJRT are found. Secondly, the 
absence of arrhythmia symptoms in the prior pregnan-
cy does not guarantee their absence in the subsequent 
pregnancies.

Although commonly used in patients, femoral access 
is difficult in pregnant women because of the compres-
sion of the inferior vena cava by the uterus and related 
problems in the positioning of the catheters. In our study 
group, the difficulties in obtaining vascular access became 
a direct cause of abandoning the procedure in one patient.

The next result of the study is a confirmation of the fea-
sibility of the two stage approach in performing ablation 

Fig. 2. EnSite NavX mapping during cryoablation of the slow pathway of atrioventricular node in a women at 23 weeks of gestation. Electroanatomical 
map of the upper part of the right atrium. Blue dots indicate the course of the coronary sinus, pink dots the places of cryomaping, red dot the place of 
cryoablation. Green dots formed in the initial stage of mapping depicting the location of the electrodes in the vena cava inferior and free wall of the right 
atrium. Fig. A right anterior oblique (RAO) view, Fig B. anteroposterior (AP) view
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in pregnant women. The first stage, limited to the extent 
necessary to control arrhythmia, may be provided during 
pregnancy. The complete arrhythmia substrate ablation 
may be performed after delivery.

According to the presented study, serious cardiac ar-
rhythmias in pregnant women seem to be rare. However, 
their incidence may be underestimated due to the lack 
of awareness among obstetricians and cardiologists that 
such arrhythmias may be treated with ablation. There-
fore, it is very important to raise awareness about the pos-
sibility of performing ablation procedures without the use 
of X-rays in pregnant women.

The main limitation of the study was its retrospective 
and observational character. Missing or incomplete data 
present another limitation. The prevalence of serious car-
diac arrhythmias in the total population of pregnant wom-
en is currently unknown because few doctors are aware of 
the possibility to perform ablation during pregnancy.

Conclusions
Ablation of arrhythmias in pregnant women constitute 

about 0.2% of the total number of ablation procedures. 
For women of reproductive age this percentage is higher 
and reaches 1%. An experienced surgeon using an elec-
troanatomical system is usually able to ablate arrhythmia 
substrate without the use of X-ray fluoroscopy, even for 
positioning of the catheters. The  most prevalent causes 
of arrhythmias in pregnant women requiring ablation are 
accessory pathways and ATs. In pregnancy, the procedure 
tailored to the patient’s needs should be performed.
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Abstract
Pulmonary hypertension (PH), second only to left heart diseases (LHD), is a frequent problem in clinical 
practice. At the same time, left heart diseases represent the most common cause of pulmonary hyper-
tension, and the occurrence of PH in patients with chronic heart failure is usually associated with worse 
functional class, and prognosis. Right heart catheterization (RHC) is the “gold standard” in the diagnosis and 
differentiation of PH. It is also essential in the process of qualifying for a heart transplantation. Therefore, 
right heart catheterization should be performed in expert centers by experienced operators and according 
to a strict protocol to ensure the reliability and reproducibility of results. Recommendations for pulmonary 
hypertension due to left heart disease are based on the European Society of Cardiology (ESC) guidelines 
designed in cooperation with the European Respiratory Society (ERS) and the International Society for 
Heart and Lung Transplantation (ISHL). The new ESC guidelines for pulmonary hypertension published in 
2015 have improved the diagnostic and therapeutic process in patients with left heart diseases.
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Introduction
Left heart diseases (LHD), including heart failure due 

to left ventricle (LV) systolic or diastolic dysfunction and 
valvular disorders, represent the most common causes of 
pulmonary hypertension (PH).1–3 Occurrence of PH in 
patients with chronic heart failure is usually associated 
with worsening of New York Heart Association (NYHA) 
functional class. Up to 60% patients with severe LV sys-
tolic dysfunction and up to 70% patients with isolated LV 
diastolic dysfunction develop PH.4 PH is usually associ-
ated with poor prognosis in patients with LHD.4,5 Right 
heart catheterization (RHC) is the “gold standard” in the 
diagnosis and differentiation of PH. RHC is also useful in 
determining the prognosis and eligibility for HTX.

The RHC is considered in patients with LHD prior to 
heart transplantation qualification. Acute vasoreactivity 
test is recommended in patients with PH and elevated 
PVR in HTX qualification process.6–8 The  pressure and 
resistance measurements in those patients should be re-
peated every 6–12 months in patients without PH and ev-
ery 3–6 months in patients with reversible PH.6,7

Recommendations for PH resulting from left heart dis-
ease are based on the European Society of Cardiology 
(ESC) guidelines designed in cooperation with the Eu-
ropean Respiratory Society (ERS) and the International 
Society for Heart and Lung Transplantation (ISHL).8 

According to the  recommendations the highest impor-
tance adhibit for the optimal treatment of underlying 
left heart disease in patients with PH is of the highest 
importance (I, B).8 Diagnosing PH in left heart diseases 
should include stepwise approach, combining clinical 
symptoms, specific echocardiographic features, ECG 
sings and other imaging techniques. Although increased 
left-sided filling pressure may be estimated by Doppler 
echocardiography, an invasive measurement of PWP or 
LV end-diastolic pressure may be required to confirm 
the diagnosis of PH resulting from LHD.8 RHC may be 
considered in patients with suspected PH and left heart 
disease or lung disease to assist in the differential diag-
nosis and support treatment decisions (IIb, C).8 RHC is 
recommended also in patients with PH resulting from 
left heart disease if organ transplantation is considered  
(I, C).8 It is recommended that RHC be performed in ex-
pert centers as it is technically demanding and may be as-
sociated with serious complications (I, B).8 The invasive 
assessment of PH should be performed in clinically stable 
patients with optimized volume status (I, C).8 There is 
no specific therapy for PH resulting from LHD. Sildenafil 
is a therapeutic option and new therapies that can show 
positive influence on PH resulting from LHD are cur-
rently under investigation.9 The  ESC guidelines do not 
recommend the use of pulmonary arterial hypertension 
(PAH) specific drug therapy in PH-LHD (III, C).8 Howev-
er, patients with Cpc-PH should be enrolled in random-
ized controlled trials targeting PH specific drugs.8

Pathophysiology  
of pulmonary hypertension

Hemodynamic definition of PH resulting from LHD 
(PH-LDH) combines mean pulmonary arterial pres-
sure (PAP)  ≥  25  mm  Hg, pulmonary wedge pressure 
(PWP) > 15 mm Hg, and normal or reduced cardiac out-
put (CO) at rest as assessed by right heart catheteriza-
tion.8 The previous guidelines from 2009 underlined the 
role of the transpulmonary pressure gradient (TPG) (the 
difference between mean PAP and mean PWP), which 
was used to distinguish “passive” PH (TPG ≤ 12 mm Hg) 
from “reactive” PH (TPG > 12 mm Hg).10 However, this 
definition and the associated terminology have been un-
satisfactory; therefore, the diastolic pressure gradient 
(the difference between diastolic PAP and mean PWP; 
DPG) appears to best approach among the characteris-
tics required to determine pulmonary vascular disease.11 
The  new guidelines of ESC recommend using a  combi-
nation of DPG and PVR to define different types of PH-
LDH, i.e. isolated post-capillary pulmonary hypertension 
(Ipc-PH) and combined post-capillary and pre-capillary 
pulmonary hypertension (Cpc-PH) (Table 1, Fig. 1).8

The  pathophysiologic chain leading to PAP elevation 
includes LV heart failure causing chronic pulmonary con-
gestion (elevated pulmonary vein pressure) and second-
ary changes of pulmonary vessels, which lead to increased 
pulmonary vascular resistance (PVR). The  consequence 
of these changes is right ventricular heart failure.

Changes in pulmonary circulation are similar in ev-
ery type of PH – elevated blood pressure in pulmonary 
circulation (congestion) causes dilation and thickening 
of pulmonary veins, pulmonary capillary dilation, inter-
stitial edema, alveolar hemorrhage, and lymphatic vessel 
and lymph node enlargement.10 Distal pulmonary arteries 
may develop medial hypertrophy and intimal fibrosis.10 
However, in PH resulting from LHD these changes are 
secondary to PAP elevation that is primarily caused by 
heart failure. Patients with PH resulting from LHD dem-
onstrate increased pressure in the left atrium.12

Fig. 1. Definition of pulmonary hypertension
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History of right heart 
catheterization

The concept of right heart catheterization was created 
in 1929 by Forssmann, who advanced a urethral catheter 
into his own heart by accessing an “elbow vein” (probably 
antecubital) to deliver drugs directly into the heart.13

Methods of application of the right heart catheter devel-
oped further. It was used to measure right heart pressure 
and cardiac output, which improved the understanding of 
cardiopulmonary hemodynamics and gas exchange.14,15 
Understanding these mechanisms was a  significant 
step towards the assessment of a  patient’s clinical state. 
The biggest challenge was the ability to obtain a continu-
ous recording of human central hemodynamic parame-
ters. This was achieved by Swan et al. in 1970. They added 
a balloon to the catheter tip of a standard pulmonary ar-
tery catheter (PAC), allowing for flow-directed movement 
and positioning.16 Balloon-tipped PAC not only facilitated 
bedside placement via floatation of the catheter tip down-
stream. It  has also provided an opportunity to measure 
the pressure in the right atrium and the pulmonary ar-
teries continuously, and the pulmonary capillary wedge 
pressure intermittently, via inflation and deflation of the 
balloon. Adding a  thermistor to the tip of a  catheter al-
lowed a  direct measurement of cardiac output with the 
thermodilution technique (using temperature as the indi-
cator), which was possible because of the discoveries made 
by Ganz et al.17 Since that time, the PAC has been called 
a “Swan-Ganz” catheter. This catheter provides a continu-
ous central hemodynamic monitoring, being an important 
and useful tool in intensive care units. Several prospec-
tive studies were performed to evaluate the outcomes of 
PAC use in a variety of acute medical and surgical condi-
tions18,19, including exacerbation of chronic heart failure.20

PAC plays an invaluable role in the history of medicine. 
It is one of the most useful tools that improved the under-
standing and management of various diseases, particular-
ly acute heart failure, exacerbation of chronic heart failure 
and shock. An intense assessment of its general applica-
tion in non-acute and non-shock exacerbated heart fail-

ure has now been provided by the ESCAPE trial, a land-
mark investigation that showed an overall neutral impact 
of PAC-guided therapy over therapy guided by clinical 
evaluation and judgment alone.21 The current guidelines 
recommend the use of PAC for the management of refrac-
tory heart failure and selected conditions (e.g. pulmonary 
hypertension, transplant evaluation).

Diagnostics of PH resulting 
from LHD

The symptoms that occur in patients with PH resulting 
from LHD are unspecific. Patients often develop dyspnea, 
worsening of exercise tolerance, chest pain and sings of 
congestive right or left heart failure. Occasionally, patients 
may present with palpitations or hemoptysis. The  first 
step in diagnostics is a physical examination and clinical 
assessment. Accessory tests include basic laboratory pa-
rameters, electrocardiography, chest X-ray, echocardiog-
raphy, and occasionally cardiopulmonary exercise testing. 
Echocardiography allows for the estimation of pressure in 
the pulmonary circulation and may suggest the cause of 
PH.22 The right heart catheterization is reserved for spe-
cial situations. The  RHC is considered in patients with 
LHD prior to heart transplantation qualification; in pa-
tients in whom diagnosis of PH would alter management 
(e.g. with valvular heart disease); in patients suspected of 
exercise-induced PH; before therapy employment in pa-
tients with suspected pulmonary arterial hypertension 
(PAH); and in selected cases during follow-up.12

Technical aspects of right heart 
catheterization

RHC is required to objectively confirm PH. This proce-
dure allows us to assess the severity of the disease, and to 
test the vasoreactivity of the pulmonary circulation.

Although the current guidelines recommend RHC8 
for diagnostic evaluation and monitoring of treatment 

Table 1. Hemodynamic definitions of pulmonary hypertension¹ [8]

Definition Characteristics1 Clinical group(s)

Pulmonary hypertension (PH) mean PAP ≥ 25 mm Hg all

Pre-capillary PH mean PAP ≥ 25 mm Hg
PWP ≤ 15 mm Hg

1. pulmonary arterial hypertension
3. PH due to lung diseases
4. chronic thromboembolic PH
5.  PH with unclear and/or multifactorial mechanisms

Post-capillary PH mean PAP ≥ 25 mm Hg
PWP > 15 mm Hg

2. PH due to left heart disease
5.  PH with unclear and/or multifactorial mechanisms

Isolated post-capillary PH (Ipc-PH) DPG < 7 mm Hg and/or PVR ≤ 3 WU2

Combined post-capillary and pre-capillary PH (Cpc-PH) DPG ≥ 7 mm Hg and/or PVR > 3 WU2

¹ All values measured at rest, ² Wood units are preferred to dynes.s.cm–5; PAP – pulmonary arterial pressure, PH – pulmonary hypertension, PWP – pulmonary 
wedge pressure, DPG – diastolic pressure gradient (diastolic PAP – mean PWP), PVR – pulmonary vascular resistance, WU – Wood units.
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in patients with PH, specific recommendations how to 
perform this procedure are rare. New guidelines for he-
modynamic and angiographic evaluation of pulmonary 
circulation have already been published6–8, which try to 
systematize indications and give some technical tips how 
to perform the RHC.

RHC is an invasive diagnostic procedure and should be 
performed in expert centers. Severe complications, pos-
sibly fatal, are not frequent, but the health care center has 
to be prepared to treat them. The overall number of se-
vere adverse events is assessed 1.1% with the overall pro-
cedure-related mortality of 0.055%.23 The complications 
of RHC can be classified into three groups: complications 
associated with the access, with the catheter position in 
pulmonary circulation and with the vasoreactivity test. 
The most common complications are: hematomas (5.3%), 
intramural hematomas caused by catheter placement 
(28–61%), benign arrhythmias (> 20%).24

RHC may be technically difficult and demanding, and 
it has to be conducted according to a  strict protocol to 
ensure reproducibility of results. The pressure transducer 
should be set up prior to measurement. The  initial set-
tings of the pressure transducer should be standardized, 
because they influence the hemodynamic results, espe-
cially RAP and PWP.25 The recommendation for zeroing 
the pressure transducer suggests zeroing at the midtho-
racic line in a supine position, halfway between the ante-
rior portion of sternum and the bed surface.26 This repre-
sents the level of the left atrium.26

Based on the current guidelines dated on 20158 the fol-
lowing variables have to be recorded during RHC:
– Pulmonary arterial pressure = PAP (systolic, diastolic, 

mean)
– Right atrial pressure = RAP
– Pulmonary wedge pressure = PWP, which should be re-

corded as a mean of 3 measurements at end-expiration26

– Right ventricular pressure = RVP8

The high superior vena cava, inferior vena cava, pulmo-
nary artery (PA), and systemic arterial blood oxygen satu-
rations should also be determined8, along with the heart 
rate and systemic blood pressure. Cardiac output (CO) 
must be measured thrice, preferably by thermodilution 
or by Fick’s method, if oxygen consumption is assessed.8 
Fick’s method is mandatory in the presence of a system-
ic-to-pulmonary shunt.8 The  preferred method of mea-
suring CO is thermodilution, which provides reliable 
measurements even in patients with very low CO and/or 
severe tricuspid regurgitation.27 However, the gold stan-
dard for CO measurement is direct Fick’s method, which 
requires direct measurement of the oxygen uptake, and 
is not widely available. Instead of this, many health care 
centers use indirect Fick’s method, which uses estimated 
values for oxygen uptake derived from tables.26 It is neces-
sary to remember that using the thermodilution method 
with Swan-Ganz catheter (placed in the pulmonary ar-
tery), the de facto pulmonary flow is measured.6,7 If there 

is no shunt between systemic and pulmonary circulation, 
pulmonary flow is identical with systemic flow.6, 7

Those measurements are required to calculate pul-
monary vascular resistance (PVR). Adequate recording 
of PWP is required for the differential diagnosis of PH 
resulting from LHD.8 A PWP > 15 mm Hg excludes the 
diagnosis of pre-capillary PAH.8 Heart failure with a pre-
served ejection fraction (HFpEF) and a diastolic dysfunc-
tion is one of the most challenging differential diagnoses 
of PAH.28 In such patients, PWP may be mildly elevated 
or at the upper limit of the reference range at rest.10 Inter-
pretation of PWP should be taken only in the clinical con-
text. In many patients with LHD, PWP may be reduced 
to < 15 mm Hg with diuretics.29, 30 In those situations, the 
effect of an acute volume challenge on left heart filling 
pressure has been considered.31 Limited data suggests 
that a fluid bolus of 500 mL appears to be safe and may 
discriminate patients with PAH from those with LV dia-
stolic dysfunction.32

Normal ranges of hemodynamic parameters in pulmo-
nary circulation are listed in Table 2.

Right heart catheterization 
in heart transplantation 
consideration process

Although the role, significance and settings of phar-
macological testing remain unclear in PH resulting from 
LHD, it is recommended in heart transplantation candi-
dates to identify patients at a  higher risk of acute post-

Table 2. The hemodynamic parameters in pulmonary circulation – based 
on

Parameters Normal range

Central venous pressure (CVP) 3–8 mm Hg

Right atrium pressure (RAP) mean 0–8 mm Hg

Right ventricle pressure (RVP) systolic 15–30 mm Hg

Pulmonary artery pressure (PAP)
   systolic
   mean
   diastolic

15–30 mm Hg
8–20 mm Hg
3–12 mm Hg

Pulmonary wedge pressure (PCWP) 4–15 mm Hg

Left atrium pressure (LAP) mean 2–12 mm Hg

Left ventricle end-diastolic pressure 5–12 mm Hg

Cardiac output (CO) 4–8 L/min

Cardiac index (CI) 2.5–4.2 L/min x m²

Pulmonary vascular resistance (PVR) < 2.5 WU

Total pulmonary resistance (TPR) < 3.5 WU

Pulmonary vascular resistance index (PVRI) < 3.0 WU

Systemic vascular resistance (SVR) 10–20 WU

Oxygen saturation in pulmonary trunk 70–80%

WU = Wood units.
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operative RV failure.33 In  heart transplantation candi-
dates, a persistent increase in PVR > 2.5 Wood units and/
or TPG > 15 mm Hg are associated with up to a 3-fold 
increase in risk of RV failure and early post-transplant 
mortality.34 This risk may be reduced, when PVR can be 
lowered pharmacologically (e.g. with i.v. nitroprusside) 
– vasoreactivity testing.35

According to ISHLT guidelines concerning heart trans-
plantation qualification, RHC is one of the most impor-
tant examinations. Indications for diagnostic right heart 
catheterization in heart transplant candidates are listed in 
Table 3.36

Vasoreactivity testing
According to ISHLT, a vasoreactivity test should be per-

formed when PVR is > 3 Wood units, TPG > 15 mm Hg, 
Spap > 50 mm Hg and systolic systemic arterial pressure is 
not lower than 85 mm Hg.37 However, it seems that such  
a test should be performed at earlier stages of vascular 
pulmonary disease (PVD), when the PVR is > 2.5 Wood 
units  and TPG> 12 mm Hg.38 If during a vasoreactivity 
test the previously increased PVR is reduced to less than 
2.5 Wood units, HTX becomes possible, if not accompa-
nied by a drop in systemic pressure < 85 mm Hg.6,7 If the 
reduction of PVR is accompanied by systemic hypotonia, 
the patient remains at risk for early postoperative right 

ventricular failure and increased perioperative mortal-
ity.39

A vasoreactivity test should be carried out under condi-
tions of optimal alignment of the circulatory system with 
systolic blood pressure of at least 85 mm Hg.6,7 The fol-
lowing substances are presently recommended: sodium 
nitroprusside (NPS), nitric oxide (NO), milrinone, silde-
nafil, prostaglandin E1 IV or a synthetic analog of prosta-
cyclin (iloprost) inhalation,6,7 while according to the new 
ESC guidelines inhaled nitic oxide (at 10–20 parts per 
million (ppm)) is the standard of care for vasoreactivity 
testing (I, C).8 Intravenous epoprostenol (I, C), intrave-
nous adenosine (IIa, C) or inhaled iloprost (IIb, C) can be 
used as alternatives.8 Although a variety of drugs are used 
in different centers, the current scientific evidence sug-
gests a relationship with transplantation outcomes only 
for the tests with sodium nitroprusside (Fig. 2).40 A posi-
tive response to vasoreactivity testing is defined as a re-
duction of mean PAP ≥ 10 mm Hg to reach an absolute 
value of mean PAP ≤ 40 mm Hg with an increased or un-
changed cardiac output (I, C).8 In HTX qualification pro-
cess PH is recognized as reversible, if in the vasoreactivity 
test with one of above-mentioned substances, reduction 
of PVR is < 2.5–3 Wood units, TPG < 12 mm Hg without 
downfall of systemic blood pressure.6,7

RHC determines contraindications to heart transplan-
tation. The RHC parameters assessed in the heart trans-
plantation candidates are e.g. PVR and TPG (Table 4).36

Table 3. Recommendation for diagnostic RHC in heart transplant candidates36

Statement Class of recommendation Level of evidence

Right heart catheterization (RHC) should be annually on all candidates in preparation for listing for 
cardiac transplantation until transplantation

I C

RHC should be performed at 3- to 6-month in listed patients, especially in the presence of 
reversible pulmonary hypertension or worsening of heart failure symptoms

I C

A vasodilator challenge should be when the pulmonary artery systolic pressure is ≥ 50 mm Hg 
and either the transpulmonary gradient (TPG) is ≥ 15 or the pulmonary vascular resistance (PVR) 
is > 3 Wood units while maintaining a systolic arterial blood pressure > 85 mm Hg

I C

When an acute vasodilator challenge is unsuccessful hospitalization with continuous 
hemodynamic monitoring should be performed, as often the PVR will decline after 24 to 48 h of 
treatment consisting of diuretics, inotropes and vasoactive agents such as inhaled nitric oxide

I C

If medical therapy fails to achieve hemodynamics and, if the left ventricle cannot be effectively 
unloaded with mechanical adjuncts, including an intra-aortic balloon pump (IABP) and/or left 
ventricular assist device (LVAD), it is reasonable to conclude that the pulmonary hypertension is 
irreversible

IIb C

Table 4. Important hemodynamic parameters to assess potential transplant candidates36

Pulmonary artery hypertension and elevated PVR should be considered as a relative contraindication to cardiac transplantation when the PVR is > 5 Wood 
units or the PVR is > 6 or the TPG exceeds 16 to 20 mm Hg

If the PAS exceeds 60 mm Hg in conjunction with any 1 of the preceding 3 variables, the risk of right heart failure and early death is increased

If the PVR can be reduced to < 2.5 with a vasodilator but the systolic blood pressure falls < 85 mm Hg, the patient remains at high risk of right heart failure 
and mortality after cardiac transplantation

Calculations: transpulmonary gradient (TPG [mPAP – PCWP]); pulmonary vascular resistance (PVR [TPG/CO Wood units]); pulmonary vascular resistance index 
(PVRI [TPG/CI]).
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Summary
Pulmonary hypertension, secondary to left heart dis-

ease, is a frequent problem in the clinical practice. With 
the clinical state of HF patients worsening, the incidence 
of PH increases. Right heart catheterization as the “gold 
standard” in diagnosis and differentiation of pulmonary 
hypertension is a very important part of heart transplan-
tation qualification process. There are efficient and feasi-
ble diagnostic methods available, and the number of sites 
able to diagnose PH is constantly increasing There still 
remains, however, the problem of a lack of targeted causal 
treatment. Specialists have limited therapeutic possibili-
ties which relieve the symptoms in patients with PH, how-
ever the outcomes still remain unsatisfactory.
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Abstract
Glucocorticoid receptor (GR) activity plays a significant role in the etiology of obesity and is essential for 
glucose homeostasis, the development of hyperinsulinaemia and subsequent increased fat deposition. 
Several polymorphisms in the GR gene have been described, and at least three of them seem to be as-
sociated with altered glucocorticoid sensitivity and changes in glucose homeostasis, and other metabolic 
parameters. The N363S polymorphism has been associated with increased sensitivity to glucocorticoides, 
increased insulin response to dexamethasone and increased plasma glucose level. BclI polymorphism is 
associated with increased abdominal obesity, hyperinsulinaemia and increased insulin resistance. Another 
polymorphism, ER22/23EK, in contrast to the others, is associated with relative resistance to glucocoricides 
actions and more beneficial metabolic profile-lower insulin resistance level, decreased lower cardiovascular 
risk and subseuent prolongation of life time. More research is still needed to understand the mechanisms 
behind these associations at the molecular level.

Key words: obesity, glucocorticoid receptor polymorphism, N363S, BclI, ER22/23EK

DOI
10.17219/acem/41231

Copyright
Copyright by Author(s) 
This is an article distributed under the terms of the  
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Reviews

Glucocorticoid receptor polymorphism in obesity  
and glucose homeostasis

Agnieszka Majer-Łobodzińska1, A–D, Joanna Adamiec-Mroczek2, A, E, F

1 Department and Clinic of Angiology, Hypertension and Diabetology, Wroclaw Medical University, Poland
2 Department and Clinic of Ophtalmology, Wroclaw Medical University, Poland

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;  
D – writing the article; E – critical revision of the article; F – final approval of article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2017;26(1):143–148



A. Majer-Łobodzińska, J. Adamiec-Mroczek. GCS receptor polymorphism in obesity144

Glucocorticoids (GCs) play an important role in regulat-
ing many basic physiological processes. These hormones 
are synthesized by the adrenal gland cortex and they play 
a key role in the majority of physiological processes, such as 
metabolism, immunological processes, inflammatory reac-
tions, skeletal system development or reproduction. They 
are also significant in regulating the functioning of the cen-
tral nervous system, the cardiovascular system and main-
taining body water-electrolyte homoeostasis. Synthetic 
GCs constitute an important group of medicines applied 
in inflammatory, autoimmune and lymphoproliferative 
diseases treatment. Cortisol is responsible for around 95% 
of steroid activity in the human body. Cholesterol, deriv-
ing mainly from low-density lipoproteins found in plasma 
(LDL), is the precursor in the synthesis of adrenal steroids. 
The regulation of endogenous GR secretion takes place at 
the hypothalamic–pituitary–adrenal axis. Cortisol circu-
lates in plasma in the form bound with proteins, mainly 
with CBG (corticosteroid-binding globulin), less with albu-
mins. The protein-bound form is inactive. The unbound, 
biologically active fraction constitutes around 3–10% of 
the total amount of cortisol in the vascular bed.1–3

The cortisol effect is achieved by means of glucocorti-
coid receptors (GRs) found in the cytoplasm, nucleus and 
cell membrane. These receptors belong to the nuclear 
receptor subfamily 3, which are ligand-dependent tran-
scription factors; they not only transfer the information 
found in the hormone molecule, but also are important 
transcription factors.1–3

Hormonal activity of adrenal glands seems to be an im-
portant factor in the development of hyperinsulinaemia 
and increased fat deposition.4 Cortisol accelerates pre-
adipocyte differentiation by which preadipocytes become 
adipocytes in visceral adipose tissue (yet it inhibits their 
proliferation) and increases lipid storage, which leads to 
fat cells hypertrophy.5 In  the liver, by affecting glucose-
6-phosphatase and phosphoenolpyruvate carboxykinase, 
it increases gluconeogenesis and makes liver cells more 
sensitive to glucagon. What is more, it induces insulin 
resistance by decreasing glucose uptake in peripheral tis-
sues, which results in insulin concentration elevation in 
blood.6

The purpose of this paper is to present the role of gluco-
corticoid receptor polymorphism in obesity pathogenesis 
and glucose homeostasis.

GC receptor composition  
and its gene expression

The glucocorticoid receptor (GR) is a protein composed 
of 777 amino acids.

The receptor consists of several domains:
 z N-terminal activation domain (AF1) that affects the 

activation of receptor and interaction with other tran-
scription factors.

 z Central DBD –  DNA  binding domain which includes 
zinc fingers enabling the binding of GR and DNA. 
The domain also contains a dimerization loop (D-loop), 
a sequence of 5 amino acid residues that determine the 
formation of dimers by active GR.

 z NLS domain (nuclear localisation signal). It  is a hinge 
region responsible for receptor translocation to the nu-
cleus, which is involved in the conformational change 
of the receptor upon binding of the hormone molecule.

 z LBD, ligand binding domain.
 z C-terminal activation domain which enables binding 

with coactivator proteins.7–9

The GR receptor is found in three locations: cytoplasm, 
nucleus and plasma membrane. In cytoplasm, GR has the 
form of a monomer, which enables direct protein-protein 
interaction with other extranuclear regulatory proteins, 
and indirectly allows for gene expression change. An inac-
tive GR in the cytoplasm is combined with the conglomer-
ate of proteins deactivating the receptor, including chap-
eron proteins: hsp 90, hsp70and hsp56.2,8 In the nucleus, 
GR is found solely as a dimer. Both mechanisms of action, 
cytoplasmic and nuclear, are defined as genomic since they 
involve gene expression regulation. The  presence of the 
glucocorticoid receptor has been also found in the plasma 
membrane. GR localized in the plasma membrane oper-
ates in a nongenomic mechanism by means of rapid chang-
es in the activity of various signal transduction pathways.10

GRs are encoded by a single gene located on chromo-
some 5 (region 5q31p).1 Post-transcriptional processing 
leads to the formation of two receptor isoforms: α and β. 
They differ in length of the polypeptide chain and binding 
abilities. Isoform α is an active form of the receptor that 
binds GCs. Isoform β cannot bind the hormone; however, 
it may bind DNA, thus downregulating genes by blocking 
the binding site for active isoform α. Clinically, this may 
result in secondary resistance to GCs.11 Inflammatory 
process may increase β  isoform expression. It  has been 
shown that pro-inflammatory cytokines IL-1, IL-2, IL-4, 
IL-13, TNF  α particularly strongly activate the mecha-
nisms of alternative splicing. Originally, GR β is present in 
the nucleus regardless of the activation state of the recep-
tor. If GR α is missing, GR β is transcriptionally inactive. 
However, if both isoforms undergo expression in the same 
cell, GR β acts as an activity inhibitor for GR α.11 Hence, 
a hypothesis has been put forward that the reduced sen-
sitivity to glucocorticoid may result from an excessive ex-
pression of β isoform of the receptor.

Glucocorticoid receptor 
polymorphism

Most glucocorticoid activity is triggered by a glucocor-
ticoid receptor. Sensitivity to glucocorticoid hormones 
differs among individuals. However, an individual re-
sponse to GCs is quite stable, which has been proven by 
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the experiment with the use of dexamethasone suppres-
sion test.12 Many studies show that this is connected with 
GR gene polymorphism. So far, several different poly-
morphisms have been identified. Some of them seem to 
be related to changeable sensitivity to GCs, obesity and 
changes in glucose homeostasis.

Polymorphism N363S
One of the most often described polymorphisms in lit-

erature is N363S. It results from a transition in exon 2 of 
GR gene in codon 363 – substitution of adenine with gua-
nine, which leads to the substitution of asparagine with 
serine in the polypeptide chain of GR receptor. The rela-
tionship between N363S polymorphism and obesity has 
been shown by Huezinga et.al.13 It was demonstrated that 
carriers (heterozygote individuals) of this polymorphism 
have a higher body mass index (BMI) in comparison to 
individuals without this polymorphism (“wild-type” indi-
viduals). In addition, it was shown that N363S polymor-
phism is related to increased sensitivity to GR in vivo, 
which has been confirmed in the suppression test of corti-
sol secretion after administration of a small dose (0.25 mg) 
of dexamethasone. This research also showed that fasting 
glucose levels before dexamethasone administration were 
similar in the group of N363S carriers and in the group of 
wild-type individuals, but after the administration of 1 mg 
of dexamtehasone it was stated that the level of plasma 
insulinaemia increased significantly among the carriers 
of the described polymorphism in comparison with the 
control group. In an analogous study with a smaller dose 
of dexamethasone (0.25 mg) in the control group, insu-
lin concentration decreased slightly, while in the group of 
N363S carriers average insulin concentration increased. 
It  was assumed that low steroid dose in the carriers of 
N363S polymorphism forces insulinaemia growth in or-
der to maintain the correct glycemia. This further indi-
cates that the carriers of N363S polymorphism are more 
sensitive to glucocorticoid.

Lin et al.14 showed a strong relationship between obesity 
and the described polymorphism. The subjects were divid-
ed into 2 groups – persons with correct arterial pressure 
whose parents did not suffer from arterial hypertension 
and persons with primary hypertension whose parents also 
suffered from this disease. The frequency of allele Ser 363 
occurrence in both groups was similar at the level of 7.4%. 
However, the research revealed a clear relationship of al-
lele Ser 363 with incorrect body mass among the analyzed 
patients. Among patients with correct body mass, this allele 
was rarely found (only in 1.8% of people). All homozygotes 
(100%) for this polymorphism were characterized by an in-
creased body mass. N363S variant was present in 83% of 
the subjects suffering from arterial hypertension and over-
weight. Moreover, it has been demonstrated that this effect 
is allele-dependent; homozygotes, analyzed for the pres-

ence of this allele, were characterised by an increased BMI 
in comparison to heterozygotic individuals.14

Also the research conducted by Di Blasio’s15 team con-
firmed the relationship between obesity and glucocorti-
coid receptor genotype. Patients with obesity were exam-
ined (mean BMI 45.9 ± 0.9 kg/m2) and 106 patients with 
correct body mass. In the group of patients with obesity, 
10% were diagnosed with type  2 diabetes, successfully 
controlled with a proper diet. Similarly to previous stud-
ies,13 the fasting glycemia and insulin sensitivity assessed 
using QUICKI, Quantitative Insulin Sensitivity Check In-
dex16 were similar for allele Ser 363 carriers and wild-type 
individuals. Di Blasio et al.,15 on the basis of their observa-
tions, tried to explain pathophysiological role of N363S 
polymorphism in the development of obesity by specu-
lating that increased sensitivity of carriers of this genetic 
variant to glucocorticoids may lead to an increased insu-
lin secretion in response to hormonal stimulus, which in 
theory may underlie the increased lipogenesis and pos-
sible subsequent body mass increase.

The relationship between N363S polymorphism and an 
increased body mass has been questioned by Rosmond 
et  al.,17 who did not find any relationship between BMI 
and GR genotype. Similar conclusions were drawn from 
the analyses of Dobson et al.18 conducted on the Cauca-
sian population. The authors did not demonstrate the re-
lationship between the presence of N363S and increased 
body mass. However, they confirmed higher values of 
WHR (waist-to-hip ratio) among men who were hetero-
zygotic for the described allele.

In 2006, Marti et al.19 published a meta-analysis of the 
effect N363S polymorphism has on obesity among peo-
ple. The study was based on research conducted among 
the Spanish and German population. Also, an attempt 
was made to summarize data from previously published 
12 studies. The total number of subjects in this study was 
5,909 from different countries in the world. The analysis 
of the collected data proved that the carriers of N363S 
polymorphism in BMI  <  27  kg/m2 group were charac-
terized by elevated BMI values. The comparison of per-
sons suffering from obesity and those with correct body 
mass did not show any statistically significant differences 
in BMI between the carriers of the described polymor-
phism and those with the consensus genotype. In Europe, 
the frequency of homo- and heterozygotes carrying the 
described polymorphism was between 4–6% in the Ger-
man, Spanish, French and British populations, and be-
tween 9–15% in the Swedish and Danish populations. Yet, 
the frequency of allele 363S in the Australian population 
was between 12–13% among individuals with the correct 
body mass and 26–27% in people with obesity. It was sur-
prising to learn that 363S variant of GR receptor in Ger-
man and British populations is more often found among 
individuals with correct body mass than among those 
with obesity.20 In the Polish population, the frequency of 
allele 363S is estimated at the level of 10%.21
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Polymorphism BclI
Another variant of glucocorticoid receptor is RFLP (re-

striction fragment length polymorphism) BclI. This term 
derives from the restriction enzyme used for its identifica-
tion. This type of polymorphism results from a substitution 
of nucleotides in exon 2, cytosine-guanine transversion.22 
The population of healthy non-atopic people in Poland has 
been identified with BclI polymorphism: GG, GC and CC 
with frequencies of 12.9, 47.1, 40.0% respectively.21

First studies conducted by Weaver et al.23 showed the 
relationship between the presence of the altered allele and 
glucose homeostasis. Among homozygotes 4.5 kb (GG) 
a significant increase of fasting insulin concentration and 
elevated values of HOMA factor were observed in com-
parison to the group of homozygotes 2.3 kb (CC) and het-
erozygotes CG (2.3/4.5 kb). The frequency of altered gen-
otypes was similar in both analyzed groups. The authors 
put forward the hypothesis that the presence of BclI poly-
morphism may directly influence glucocorticoid receptor 
gene expression or may be connected with the modula-
tion of transcriptional activity of genes encoding proteins 
responsible for maintaining glucose homeostasis.

Other studies have identified the relationship between 
the described polymorphism and abdominal obesity, but 
not general obesity.24–26 On the basis of many studies, it 
may be stated that this effect is allele-dependent-mutation 
of one allele has a  different effect than homozygosity. 
During a 12-year observation in the study conducted by 
Tremblay et al.,27 it was demonstrated that heterozygotic 
carriers of allele G (2.3/4.5 kb) present with an increased 
tendency to accumulate adipose tissue in comparison 
to homozygotes for both alleles. In  the study contain-
ing data from two Dutch cohort studies (the Hoorn and  
CODAM), Geelen et al.28 revealed that homozygous car-
riers of the G allele have significantly greater total body 
fatness, BMI and increased insulin resistance. The same 
conclusion came out of a  study carried out on children 
suffering from obesity. X-ray absorptiometry examination 
(allows for more precise investigations than anthropomet-
ric measures) revealed that homozygous carriers (GG) 
had an increased whole-body fat mass.29 The BclI variant 
is also associated with a lower frequency of insulin resis-
tance in women with polycystic ovary syndrome.30 These 
facts may support the hypothesis that BclI polymorphism 
has negative metabolic implications. The clinical signifi-
cance of screening glucocorticoid gene polymorphism 
may be useful for identifying subgroups of patients at-risk 
who would benefit the most from personalized treatment.

Polymorphism ER22/23EK
Yet another type of polymorphism of glucocorticoid re-

ceptor is caused by two point mutations. The first one is 
GAG ––>  GAA  transition. It  is found in codon 22 and 

does not cause any changes in polypeptide chain since 
both codons encode glutamic acid. The other mutation, 
AGG–––> AAG transition, takes place in codon 23 and 
leads to the substitution of arginine with lysine in the re-
ceptor’s polypeptide chain.31 The in vivo studies showed 
that the carriers of this polymorphism, as opposed to 
broadly described N363S polymorphism, have beneficial 
metabolic profile due to their lower sensitivity to gluco-
corticoid influence.32 In the study of van Rossum,32 con-
ducted in 202 elderly individuals, 18 heterozygotes were 
identified (8.9%) for ER22/23EK allele. A suppression test 
with dexamethasone was conducted twice. The  doses 
were 0.25 mg and 1 mg. The aim was to compare plasma 
concentrations of cortisol and insulin between the carri-
ers of the described polymorphism and individuals with 
wild genotype. After administering 1 mg of dexametha-
sone in the group of ER22/23EK carriers, increased levels 
of plasma cortisol concentration were observed. What is 
more, the carriers of this mutation present with a  lower 
concentration of insulin while fasting and lower insulin 
resistance factors as well as LDL cholesterol concentra-
tion. It was agreed that the carriers of ER22/23EK allele 
are more resistant to corticosteroid influence, which is 
reflected in a beneficial metabolic profile. What is more, 
the presence of this polymorphism results in lower insulin 
concentration and glycemia before and after 1 mg dexa-
methasone suppression test, which are most probably 
the consequence of relative resistance to glucocorticoid 
influence. Lower values of HOMA-IR factor characterize 
the carriers of this allele and indicate a higher individual 
sensitivity to insulin.32

Van Rossum et  al.33 made an attempt at analyzing 
a well-known effect of glucocorticoids on adipose tissue 
redistribution and reduction of muscle mass in the con-
text of ER22/EK23 polymorphism. This mechanism of ad-
renal gland cortex hormones activity plays an important 
role in the lipid metabolism. It is directly related to insulin 
sensitivity, development of potential glucose homeostasis 
disorders, and, in consequence, it strongly influences gen-
eral cardio-vascular risk. The authors, for 23 years, were 
observing a group of 350 people (aged 13–36) in order to 
compare anthropometric parameters between the carri-
ers of the described gene polymorphism and wild geno-
type carriers. The percentage of ER22/EK23 allele carri-
ers was similar to the one from the previous study and it 
reached 8%. It was proven that the carriers of this poly-
morphism are taller, have more non-adipose body mass, 
bigger thigh size and more muscle strength. No differ-
ence in BMI or adipose mass was noticed in both groups. 
Among females, lower WHR indicator was observed.33

A detailed mechanism of such activity on the molecular 
level is still unknown. Amino acids sequence change may 
result in alterations to the quaternary receptor structure. 
Due to the fact that codons are located closely to transac-
tivating domain, the above change may influence the ac-
tivation or repression of the target genes. This effect may 
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be also connected with changes in the secondary receptor 
structure, which, in turn, may influence a more frequent 
presence of GRβ form, and at the same time, may explain 
lower sensitivity to glucocorticoids.34

Observations among the Danish community say that the 
frequency of ER23/22EK allele presence goes up with age. 
What is more, this genotype variant may decide about the 
prolongation of life.35 The study encompassing a group of 
elderly individuals showed that among individuals with 
the wild genotype, in the 4-year observation period, the 
percentage of deaths was 19.2%, while in the group of the 
described allele carriers, everybody survived the obser-
vation period. Lower levels of C-reactive protein (CRP), 
lower total cholesterol concentration and LDL fractions 
were also observed in the examined population. Bet-
ter cardiovascular profile may be connected with a ben-
eficial metabolic profile and lower inflammatory activity. 
It is also important to highlight the higher percentage of 
non-adipose body mass, which is related to better insulin 
sensitivity and is an important factor in reducing general 
cardio-vascular risk.

In  2006, Kuningas et  al.36 published research results 
about the influence of polymorphism of GR receptor on 
the general cardio-vascular risk in the group of people 
over 85. The  carriers of ER23/22EK mutation showed 
higher levels of HbA1C than individuals with the wild 
genotype. Additionally, these patients were diagnosed 
with elevated levels of CRP. No influence on the increased 
or lowered cardio-vascular risk or increased mortality in 
any of the groups was indicated.

Dutch authors,37 on the basis of 19-year-long observa-
tion of a group of children born pre-term, before the 32nd 
week, demonstrated that the presence of the described 
allele is connected with a  lower fasting insulin concen-
tration and lower values of insulin resistance indicators. 
It was also said that children born pre-term, the carriers of 
ER23/22EK allele, were catching up with height deficien-
cies before the age of one, and their final height was simi-
lar to the average height of the population. In the group of 
pre-term children with the wild genotype, the final height 
was, on average, one half the standard deviation smaller. 
Both the equality of height and lower insulin levels seem 

to corroborate the hypothesis on relative resistance of 
ER22/23EK genotype carriers to GCs effect.37

The  described polymorphisms in GR receptor gene 
may significantly contribute to the observed diversity in 
sensitivity to endo- and exogenous glucocorticoids. In Ta-
ble 1 we show relationships of individual polymorphisms 
and fasting glucose concentration, insulin concentration, 
insulin resistance, body mass and general cardio-vascular 
risk due to cited studies. The summarized data may sug-
gest that the analysis of GR gene sequence could be a risk 
indicator for certain diseases, including diseases connect-
ed with glucose homeostasis and obesity, as well as a pre-
dictor of response to GR treatment and adverse events, 
such as glucose homeostasis disorders in the treatment 
with adrenal gland cortex hormones. These findings, 
however, require additional research in order to verify 
their clinical importance.
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Abstract
A number of reports on the pathogenic influence of Campylobacter concisus on the human body and its 
role in many diseases of the gastrointestinal system, including gastroesophageal reflux disease, Barrett’s 
esophagus and inflammatory bowel disease, have appeared lately. Campylobacter concisus is a Gram nega-
tive bacteria which requires an anaerobic environment or microaerophilic environment with hydrogen for 
growth and is therefore difficult to culture. Due to this difficulty, the rate of infections in epidemiological 
data are underestimated. There are reports that C. concisus was the only pathogen isolated from the stool 
of patients with acute diarrhea, which could indicate that it is an etiologic factor of acute gastrointestinal 
infections in humans. Moreover, the results of some studies suggest that infection with C. concisus is a factor 
predisposing to the development of gastroesophageal reflux disease and Barrett’s esophagus, conditions 
which may be present before the development of cancer. There are also studies which indicate C. concisus 
infection as a trigger of inflammatory bowel disease, since it has been demonstrated that C. concisus is pres-
ent more frequently in patients with newly diagnosed Crohn’s disease than in a control group.
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Infections with bacilli from the Campylobacter genus 
are the most frequent cause of acute bacterial diarrhea 
in developed countries.1 In European countries, the fre-
quency of infections evoked by these bacteria outnum-
bers the frequency of infections caused by Salmonella.2 
Campylobacter jejuni and Campylobacter coli are the ge-
nuses which cause disease symptoms most frequently.3 
Progress in molecular techniques and the development 
of innovative culture methods has led to the isolation 
of other genuses than Campylobacter jejuni/coli such as 
C. concisus, C. upsaliensis and C. ureolyticus.4 The Cam-
pylobacter genus is comprised of 20 species and subspe-
cies.3 The clinical manifestations of Campylobacter infec-
tions are caused not only by gastrointestinal infection but 
also by periodontitis and inflammatory bowel disease. 
In  some situations, a  life-threatening generalized infec-
tion of the whole human body may be a  complication 
of intestinal infection.4 C.concisus is a  bacteria which is 
drawing the increasing interest of investigators who are 
involved in studies on gastrointestinal disease etiology.

Campylobacter concisus was first isolated in 1981 by 
Tanner et  al. from material coming from patients with 
periodontitis and gingivitis.5–8 It  is a Gram-negative rod 
which, in order to grow, requires anaerobic or microaero-
philic conditions as well as the presence of hydrogen.5,7–9 
The bacterial cells are curved or spiral, and their dimen-
sions are 0.5–2 × 2–6 µm.5,7,8,10 They have the ability to 
move due to the presence of flagella.5,7,11 C. concisus is 
a species that requires specific environmental conditions 
in order to grow, namely a special substrate enriched with 
hydrogen and a microaerophilic environment, which are 
not used in the routine diagnostic procedures of gastro-
intestinal infections. For this reason, the pathogen is rela-
tively rarely isolated, and its pathogenicity is underesti-
mated.12,13 C.concisus is characterized by several virulence 
factors i.e. it produces hemolysin, cytolethal distending-
like toxin (CDT) –  a  cell cycle modulation toxin, RTX 
toxin and outer membrane fibronectin-binding protein 
6).6,8,13–16 RTX toxin is synthesized by some Gram-neg-
ative bacteria. This toxin forms pores and has the ability 
of selective binding, which results in a more efficient con-
nection with specific cells.6,16,17 The  fibronectin-binding 
protein is probably responsible for the adherence of bacte-
ria to host cells.6,16 There are also reports that C. concisus 
produces phospholipase and ligase, which are involved in 
the process of aggregation and adhesion to host cells, and 
Acr protein that can modulate the immune response of 
the host, and in this way perpetuate the state of inflamma-
tion.6,8 In vitro studies have demonstrated that C. concisus 
may cause damage to the epithelial cells and reduce the 
tightness of adhesion of cells to each other, which cor-
responds to the mechanism of the development of diar-
rhea.7,9,18 The impact of C. concisus on intestinal epithelial 
cells has not been definitively clarified.13

There are at least several different genotypes of C. con-
cisus with different abilities to induce damage to the in-

testinal epithelial cells, and with various virulence and 
clinical pictures of the infection.6,7,11,15,19,20 In  in vitro 
studies, a  C. concisus strain isolated from a  child with 
newly-diagnosed Crohn’s disease exhibited a  greater 
ability to attach to and to invade the epithelial cells lin-
ing the intestine than strains isolated from patients with 
inflammation of the gastrointestinal tract. Furthermore, 
C. concisus strains isolated from healthy individuals were 
able to adhere to epithelial cells but lacked the ability to 
invade.13,20 The studies by Kaakoush et al. have confirmed 
that C. concisus’ invasive potential is different in the case 
of strains isolated from patients with chronic inflamma-
tory bowel disease than those isolated from healthy peo-
ple or from patients with acute gastroenteritis.15 Based 
on the studies conducted, Man et al. have hypothesized 
that the presence of inflammation before C. concisus in-
fection increases the ability of the pathogen invasion.13 
Unlike other bacteria of the genus Campylobacter spp., 
C. concisus has not been detected in healthy animals.5,10 
Moreover no non-human host for this microorganism has 
been discovered.5,9 No animals that could be a carrier for 
C. concisus have been discovered, although the bacterium 
has been isolated from pet dogs with diarrhea.18 However, 
the presence of the bacteria has been found in poultry 
meat and ground beef, which could suggest that C. con-
cisus infection may be a zoonosis. This issue requires fur-
ther investigation.10 The collected data suggests that man 
is a natural host for C. concisus, and the main location of 
colonization is the oral cavity.8 C. concisus has been rec-
ognized as an opportunistic organism for humans, which 
can cause periodontitis, gum infections and gastrointesti-
nal infections.5,21,22 The epidemiology of infections caused 
by C. concisus is unknown, due to the lack of testing in 
the general population. There are speculations that the 
infection of further sections of the gastrointestinal tract 
is caused by endogenous (strains from the oral cavity) or 
exogenous (contaminated objects) mechanisms.8

C. concisus and gingivitis and 
periodontitis

The prevalence of C. concisus in the oral cavity is up to 
97%, although it is not the dominant bacteria in the oral 
microbiome.23 All the current tests indicate that C. conci-
sus infection can cause periodontitis and gingivitis espe-
cially in the early stages accompanied by bleeding.5,6,12,20 
Patients with periodontal disease show increased concen-
trations of anti-C. concisus antibodies in blood serum in 
comparison with a  clinical control group.24 This bacte-
rium has been more often isolated from the oral cavity of 
patients in the early stages of periodontal disease than in 
healthy patients or those with chronic inflammation.6 At 
this stage, there is not enough evidence to confirm that 
C. concisus is the pathogen responsible for the develop-
ment of oral diseases.25 So far it has not been clarified 
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whether C. concisus is a  commensal in the oral cavity, 
an opportunistic microorganism that causes infection in 
certain circumstances or a pathogen responsible for the 
development of certain oral conditions.6

C. concisus and esophagus 
diseases

Gastroesophageal reflux disease and Barrett’s esopha-
gus are diseases resulting from the long-term impact of 
stomach acid or bile reflux on the esophageal mucosa. As 
a result of that, the squamous epithelium and lamina pro-
pria are damaged.26 Both gastroesophageal reflux disease 
and Barrett’s esophagus are conditions that often precede 
the development of esophagus cancer.22,26,27 In  the last 
30 years the incidence of esophageal cancer has increased 
6-fold. At the same time, an increase in the incidence of 
gastroesophageal reflux disease was observed. It  seems 
that such a dynamic increase in the number of cases may 
have environmental background. However, the reason has 
not been fully clarified.28 There is also a hypothesis that 
the changes in the composition of the esophageal micro-
flora contribute to the progression of the inflammatory 
process in gastroesophageal reflux disease to a pre-can-
cerous condition (Barrett’s esophagus).27 In  the esopha-
gus, there is a biofilm which is changed in these condi-
tions. The  importance of this change in the etiology of 
esophageal pathology has not been elucidated.22

Studies on the composition of the distal esophagus mi-
croflora have shown that two types of this microflora can 
be distinguished. In  the first type, more Gram-positive 
bacteria, mainly from the Streptococcus genus, are ob-
served.22,26,28,29 Streptococci constitute nearly 79% of the 
microflora in the healthy esophagus. In type II, a domi-
nance of Gram-negative bacteria is observed (Bacteroi-
des, Proteobacteria, Fusobacterium and Spirochaetes). 
In this type, the role of bacteria of the Streptococcus ge-
nus is much smaller (30%). The  presence of bacteria of 
24 other types can be observed, generally Gram-negative, 
including Campylobacter.22.26,28 Type II is often diagnosed 
with a pathology of this part of the gastrointestinal tract 
together with gastroesophageal reflux disease and Bar-
rett’s esophagus.26,28 It is estimated that gastroesophageal 
reflux disease and Barrett’s esophagus are 15 times more 
likely to occur in patients with the type II microbiome.28 
The  percentage of Gram-negative bacteria is 3  times 
higher in the type II microbiome than in type I. Consid-
ering the fact that most of them show pro-inflammatory 
behavior in the oral cavity, it is likely that similar effects 
may show in other sections of the gastrointestinal tract.26

Lipopolysaccharide (LPS), which is the outermost com-
ponent of the bacterial cell membrane of Gram-negative 
bacteria, acts like an endotoxin which stimulates many 
types of cells to the production of pro-inflammatory cy-
tokines, activation of the transcription factor NF-κ B (nu-

clear factor κ B), and may cause a decrease in the voltage 
of the lower esophageal sphincter and a  delay in gastric 
emptying.26,27,30 In reflux disease and Barrett’s esophagus 
we can observe increased activity of the NF-κ B pathway, 
which is not present in a healthy esophagus.26,31 NF-κ B is 
a major factor controlling the activity of pro-inflammatory 
factors in epithelial cells.32 Activation of the NF-κ B path 
is equivalent to increased levels of proinflammatory cyto-
kines like Il-1, IL-6, IL-8 or TNF α, contributes directly to 
stimulating an immune response and influences the rate of 
neoplastic transformation.26,31 Type II microbiome could 
be used as an indicator of the need for intervention in daily 
practice if it were proved that its presence contributes to 
the progression of erosive esophageal cancer.26 However, 
the conducted studies do not explain, whether the medi-
cal conditions of the esophagus arise from the qualitative 
change of microflora in the lower section of the esophagus 
from type I to II, or the change of type of microorganisms 
inhabiting this section of digestive tract is due to a disease 
state which is an inflammation of the esophagus. This re-
quires further studies.29,30 However, if these changes are 
causally related to the progression of Barrett’s esophagus, 
the removal of the dominant bacteria could be the primary 
goal of therapy through the use of antibiotics, probiotics 
and prebiotics. In  the studies of Blackett et  al., patients 
with esophageal reflux disease and Barrett’s esophagus had 
a  lower number of all types of bacteria compared to the 
control group, with the exception of the genus Campylo-
bacter.22 The most frequently isolated species was C. conci-
sus. The presence of this bacteria was observed only in the 
diseased esophagus. This was not observed when compar-
ing patients with esophageal cancer and the control group. 
Moreover, in patients with reflux esophagitis and Barrett’s 
esophagus, together with diagnosed C. concisus, signifi-
cantly higher levels of IL-18 than in the control group were 
observed. It has been reported that IL-18 affects the devel-
opment of cancers, including gastric cancer.22 In the stud-
ies of Mafarlane et al., C. concisus was found in 57% of pa-
tients with Barrett’s esophagus, but there were no patients 
with C. concisus in the control group.12 Zehng et al. dem-
onstrated that Campylobacter infection is accompanied by 
the elevation of IL-8 and TNF α, which could also play an 
important role in the initiation of malignant transforma-
tion.32 It seems that changing environmental conditions in 
the esophagus, for example exposure to acidic gastric con-
tents, favors the colonization of the gastrointestinal tract 
by C. concisus. The original change, however, has not as yet 
been established and requires further studies.22

C. concisus and gastrointestinal 
tract infections

The  first reports that C. concisus may also colonize 
other than the oral cavity sections of the gastrointestinal 
tract come from 1987.5,6 Already in 1991, Lauwers et al., 
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based on their study, drew attention to the relatively fre-
quent isolation of C. concisus from stool samples in pe-
diatric patients (2.4%) and adults (1.5%) with diarrhea. 
It is interesting that this symptom was present in the vast 
majority of patients in whom the bacterium was observed 
(72% of children and nearly 90% of adults).6 On the basis 
of research conducted in later years in Europe, Austra-
lia and South Africa, it can be concluded that C. concisus 
may be the etiologic agent of gastrointestinal infections, 
especially in children aged 0–3  years.5,6 Other studies 
confirm that C. concisus occurs in patients with diar-
rhea, but compared to healthy subjects, these values are 
not statistically significant.6 There are also reports that 
the only potentially pathogenic bacteria isolated from the 
stool samples of patients with diarrhea was C. concisus.19 
So far, studies suggest that C. concisus may be an oppor-
tunistic pathogen, causing symptoms in predisposed pa-
tients. Hess et al. described the case of a 55-year-old man 
with symptoms of gastrointestinal infection, with C. con-
cisus as an etiological factor. The authors draw attention 
to the diagnostic difficulties in detecting infection with 
this bacteria using traditional methods (culture). C. conci-
sus incidence in patients with diarrhea has not been con-
clusively determined.21 In a study by Nielsen et al. among 
unselected patients treated for diarrhea, C. concisus infec-
tion was observed in a high percentage – (35/100,000 in-
habitants), which was similar to the number of infections 
caused by C. jejuni/coli. C. concisus incidence in samples 
of feces of healthy individuals was significantly lower than 
in patients with gastrointestinal disease, which is indirect 
proof of the lack of favorable environmental conditions 
for the bowel colonization with C. concisus compared to 
the oral cavity.10 However, there are reports in the litera-
ture on the isolation of the same strain, C. concisus, from 
the mouth and from intestinal biopsies in patients with 
ulcerative colitis, which may indicate the possibility of 
colonization by the bacteria in other than the oral cavity, 
including parts of the intestinal tract.8

C. concisus and inflammatory 
bowel disease

The  etiology of inflammatory bowel disease (IBD) has 
not been definitively elucidated so far. This is probably 
a result of the coexistence of a number of factors, including 
an infectious agent.23,33 Many studies have been dedicated 
to the impact of bacteria considered as commensals and 
bacteria with proven enteropathogenic activity on the for-
mation or exacerbation of pre-developed chronic inflam-
matory bowel disease.33,34 In the literature there are reports 
that children with Crohn’s disease have Campylobacter 
spp., especially C. concisus, infections more frequently 
than patients from the control group.5,23,33 In 2009, based 
on their studies, Zhang et al. demonstrated that, in pediat-
ric patients with newly diagnosed Crohn’s disease, Campy-

lobacter spp. occurred much more frequently in an intes-
tinal biopsy (82%) compared to the control group (23%). 
Examination of the biopsies using molecular methods 
has shown a significantly higher incidence of C. concisus 
DNA  in children with newly-diagnosed Crohn’s disease 
as compared to the control group (51 vs 2%). At the same 
time, the presence of C. concisus was confirmed using a bi-
opsy culture method of the intestinal mucosa, which indi-
cates the presence of viable bacterial cells in the intestine.23 
In 2010, Man et al. obtained similar results – examining 
stool samples using PCR, C. concisus was found in 65% of 
pediatric patients with newly-diagnosed Crohn’s disease as 
compared to 33% in the group of healthy individuals.11

Similar results were obtained in studies of adult pa-
tients with IBD.6 Mukhopadhya et  al., among others, 
showed a significantly higher incidence of C. concisus in 
tissue biopsies of the colon in adult patients with ulcer-
ative colitis compared to the control group.35 Mahendran 
et al. obtained similar results by examining adult patients 
with Crohn’s disease.6 It has also been shown that certain 
strains of C. concisus have the ability to colonize the gas-
trointestinal tract in mice, and can cause weight loss and 
the formation of liver micro-abscesses.11,13 In several stud-
ies carried out to date, the C. concisus infection rate in IBD 
patients has ranged from 33 to 67%, compared to 2–37% 
in the control group.6 Furthermore, in the intestine of 
children with Crohn’s diesease, other species of the genus 
Campylobacter spp. occurred, such as C. showae, C. rectus 
or C. gracilis, which were not found in patients from the 
control group.11 The results of these studies indicate that 
it may be necessary to conduct tests for the pathogenic-
ity of different species of the genus Campylobacter spp. 
within the context of the etiology of IBD.5,11

The authors of a study in Denmark have drawn atten-
tion to the need for planning and conducting research 
which would determine the risk of developing IBD in pa-
tients infected with C. concisus.10 The results of a  study 
conducted by Ismail et al. suggest that patients with IBD 
are carriers of certain strains of C. concisus in the mouth. 
In  some patients with IBD, this bacterium, through en-
dogenous colonization, also inhabits the gut, where 
a natural process of recombination is taking place.8 Zhang 
et al., based on the analysis of literature, hypothesized that 
C. concisus can cause the development of IBD or cause 
exacerbation of the disease. This applies especially to the 
strains in the genome of which the zot (zonula occludens 
toxin) gene, originating from viruses, is incorporated.7 
Because of this fact, bacteria strains can produce a Zot, 
similar to the toxin produced by V. cholerae, which de-
stroys the close connection between the cells, causing 
an increase in intestinal barrier permeability.7,16 The oral 
cavity is a reservoir of bacteria from where the pathogen 
can migrate to the intestine and colonize it. Here the zot 
gene can be released, which can cause primary, long-term 
damage to the mucosal barrier and provide the ability to 
translocate microorganisms and their metabolic products 
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from the lumen. In  genetically predisposed individuals, 
this may be the cause of IBD development.

A similar mechanism may be responsible for the devel-
opment of diarrhea, which explains the isolation of C. con-
cisus from patients with diarrhea without IBD. It is known 
that there are certain risk factors for IBD, including envi-
ronmental factors and a  family history of inflammatory 
bowel disease. The authors suggest that one of these envi-
ronmental factors could be C. concisus infection, which in 
their genome contains the zot gene, the product of which 
predisposes the intestinal mucosa to increased perme-
ability. This may lead to the development of IBD. Further 
studies are necessary on the prevalence of C. concisus 
with the zot gene in patients with IBD.7 Kaakoush et al. 
isolated the Zot (zonula occludes toxin) from the C. conci-
sus strain. There is speculation that the production of this 
toxin is dependent on the C. concisus genotype.6

Conclusion
Current studies indicated that C. concisus may be pres-

ent in virtually every part of the gastrointestinal tract, and 
under particular conditions it may cause disease symp-
toms such as stomatitis and diarrhea, among others, and 
may also promote the development and persistence of in-
flammation in the intestine. Taking into consideration the 
reports cited in our work, a hypothesis may be put forth 
that the pathogenic potential of C.concisus has its roots 
in the presence of various virulence factors in each strain. 
There is a need for clarification of the role of particular 
strains of C. concisus, with various pathogenic potential, 
in the inciting and perpetuation of many diseases of the 
gastrointestinal tract with unknown etiology since, up to 
now, it has not been clarified if the bacteria is a commen-
sal, opportunistic microbe or a pathogen for humans.
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Abstract
Under homeostatic conditions, an equilibrium state between amounts of free radicals formed and their 
scavenging is observed. Free radicals are destructive only when present in excess. Pathological changes 
within cells and tissues can result from a persistent excess of free radicals. Living organisms are increas-
ingly exposed to oxidative stress, resulting in oxidative DNA modifications. One such modification is 
8-hydroxy-2’-deoxyguanosine (8-OHdG). It is considered a biomarker of oxidative stress and oxidative 
DNA damage. It has been found both in physiological fluids and in cells. This paper presents methods found 
in the literature for determining 8-OHdG expression in various kinds of biological material – blood, urine or 
liver homogenates. Methods for determining the biomarker expression have been grouped into direct and 
indirect methods, and the various levels of 8-hydroxy-2’-deoxyguanosine that can be determined by the 
different techniques are presented. The basic pros and cons of the various techniques are also discussed.
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Under homeostatic conditions, a  state of equilibrium 
between the amounts of free radicals formed and their 
scavenging is observed. Free radicals are destructive only 
when they are present in excess. In  normal conditions, 
their presence is indispensable to the proper functioning 
of the body, and their production is under the strict con-
trol of enzymatic and non-enzymatic systems. Free radi-
cals are involved in such processes as cell growth, prolif-
eration, apoptosis and differentiation.1–4

Disruptions of cell homeostasis and shifts in the pro-ox-
idant/antioxidant equilibrium in the direction of oxidation 
reaction are called oxidative stress. This phenomenon is 
particularly dangerous for the respiratory system, cardio-
vascular system, brain and eyes. Pathological changes with-
in cells and tissues can result when this state persists.2–4 
Figure 1 shows the 3 main effects of oxidative stress.

Lipid peroxidation
Lipid peroxidation is the most widely known biological 

free radical chain (FRC) reaction, entailing the oxidation 
of unsaturated fatty acids or other lipids comprising phos-
pholipids, whose products are peroxides of these com-
pounds. It is significant that peroxidation is not initiated 
by reactive oxygen species (ROS); the presence of ROS 
will only intensify the peroxidation process, not initiate it.

Like all FRC reactions, peroxidation can be divided into 
3 stages:

 z Initiation: The  fatty acid radical is produced at this 
stage. Initiators in living cells are the radicals hydroxyl 
(HO·), peroxy (LOO·), alkoxy (LO·) and alkyl (L·), as well 
as ozone, sulfur dioxide and nitrogen dioxide. The sepa-
ration of hydrogen leads to the formation of an alkyl 
radical.

LH → L• + H2O

 z Prolongation: Volatile fatty acid radicals readily react 
with molecular oxygen, forming peroxides. These per-
oxides are characterized by a low level of stability and 
thus are capable of reacting with more fatty acid mol-
ecules, creating more radicals. It is a cyclical process.

L• + O2 → LOO•

LOO•+ LH → LOOH + L• 

 z Termination: When the concentration of free radicals 
is sufficiently high, the probability of collision between 
two radicals grows significantly. The  collision of two 
radicals ends the process.

L• + L•  → L – L 
LOO•+ LOO•  → L = O + LOH + O2 

LOO•+ L•  → L = O + LOH

Dimers of fatty acids, hydroxy acids and oxoacids are 
products of the termination reaction. Often there is also 
a  connection between peroxidation products and pro-
teins present in the cell membranes, creating protein-lipid 
connections.

Products of lipid peroxidation may be subject to further 
changes, such as the β-elimination reaction, which pro-
duces, among other things, malonic dialdehyde (MDA) or 
4-hydroxynonenal. Due to their small size, these products 
can easily diffuse through biological membranes and can 
therefore be the “secondary relay” of DNA damage caused 
by reactive oxygen species. The resulting aldehydes are cy-
totoxic, mutagenic and carcinogenic, and can cause rup-
ture in DNA strands. The primary effects of lipid peroxi-
dation also include the loss of activity of cell membranes, 
changes in their ability to inhibit the calcium pump, or 
weakening of the relation between electron transport in 
the respiratory chain and adenosine triphosphate (ATP) 
production.2,5–7

Protein degradation
Protein degradation is an inherent effect of aerobic cel-

lular metabolism, and despite many defense mechanisms, 
it leads to the oxidation of biomolecules. When oxidative 
stress occurs, it is mainly the thiol groups (-SH) present in 
proteins that undergo the oxidation reaction. The reaction 
can be initiated by reactive oxygen species such as O2·-, 
H2O2 or HO·. The  products of these reactions are thiol 
radicals (RS·), which are readily dimerized to sulfides.

RSH + O2
•– + H+ → RS• + H2O2 

2RSH + H2O2 → RS• + 2H2O 
RSH + HO• → RS• + H2O 

2RS• → RSSR

Protein oxidation by ROS can occur in the polypeptide 
chain, or can involve amino acid residues; aromatic resi-
dues are among the most reactive amino acid residues. 
The oxidation of polypeptide chains is a similar process to 
lipid peroxidation, but the process is not a chain. An alkyl 
radical is a result of protons releasing (involving hydroxyl 
radicals) from the α-amino acid carbon. The alkyl radical is 
converted to alkyl hydroperoxide by reaction with oxygen. 
This product is capable of being converted to an alkoxy radi- 
cal, a radical that activates the fragmentation of the poly-
peptide chain. Thiol damage leads to a loss of protein activ-
ity, changes in various kinds of enzymes and transporters, 
as well as breaches of calcium homeostasis. The oxidation 
of -SH groups in proteins leads to disintegration of mem-
branes and changes in membrane permeability. The accu-
mulation of oxidized protein products leads to cell dysfunc-
tion and, in critical situations, even to cell death.2,8–10

Fig. 1. The 3 main effects of oxidative stress

HO•



Adv Clin Exp Med. 2017;26(1):155–166 157

DNA damage
Damage to DNA by free radicals occurs much less fre-

quently than oxygen damage to proteins and lipids. There 
are two theories that attempt to explain the cause of 
DNA damage. The  first of them is that DNA damage is 
the result of a site-specific Fenton reaction (the generation 
of a  hydroxyl radical in the reaction of transition metal 
ions [present in the DNA] with hydrogen peroxide).11 Ac-
cording to the second theory, the effect of oxidative stress 
increases the intracellular concentration of calcium ions, 
which in turn activate nucleases digesting DNA.12

The hydroxyl radical is considered the main source of 
oxygen damage. Its interaction with DNA molecules can 
lead to the formation of single and double strand breaks of 
DNA cross-links or modifications in the nitrogen bases. 
Mitochondrial DNA (mtDNA) is more susceptible to oxy-
gen damage than nuclear DNA. This may be explained by:

 z the lack of nuclear proteins in mtDNA, which could 
protect it from damage,

 z fewer repair opportunities, and/or
 z the proximity of the respiratory chain.

DNA damage causes an increase in its mutagenic or im-
munogenic properties.1,13

Metabolic changes in cells resulting from oxidative 
stress include:

 z reduction of the concentration of ATP in the cells. Such 
a reduction may be caused by damage to mitochondria; 
by deactivation of glyceraldehyde-3-phosphate dehy-
drogenase (EC 1.2.1.12), which leads to inhibition of 
glycolysis reactions in the cells;, increased catabolism of 
adenine nucleotides; or increased consumption of ATP 
bound to the active transport of oxidized glutathione;

 z increases in calcium ion concentration in the cytoplasm 
due to deactivation of the calcium pump;

 z depolarization of the cell membrane, possibly due to de-
activation of K, Ca, Na channels, resulting in increased 
cell membrane permeability;

 z decreases in glutathione levels and reductions in the ra-
tio of the reduced form of glutathione (GSH) to oxidized 
glutathione (GSSG). Another danger is the formation of 
glutathione in various connections with xenobiotics, 
the products of lipid peroxidation, or proteins present 
in the cell. Such products are disposed of outside the 
cell, and this process is associated with increased con-
sumption of ATP, which also contributes to reductions 
in intracellular glutathione.1,14

8-hydroxy-2’-deoxyguanosine: 
A measure of oxidative damage 
to DNA

Guanine (G) is an aromatic heterocyclic compound, the 
construction of which is based on a fused pyrimidine and 
imidazole ring; it is therefore classified as a  derivative of 
purine (guanine’s systematic name is 2-amino-6-hydroxy-
purine). Guanine is a basic building block of both DNA and 
RNA. The nucleic acid forms a complementary pair with 
cytosine (C). Guanine, both in the free state and as a nucle-
oside, is particularly susceptible to the effects of free radicals 
in the C8 position, as shown in the diagram below (Fig. 2).

Two of the entire pool of reactive oxygen species – hy-
droxyl radical (HO·) and singlet oxygen (1O2) –  are ca-
pable of oxidative modification of guanine.

There are 2 theories regarding the mechanisms of how 
a hydroxyl radical attacks the guanine molecule. The first 
one assumes that the adduct of HO· with the guanine C8 
position is created directly, as shown in Fig. 3. The sec-
ond hypothesis is that the process of oxidative damage 
to guanine has two steps. In the first stage of the process 
an electron from a molecule of guanine is abstracted with 
the participation of a hydroxyl radical (the abstraction of 
an electron can also be an effect of quantum radiation or 
some other equally strong attack, by an oxidant such as 
a  ferrous radical15, or as a  result of the reaction of type 
I  photosensitizers).16–19 In  the second stage of the reac-
tion, the final product is formed (Fig. 4).

Oxidative damage to guanine (deoxyguanosine) may 
also occur as a  result of the interaction of biomolecules 
with singlet oxygen.20–24 As with the hydroxyl radi-
cal, the mechanism for this attack is explained by two 
equally plausible theories. In both cases, the creation of 
8-oxoguanine proceeds to form an intermediate product: 
4,8-endoperoxide (Fig. 5).

In the scientific literature, the names 8-hydroxyguanine 
and 8-hydroxy-2’-deoxyguanosine are used interchange-
ably, as they focus on the principle and the modified nu-

Fig. 3. One theory of the mechanics of a hydroxyl radical 
attacking guanine15

Fig. 2. Deoxyguanosine
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cleotide. 8-hydroxy-2’-deoxyguanosine is subject to keto-
enol tautomerism. Of the four possible tautomeric forms, 
the diketone form is the most favorable.25 8-hydroxy-2’-
deoxyguanosine is the best known mutagenic modifica-
tion of DNA. Studies have shown that the mutagenic po-
tential of 8-OHdG results from an ability to disrupt the 
pairing process of DNA replication.26–28 In DNA replica-
tion, defective 8-oxyguanine can form incorrect pairs with 
adenine. If  the error is not corrected, transversion type 
GC → TA occurs in the next round of replication.

Numerous studies on the structure and thermodynam-
ics of DNA  duplexes containing 8-oxyguanine paired 

with adenine and cytosine, carried out mainly by nuclear 
magnetic resonance techniques and X-ray crystallogra-
phy, have shown the relationship between the mutagenic 
properties of 8-OHdG and the structure of the resulting 
connections. Figure 6 shows two sets of connections, cor-
responding to 8-oxodG: dA  and dC. 8-oxodG exists in  
2 configurations: syn-periplanar (in conjunction with dA) 
and antiperiplanar (in combination with dC). The com-
bination of 8-oxodG and dC is stabilized by 3 hydrogen 
bonds. However, the combination of 8-oxodG and dA is 
stabilized by two hydrogen bonds, so in this case it is pos-
sible to produce stable base pairs.26,29–31

Fig. 4. Another theory of the mechanics of 
a hydroxyl radical attacking guanine15,17
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The  first mention in the literature of 8-OHdG as oxi-
dative damage arising in vivo appeared in 1984.32 Today, 
nearly 20 DNA adducts can be understood, but 8-OHdG 
is the one that attracts the greatest interest in the scien-
tific community. It  has been proved that 8-hydroxy-2’-
deoxyguanosine can be considered a biomarker of aerobic 
cellular DNA damage and oxidative stress.28,29,33,34

In addition to its presence in cells and tissues, the modi-
fied purine base is also present in urine. It is believed that 
the presence of 8-hydroxy-2’-deoxyguanosine in urine re-
flects DNA repair processes taking place in the body.31,32,35

Correlations between the amount of 8-OHdG in urine 
with the amount in tissues in different pathogenic pro-
cesses are still being investigated. Undoubtedly, the great-
est interest is in the correlation between the amount of 
8-hydroxy-2’-deoxyguanosine and cancer, which can 
be explained by the mutagenic properties of 8-OHdG 
– namely, its ability to disrupt pairing rules in DNA trans-
version. The result can be a malignant cell transformation.

Increased amounts of 8-OHdG also found in patients 
suffering from arteriosclerosis, diabetes, neurodegenera-
tive disorders of the brain (Parkinson’s disease, Alzheim-
er’s disease) and autoimmune diseases (rheumatoid ar-
thritis, systemic lupus erythematosus).26,35–38

Methods of measuring oxidative 
DNA damage

Analytical methods developed to measure oxidative 
DNA lesions can be classified in 2 groups: direct methods 
and indirect methods, also known as enzymatic methods 
(Fig. 7).

Typical direct methods for determining 8-hydroxy-2’-
deoxyguanosine expression include:

 z high-performance liquid chromatography with electro-
chemical detection (HPLC-ECD),

 z high-performance liquid chromatography coupled with 
tandem mass spectroscopy (HPLC-MS/MS),

 z  32P-postlabeling.
Indirect methods for the determination of 8-OHdG in-

clude:
 z the comet assay (single-cell gel electrophoresis),
 z alkaline elution,
 z immunoenzymatic tests (ELISA, RIA),
 z methods based on polymerase chain reaction (PCR).

Direct methods
Direct methods are based on:

 z isolation of cellular DNA,
 z enzymatic or chemical hydrolysis of these isolates to 

nucleotides, nucleosides or free bases,
 z chromatographic separation and determination of the 

analytes sought.
High performance liquid chromatography with electro-

chemical detection (HPLC-ECD) is a method that is con-
sidered highly selective. This method utilizes the fact that 
the modified purine base 8-hydroxy-2’-deoxyguanosine 
has a redox potential lower than the potential of substan-
tially unmodified nucleosides. Only 8-OHdG is oxidized 
when the appropriate potential is used. The combination 
high of performance liquid chromatography with electro-
chemical detection multiplies the sensitivity of the pro-
cess.39

This technique uses two types of electrochemical detec-
tors: amperometric and coulometric. In these detectors, 
the working electrodes are primarily carbon electrodes; 
silver chloride electrodes are usually used as reference 
electrodes.37,39–48

Only the mobile phases with the ability to conduct elec-
tric current can be used with HPLC-ECD.

The  preparation of samples for analysis using this 
technique depends on the biological material used. As 

Fig. 6. A: 8-oxodG-dA; B: 8-oxodG-dC
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mentioned earlier, 8-OHdG is present in urine in its un-
changed form. Therefore the preparation of a urine sam-
ple for analysis by HPLC-ECD for the 8-OHdG content 
relies heavily on solid-phase extraction (SPE) technology, 
which allows for significant enrichment of the analyte.49–54

If  the analyte is 8-hydroxy-2’-deoxyguanosine –  con-
sidered as a product of hydrolysis of cellular DNA – it is 
necessary to carry out hydrolysis of the DNA, and diges-
tion with the appropriate enzymes: nuclease P1 and al-
kaline phosphatase. Nuclease P1 cuts the DNA, leading 
to the formation of the corresponding nucleosides. Alka-
line phosphatase catalyzes the separation and release of 
the phosphate residues of 8-hydroxy-2’-deoxyguanosine. 
The final stage of the preparation of the samples is ultra-
centrifugation filters of more than 3000 Da, using special-
ly adapted tubes for this purpose, stopping the hydrolysis 
products of DNA.42,44,45,52,55

The measure of oxidative damage of DNA is the ratio 
of 8-hydroxy-2’-deoxyguanosine (electrochemical detec-
tion) to 2’-deoxyguanosine (detection by UV radiation). 
Table  1 shows the chromatographic conditions used in 
the literature cited.

High performance liquid chromatography coupled with 
tandem mass spectrometry (HPLC-MS/MS) is also used 
for the determination of 8-OHdG. This approach can be 
used thanks to the development of the electrospray ion-
ization technique, which made it possible to achieve the 
required sensitivity for identifying DNA adducts.56

Gas chromatography coupled with mass spectrom-
etry (GC-MS) is also used for the determination of 
8-hydroxy-2’-deoxyguanosine. The  use of this method 
requires acid hydrolysis, which causes degradation of the 
DNA into free bases. Because gas chromatography can be 
used only for the determination of volatile analytes, it is 
necessary to transform 8-OHdG to its volatile derivatives; 
the tetramethylsilane (TMS) and tert-butyldimethylsilyl 
groups (TBDMS) are used for this. Derivatization is car-
ried out at elevated temperatures (130°C) in order to ob-
tain higher performance.53

Derivatization allows for the detection of DNA  dam-
age using the mass spectrometer, usually with at least 
two specific ions to ensure proper specificity determina-

tion. The mass spectrometer has greater versatility than 
electrochemical detectors and it can also be used for the 
determination of other types of DNA damage than 8-hy-
droxy-2’-deoxyguanosine.54,57

The  32P-post-labeling method is another of the direct 
methods. This method is based on the enzymatic hydroly-
sis of DNA adducts that did not show radioactive proper-
ties to 3’-phosphonucleosides, then [32P] phosphorylation 
of three -OH groups with [γ-32P] ATP and polynucleo-
tide kinase.58,59 Adducts are separated from unmodified 
nucleotides by thin-layer chromatography (TLC). This 
entails a  two-way technology to develop the chromato-
grams. Chromatograms are read by audioradiograph.58,59 
The  standard procedure has been modified in various 
ways over years of research, but only two of the enhance-
ments have been of real interest to the research commu-
nity (Figs. 8, 9):

 z the use of nuclease P1 before the marking process – an 
enzyme that has the ability to dephosphorize only un-
modified nitrogen bases. Nucleotides do not mark ra-
dioactive phosphorus. This behavior increases the sen-
sitivity of the method;

 z extraction of hydrophobic DNA adducts with n-butanol 
in the presence of a phase transfer agent: tert-butylam-
monium chloride. As a result, only the hydrophobic ad-
ducts are left in the organic phase, which is then sub-
jected to isotopic labeling.59

Indirect methods
The  principle of indirect methods (also known enzy-

matic methods) is based on the action of a  specific en-
zyme –  N-glycosylase DNA  –  which cuts oxidized ni-
trogen bases, causing a break, and DNA allowing for the 
detection of the breaks.60

Indirect methods used for the determination of 8-OHdG 
in biological tests include enzyme-linked immunosorbent 
assays (ELISAs), which are among the most widely used 
tests in biomedical research.61,62

The  principle of operation is based on the formation 
of specific immune complexes between the antibody and 

Fig. 8. Enzymatic hydrolysis of phosphorus and radioactive labeling of DNA adducts

[g-32P]ATP                                       deoxyribonucleoside-3’-phosphate             deoxyribonucleoside-3’,5’-biophosphate
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Fig. 9. Diagram of the 32P-post-labeling process
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the antigen. They are used to detect specific proteins us-
ing monoclonal or polyclonal antibodies conjugated with 
a suitable enzyme. ELISA tests have high sensitivity, re-
peatability and specificity, low implementation costs, and 
can be carried out quickly.

ELISAs are available in many configurations, as direct 
and indirect tests, sandwich ELISAs, competitive or in-
hibitory tests. For the determination of 8-OHdG in a com-
petitive ELISA, capture antigens are used. These tests are 
performed using commercially available kits.51,62–66

The alkaline elution method is another indirect meth-
od. Before using this method, it is necessary to use for-
mamidopyrimidine-DNA  glycosylase (FPG), which cre-
ates single DNA  strand breaks in the modified purine 
bases – the alkaline elution test is used for the detection 
of such breaks.

The  procedure for this test involves lysis of cells in 
a highly alkaline environment, and the process of elution. 
The  essence of this assay is to link the speed of elution 
to the degree of damage to the DNA – the faster rate of 
elution, the more damaged a DNA strand is.60,67 The next 
indirect method, the use of which is also associated with 
FPg, is the comet method. In  this method, the cells are 
deposited on an agarose gel on microscope slides and sub-
jected to alkaline lysis, following which the sample is ana-
lyzed using electrophoresis. DNA migration towards the 
anode is possible only if there are breaks in the DNA.60,63 
Stained gels are analyzed by fluorescence microscopy. 
In  cells whose DNA  was damaged before lysis, broken 
threads are visible under the microscope as “comets”. 
The percentage of cells with “tails” reflects the degree of 
DNA damage.60,67,68

Another indirect method for the determination of 
8-hydroxy-2’-deoxyguanosine is ligation-mediated poly-
merase chain reaction (LM-PCR). This technique allows 
the determination of oxidative DNA damage and identi-
fies where the gene is inactive.60

Conclusions
The methods described above are all the techniques re-

ported in the literature for the determination of 8-OHdG 
in biological material. Fig. 10 shows a comparison of the 
different methods.

From the diagram it can be concluded that the indirect 
methods allow the determination of 0.1 to 0.2 defects per 
million unmodified nucleotides. This value is one of the 
lowest levels of oxygen damage to DNA that can be de-
termined. Determination of high levels of oxygen defects 
is not possible by indirect methods due to their limited 
range of linearity. A method is considered to be quantita-
tive when linearity of at least two orders of magnitude is 
observed.

The  use of high performance liquid chromatography 
with electrochemical detection allows the determination 
of from 0.2 to 40 defects (8-OHdG) per million nucleo-
tides. This method thus allows the measurement of the 
amount of DNA adducts at a level comparable to the in-
direct methods.

The  amount of 8-hydroxy-2’-deoxyguanosine deter-
mined by gas chromatography combined with mass 
spectrometry is an order or two orders higher than that 
achieved by high performance liquid chromatography 
with electrochemical detection. This is probably due to 
the oxidation of DNA bases during the derivatization pro-
cess, which takes place at elevated temperatures.

High performance liquid chromatography combined 
with tandem mass spectrometry gives results comparable 
to HPLC-EC, but with a much narrower range of linearity. 
Sample derivatization is not required when using HPLC-
MS/MS and therefore potential errors in the process are 
eliminated.

The  theoretical sensitivity of the 32P post-labeling 
method is one in 100 million nucleotides. To determine 
this amount of DNA, very thorough preparation of 
DNA from isolates it is necessary before isotope labeling. 
This involves isolating a large amount of DNA. The label-
ing process is not very reproducible – different efficiency 

Fig. 10. The levels of 8-hydroxy-2’-deoxyguanosine 
that can be determined using various techniques
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is achieved during each experiment, which can also be 
regarded as a drawback of this method. These disadvan-
tages of this method can explain the results being higher 
than for other methods.
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Abstract
HCV infection is significantly more prevalent in the population of psychiatric patients, drug addicts and 
people tending to undertake risky sexual behaviors than in the general population. This article presents 
a spectrum of psychopathological symptoms and psychological dysfunctions, an outline of current theories 
on the neuropathology and psychiatric aspects of HCV infection treatment. The unspecific character of the 
psychopathological symptoms in the HCV infection makes the process of thorough diagnostics and ade-
quate treatment difficult, thus the specific and characteristic features have been emphasized. The aim of this 
review is to shed light not only on the basic information concerning CNS pathology but also on the conclu-
sions emerging from the studies of different authors, of various methodology, in diverse study groups and 
also to investigate current topics of research. The results of neuroimaging studies have been presented as 
well. Attention has also been dedicated separately to specific issues, like psychiatric aspects of co-infection 
with HCV and HIV viruses, the chronic fatigue in the course of HCV infection, the influence of substance use 
disorders and difficulties encountered during treatment with interferon. Undiagnosed psychiatric disorders, 
not only inevitably decrease the already rather low quality of life but also cause non-adherence with recom-
mendations and medications regimes, contributing to a worse treatment outcome. Finally, the above disor-
ders, when left untreated, result in higher rates of risk-taking behaviors among the infected, thus imposing 
a danger not only to patients themselves but also to the healthy population.
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The  increased prevalence of psychiatric disorders and 
cognitive impairment in the course of hepatitis C  virus 
(HCV) infection supports the concept that the inflamma-
tory skirmish takes place on both sides of the blood/brain 
barrier, and that HCV causes a  disease not only of the 
liver but also the central nervous system.1,2 Preliminary 
evidence for CNS involvement in HCV infection has been 
provided by the latest clinical, behavioral, biochemical and 
histological findings. The  infected population has a  sig-
nificantly higher prevalence of various psychiatric disor-
ders than the general population.3,4 Despite having a psy-
chiatric disorder, many individuals never meet a mental 
health care professional.5 In a study by Batista-Neves et al. 
the diagnostic criteria for at least one psychiatric diagno-
sis had been met by as much as 49% of subjects and 37% 
of subjects would have had at least 2 diagnoses. Among 
them, 85% were unaware of having a  psychiatric condi-
tion.5 It is common for anxiety disorders or depression to 
be a consequence of a chronic disease. In accordance with 
literature data, the frequency of psychiatric disorders con-
comitant with HCV has increased dramatically.4,6 What is 
more, the HCV infection is significantly more prevalent in 
the population of psychiatric patients than in the general 
population. The prevalence is estimated to be 9–11 times 
higher, and reaches nearly 20%, without discrepancies be-
tween groups, among psychiatric in- and out-patients.1,7 
Drug addicts or people tending to undertake risky sexual 
behaviors also have a  higher prevalence of psychiatric 
conditions and are at a higher risk of HCV infection as 
well as co-infection with HIV (human immunodeficiency 
virus).7–9 Co-infection is a concern of nearly one third of 
the HCV infected and about 70–90% in the population 
of IDUs (intravenous drug users). It  is being considered 
that acquiring one of the viruses is a  risk factor of be-
ing infected with the other.6 The unspecific character of 
the psychopathological symptoms in the HCV infection 
makes the process of thorough diagnostics and adequate 
treatment difficult.5 The clinical picture is quite often un-
clear, with somatic symptoms attracting all the attention; 
the psychiatric symptoms are non-specific and often rec-
ognized as manifestations of the viral infection. This can 
contribute to cognitive deficits at their onset or an epi-
sode of depression being overlooked.3,5 Untreated psychi-
atric disorders not only decrease the already low quality of 
life but also cause non-adherence, contributing to worse 
treatment outcomes.6 Finally, the above disorders, when 
left untreated, result in higher rates of risk-taking behav-
iors among the infected, thus imposing a danger not only 
to patients themselves but also to the healthy population.3 
This article presents a  spectrum of psychopathological 
symptoms and psychological dysfunctions, an outline of 
current theories on the neuropathology and psychiatric 
aspects of HCV infection treatment. The aim of this re-
view is to shed light not only on the basic information 
concerning CNS pathology but also on the conclusions 
emerging from the studies of different authors, of various 

methodology, in diverse study groups and also to investi-
gate current topics of research.

Virus, prevalence, risk factors
Hepatitis C is caused by an enveloped ssRNA virus of 

the family Flaviviridae. There are 6 genotypes of the vi-
rus.2 It is being estimated that 3% of the world population, 
that is 170 million people, is infected with HCV. 1.4% of 
the Polish population is affected by hepatitis C, but due 
to the asymptomatic course of the disease in most cases 
(75% of recently infected patients) the percentage of in-
fections may be higher.9,10 The virus is characterized by 
a primitive system of enzymes, which is associated with 
high levels of drug resistance and difficulties in vaccine 
development.1,2 The  heterogeneity of the virus and its 
high error rate of replication system explain why the im-
mune system is unable to fully eradicate the virus and that 
80% of acute hepatitis C patients enter the chronic phase 
of the infection.1 It  leads in 20–30% to hepatic cirrhosis 
within 10 to 20 years. Hepatitis C also contributes to se-
verely increased risk of hepatocellular cancer.1,2 Transfu-
sion of blood or blood products prior to 1992, intravenous 
drug use and hemodialysis are the main risk factors of 
HCV infection.1 Groups of increased risk of infection also 
include non-intravenous drug users, patients with high-
risk sexual practices, and patients admitted to a psychiat-
ric hospital.11 It is being estimated that the infection is in 
65–70% transmitted through injection drug use, 15–20% 
high-risk sexual behaviors and 5% occupational expo-
sure.12 Penitentiary institutions have an especially high 
prevalence of HCV, even 17–21% of inmates are infected.7 
According to the Himelhoch et al. study, 8.1% of patients 
with bipolar disorder and 7.1% with schizophrenia were 
infected vs the 2.5% in the general population.13 A study 
conducted in 8 medical centers and 17 outpatient clinics 
in the United States of America (USA) showed that nearly 
10% of schizophrenic and schizoaffective patients were 
infected with HCV, compared to 5.3% controls. More-
over, this rate reached 30% among those patients who had 
a co-morbid substance use disorder.12 Primary care physi-
cians and psychiatrists are on the forefront of diagnosing 
patients with mental disorders who are at increased risk 
of HCV infection.7

Mental disorders comorbid to HCV
Although the results of the studies concerning the 

prevalence of psychiatric disorders in the HCV-positive 
population differ significantly, they are consistent in being 
considerably higher as compared to the general popula-
tion. In a large study with 33842 HCV-positive subjects, 
85% had a history of mental disorders including psycho-
active substance use and 60% had a  co-morbid psychi-
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atric disorder.3 Other studies indicate that up to 40% of 
HCV-positive individuals meet the criteria for a current 
psychiatric disorder, with depression being the most com-
mon (28–50%).4 Anxiety was reported in 18–41%, bipolar 
disorder 9–16%, psychotic disorder 17–24% and person-
ality disorder (with antisocial the most common) in 30% 
of cases.4 In a study with the use of Structural Clinical In-
terview for DSM IV Axis I conducted among 500 infected 
subjects, the prevalence of psychiatric disorders was as 
follows: any depressive disorder – 18.2%, major depres-
sive disorder – 6.4%, general anxiety disorder – 7% and 
panic disorder – 5.8%.14

Chronic fatigue
Chronic fatigue is the most frequently reported extra 

hepatic symptom. It is often accompanied by a depressive 
or anxiety symptomatology.4 Various studies provide data 
about 20% to 80% of patients affected by chronic fatigue 
syndrome (CFS). In  the McDonald et  al. study 83% of 
patients reported fatigue as the leading symptom.8 Com-
pared with patients suffering from hepatitis B and alco-
holic hepatitis, the prevalence of CFS is significantly high-
er in the HCV infected population.15 According to Swain 
et al. the potential causes of CFS occurrence in the course 
of liver diseases include hypothalamic-pituitary-adrenal 
axis, serotonergic transmission as well as immunologi-
cal disorders.16 Neither the inflammation progress nor 
the cirrhosis stage correlate with CFS intensity. However, 
there is a significant correlation between fatigue and anx-
iety/depression levels.8,15 Older age, female gender, con-
comitant psychiatric disorders are important predictors 
with relevance to CFS. Low serum carnitine, creatinine 
and brain-derived neurotropic factor (BDNF) concentra-
tions are considered to be biochemical markers.14,15 Stud-
ies using reliable self report measures: Beck Depression 
and Anxiety Inventories and the Brief Symptom Inven-
tory indicate that 25–40% of HCV patients suffer from 
clinically relevant mental symptoms.4 Ailments such as 
arthralgy, fibromialgy, mialgy and chronic pain contribut-
ing to a significant decrease in physical and mental com-
fort as well as their quality of life, are present in even up to 
50% of HCV-positive patient’s reports.3

Depression, anxiety, sleep 
disorders

Significant discrepancies between various studies are 
present in the evaluation of mood disorders prevalence. 
According to different authors, the depression rate varies 
from 10 to 60% in the HCV infected population. The HCV 
genotype 3a may be associated with increased risk of de-
pression.3 Depression may not only be a symptom of the 
infection itself but also a reaction to the awareness of a se-

vere, infectious and chronic disease.3 What is more, many 
of the studies are conducted among IDUs with depressive 
disorders often present with hepatitis C, thus making the 
etiology of mood disorders even more difficult to evalu-
ate.8,10,13,15,17 Younger patients within 1–6  months after 
diagnosis present less pronounced depression.10 Anxi-
ety disorders with the estimated prevalence of 18–38% 
are also more common in the HCV infected population. 
A correlation between the intensity of anxiety disorders 
and the occurrence of depression and alcoholism has been 
stated.18 Czarnecki et al. report an association between vi-
remia, hepatic inflammation activity and the intensity of 
depression and anxiety disorders.19 Pawłowski et al. like-
wise stated a correlation between the level of depression, 
neuroticism and the viremia of HCV positive patients.10 
Sleep disorders concern even up to 60% HCV-positive pa-
tients, especially with regard to sleep disruption, obstruc-
tive sleep apnea and restless leg syndrome.3

Substance use and HCV infection
A study by Mc Carthy et al. conducted among IDUs in 

methadone maintenance treatment reported an extreme-
ly high prevalence of HCV infection i.e. 96% subjects were 
seropositive and 62% had detectable HCV-RNA  plasma 
levels.20 Although HCV seroconversion may take place 
anytime in the course of addiction, it usually happens 
after 1–3  years of drug use.12 Compared to the general 
population the prevalence of HCV infection is also high 
among non-IDUs. Depending on age, gender and type 
of used drugs it varies from 5 to 29%.20 Although drug 
use complicates the course of the infection especially in 
the context of mental health and interferon (IFN) treat-
ment, only alcohol has an established, synergistic with 
HCV influence on the liver disease progression.12 Studies 
show that a very small percentage of the infected popula-
tion with comorbid psychiatric disorders does not have 
a  concomitant substance use disorder. In a  study by El-
Serang et al., among trimorbid patients (HCV, psychiatric 
illness and substance use disorder), 85% were diagnosed 
with a  depressive disorder, 71% anxiety, 43% post-trau-
matic stress disorder (PTSD), 42% psychotic and 30% bi-
polar disorder.21 The psychiatric aspects of IFN therapy 
will be presented separately, leaving space for aspects 
of this treatment with regard to HCV-positive patients 
with comorbid substance use disorder. There are signifi-
cant limitations of IFN treatment in this population such 
as a potentially higher risk of psychiatric complications, 
non-adherence to treatment, re-infection among IDUs 
and a decrease in efficacy.20 There is no evidence suggest-
ing that the substance use disorder has a significant influ-
ence on the IFN treatment itself, thus it is not necessary to 
condition the start of the treatment by discontinuing the 
patients’ psychoactive substance use.12 It has been stated 
in a large retrospective study that among patients who did 
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not receive treatment, 60% had a history of nasal or intra-
venous drug use and 23% were alcoholics.22 Several studies 
report, however, that patients with a present or past psy-
chiatric disorder and a substance use disorder are capable 
of successfully completing a course of IFN therapy.23 One 
of those studies was carried out by Sylvestre among 50 
methadone patients with HCV infection.24 Although 62% 
subjects had a pre-existing psychiatric diagnosis (with de-
pression being the most common), 30% were clean for less 
than 6 months and 36% relapsed to hard drug using be-
fore the end of the study, the end-of-treatment-response 
(ETR) reached 64%. What is more, there were no sig-
nificant ETR discrepancies between patients with short 
and long-lasting sobriety. Finally the relapse to drug use 
overall did not cause significant decreases of treatment 
outcomes.24 This suggests that the selected subjects, even 
with comorbid psychiatric disorders or current drug use, 
may be adequate candidates for IFN treatment.7 It needs 
to be mentioned that in Poland as well as in several oth-
er European countries, active addiction to psychoactive 
substances, current depression, psychosis or epilepsy are 
the basis for disqualification from IFN treatment. What 
is more, the occurrence of the above conditions during 
an IFN treatment course results in immediate exclu-
sion from the program.25 IFN treatment is an indication 
for screening and evaluating patients for substance and 
alcohol use disorders.12 Alcohol Use Disorders Identifi-
cation Test (AUDIT), or its abbreviated version AUDIT-
C, are useful tools for identifying alcohol use disorders. 
The  Drug Abuse Screening Test (DAST) or Two-Item 
Conjoint Screen (TILS) may be also carried out.7 There is 
a tool especially useful for primary care screening – Alco-
hol, Smoking and Substance Involvement Screening Test 
(ASSIST 2.1). It evaluates lifetime use of 10 drug ‘classes’, 
substance-specific recent use and, its severity, current 
global risk and injection drug risk.26

Psychopharmacology  
in HCV infection

Treatment of HCV infection and comorbid psychiatric 
disorders poses a  therapeutic challenge due to the fact 
that most psychotropic medications (antidepressants, an-
tipsychotics, mood stabilizers) undergo hepatic metabo-
lism, thus imposing a  risk of hepatotoxicity and a more 
rapid progression to cirrhosis.1 The  most widely used 
antidepressants are SSRIs – citalopram and escitalopram 
are proved as safe, fluoxetine and sertraline are presum-
ably safe. Paroxetine is associated with the risk of retinal 
hemorrhage.27 Various self- or clinician-rated scales such 
as Beck Depression Inventory (BDI) or Montgomery As-
berg Depression Rating Scale can be used for the patient’s 
screening.12 Results of BDI being equivalent to moderate 
and severe depression indicate that a treatment with an-
tidepressants should be considered.7 Lithium carbonate 

and gabapentin are considered to be safe mood stabiliz-
ers, since they are eliminated through the kidneys. Val-
proic acid requires liver functions monitoring, whereas 
carbamazepine and oxcarbazepine may result in bone 
marrow suppression, thus are contraindicated during 
IFN therapy.18 Haloperidol, quetiapine and aripiprazole 
are regarded presumably safe antipsychotics. Risperidone 
requires liver functions monitoring, whereas olanzap-
ine and clozapine are contraindicated.27 For managing 
sleep disorders, sleep-promoting agents such as antihis-
tamines, sedative antidepressants (trazodone, mirtazap-
ine), probenzodiazepine (zolpidem, zaleplon) are used for 
insomnia, modafinil for hypersomnia (may cause myelo-
suppression) and gabapentin for restless leg syndrome.3,27

Neurocognitive dysfunctions
Cognitive impairment associated with HCV infection is 

not progressive and does not lead to dementia.8,15 Forton 
et al. evaluated its prevalence on the level of 38%.8 They 
were the first to use computer-based cognitive battery 
among HCV infected patients. That study established 
the presence of selective impairments of attention, con-
centration and psychomotor speed in patients who had 
histological evidence of minimal HCV hepatitis. Those 
abnormalities were associated with neither fatigue and 
depression nor with a history of drug abuse.8 The cogni-
tive disorders did not correlate with inflammation mark-
ers, steatosis or liver cirrhosis, HCV genotype and rep-
lication activity. Although conditions like psychoactive 
substance abuse, depression, hepatic encephalopathy and 
autoimmune disorders contribute to cognitive impair-
ment, they do not explain its occurrence sufficiently.8 
Other researchers like Weissenborn et  al. also have not 
determined any associations between neurocognitive 
deficits and the above-mentioned conditions.28 What is 
more, studies conducted on particular populations like 
women, children, patients without substance abuse his-
tory have also given evidence that the neurocognitive 
dysfunctions are an independent occurrence.3 There have 
been 2 risk factors identified that exacerbate cognitive 
dysfunctions: HIV co-infection and IFN therapy.3 Both 
have been discussed separately. The deficits mainly affect 
attention, higher executive functions as well as concentra-
tion and memory, causing a condition called ‘brain fog’.1,3 
Abstract thinking, mental flexibility, speed of informa-
tion processing and visual-spatial processing may also be 
impaired.1,29 Fontana et  al. reported disturbed learning, 
complex working memory and reaction time in 33% of 
studied subjects and have confirmed the lack of associa-
tion with fibrosis, drug use, lifetime psychiatric disorder 
or mood disturbance history.30 Decreased verbal fluency 
and psychomotor retardation are also characteristic in 
this group of patients.16,31 In standard neuropsychological 
tests, individuals with HCV exhibit deficits of mental and 
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motor speed, divisibility and sustainability of attention 
and short-term working memory, but not intelligence 
quotient (IQ) or episodic memory. A similar profile of dis-
orders may be present in the course of other liver diseases 
with or without cirrhosis. Nevertheless, in the course of 
hepatitis C  these changes tend to occur in significantly 
earlier stages.7 Computerized tests based on the latest ad-
vances in cognitive neuroscience are useful for the evalu-
ation of cognitive functions of HIV–positive patients and 
seem to be equally suitable for the assessment of HCV 
infected subjects. These tests provide an opportunity to 
evaluate verbal working memory (with circuits including 
dorsolateral prefrontal cortex and striatum), processing 
speed, divided attention and decision-making param-
eters such as inclination to risk taking behaviors, impul-
siveness, delayed and immediate reward.7 In discounting 
delayed rewards and through the executive dysfunction 
study, the investigators have found out that HCV-positive 
adults are (more than HCV-negative adults) inclined to 
show executive dysfunction and to discount delayed re-
wards, independently of history of substance abuse. HCV 
associated impairments in executive functions may result 
in dysexecutive problems in general and with pathological 
patterns in delay discounting and perhaps decision mak-
ing, impulsiveness, risk behaviors in particular (especially 
in the context of spreading the infection).17,31

Etiopathogenesis  
of CNS impairment

The  biological influence of HCV on CNS function-
ing is being emphasized though not fully explained yet. 
The presence of the virus has been determined in extra-
hepatic tissues: the lymph nodes, bone marrow, pancreas, 
thyroid gland, adrenals, and the CNS.29 Its genetic ma-
terial has been detected in brain tissue in autopsy stud-
ies.8,19 The authors associate it with extrahepatic replica-
tion of the virus in the monocytes which are the source 
of microglia.24 Results from the Forton et al. study indi-
cate dissimilarity between the virus genotypes present 
in blood and in brain tissue.32 Forton et  al. discovered 
a brain specific genome variant of HCV with mutations in 
the internal ribosomal region that may be important for 
promoting extrahepatic replication.32 More recently, in 
a study of HCV genome derived from brain tissue, a spe-
cific mutation has been identified that was part of 10% 
of HCV sequences in the cerebellum and medulla. These 
mutations were not detectable in material from the liver 
or plasma of the studied patients.33 The  above findings 
suggest that virus replication takes place also in the CNS. 
Fishman et al., on the other hand, determined the amount 
of HCV RNA  in brain samples to be 1000–10000  times 
smaller than in samples from the liver, which was reflect-
ed in mild neuropathological signs occurring among the 
studied patients.33

Several mechanisms of HCV brain entry are being con-
sidered. An  involvement of peripheral blood mononuc-
leous cells, which could introduce the virus into CNS, is 
being proposed.32 Fletcher et  al. observed that HCV in 
vitro infected the brain’s microvascular endothelial cells 
(BMEC) – the main component of the blood/brain bar-
rier – which undergo apoptosis, leading to a decrease of 
the endothelial barrier activity in the course of infection. 
That study suggests that HCV may disrupt the integrity of 
the blood/brain barrier in vivo as well.34 The presence and 
replication of HCV has been found also in BMEC which 
indicates that the blood/brain barrier may be directly in-
volved in HCV brain pathogenesis.1,3 The secondary ef-
fects of a  chronic inflammatory systemic process and 
the role of cytokines, which are presumably mediating 
the cognitive dysfunction, is an important part of the 
etiopathogenesis of the CNS pathology in the course of 
hepatitis C.14 During the chronic phase of the infection 
some cytokines like IFN-α or TNF-α may cross through 
the blood/brain barrier. It  is being suggested that this 
could take place especially at the site of organum vascu-
losum laminae terminalis, influencing brain functioning.3 
It  is also likely that the cerebral dysfunctions are caused 
by the neurotoxins released by microglia activated in the 
course of the immune response. The neurotoxins include 
substances like nitric oxide and stimulating amino acids 
(aspartates and glutamates) which induce neuronal apop-
tosis and also neurosteroids (pregnenolon) that activate 
inhibitory brain pathways.2,4 Reports from neuroimag-
ing are consistent with post-mortem studies and show 
microglial and inflammatory activation in patients with 
HCV.3

The  hepatitis C  neurocognitive disorders character 
indicates both cortical and subcortical damage.28 Brain 
changes have been demonstrated in the basal ganglia.3 
Alzheimer type 2 gliosis may be observed occasionally. 
It  is a  typical feature of a  decompensated liver disease 
and reflects severe metabolic disturbances in the CNS.29 
Another aspect of the neuropathology originated from 
observations made by Jones.3 He discovered that on-
dansetron (5-HT-3 receptor antagonist) ameliorates the 
comfort of patients through fatigue reduction and an 
increase of psychomotor speed.35 It  indicates changes 
in serotoninergic neurotransmission of HCV patients 
with chronic fatigue.35 What is more, SPECT studies 
have shown decreased binding capacity of a  serotonin 
transporter in the mesencephalon and/or dopamine 
transporter in the striatum in 14 out of 20 examined 
patients independently of their PCR status.34 Patients 
with disturbed monoamine transporter binding capacity 
achieved significantly worse results upon psychometric 
testing (especially with regard to mood and cognition) 
compared to the control group. Hence, the disturbances 
of monoaminergic neurotransmission may be an impor-
tant factor of the CNS dysfunction in the course of HCV 
infection.34
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Neuroimaging
Using proton magnetic resonance spectroscopy  

(H1 MRS) Forton et  al. discovered metabolic abnor-
malities that manifested themselves as elevated choline/
creatine ratio in the basal nuclei and white matter in the 
brains of patients with chronic hepatitis C.32 The abnor-
malities were more pronounced in patients with cogni-
tive impairment and were not associated with previous 
psychoactive substance abuse.32 Elevated choline levels 
are characteristic for processes with cell proliferation 
and changes in membrane fluidity including inflamma-
tions, particularly HIV infection and multiple sclerosis.34 
H1MRS studies allowed us to exclude depression and 
hepatic encephalopathy as potential causes of cognitive 
dysfunctions because in both conditions the choline/
creatine ratio is reduced.8 Miller’s study showed normal  
N-acetylaspartate (NAA) concentrations in the neurons 
of HCV infected patients, which indicates a lack of neuro-
nal loss. The above-mentioned compound concentration 
is usually decreased in a  cerebral stroke or other situa-
tions with neuronal damage.33 More recent studies with 
the use of H1 MRS report, however, decreased levels of 
NAA in white matter and cortex.1,28 Thames et al. com-
pared chronic HCV patients with a control group. They 
showed lower levels of NAA  in bilateral parietal white 
matter, elevations in myoinosital in bilateral frontal white 
matter and also more pronounced fractional anisotropy 
in the striatum, greater mean diffusivity in the fronto-
occipital fasciculus and external capsule. Higher levels of 
fatigue correlated with diffusivity in the superior fronto-
occipital fasciculus in the HCV group.36

Furthermore, Weissenborn demonstrated EEG slow-
ing in HCV infected individuals.28 Patients with chronic 
HCV hepatitis, as compared to healthy controls, also had 
lower prepulse inhibition (PPI). PPI is considered to be 
a  psychophysiological marker of attention processing. 
It reflects the brain’s capability to discriminate unimport-
ant sensory stimuli. PPI enables the organism to direct 
attention and cognitive effort in the search for impor-
tant information.4 PPI is automatic and involuntary; it 
is not influenced by factors such as fatigue, intellectual 
functioning or the level of education. A decrease in PPI 
indicates an attentional deficit mediated by frontal-sub-
cortical circuity; hence, it is being considered as a useful 
and sensitive marker of attentional processing.4 Kramer 
et  al. showed that 17% of the studied chronic HCV pa-
tients had delayed P300 peak latencies and reduced am-
plitudes, compared to appropriate age standards. P300 
event-related potentials are a neurophysiological marker 
of cognitive processing; therefore, the above results indi-
cate subtle but significant neurocognitive impairment.37 
Interestingly, those results were independent of such fac-
tors as history of substance abuse or cirrhosis. This sug-
gests a conclusion that the HCV infection acts on cere-
bral functioning directly.37

The cerebral blood volume (CBV) measurements rela-
tive to cerebellum (rCBV) are neuroimaging parameters 
that are being proposed as a non-invasive tool for assessing 
cerebral microcirculation impairment in HIV and HCV 
positive patients.38 Specific perfusion disturbances may 
be observed even in patients without neurological signs.38 
Bladowska et al. compared cerebral perfusion alternations 
in HIV naive, cART treated, HIV/HCV and HCV positive 
naive patients. However, each of these groups had lower 
perfusion of several cortical areas, the HCV-infected (and 
also HIV/HCV) patients had the highest hypo-perfusion 
rates.38 These patients also showed hyper-perfusion in 
basal ganglia.39 The researchers suggest it to be a marker 
of early-stage HCV associated inflammation in patients 
with mild liver disease.38

IFN and DAAs therapy
Psychiatric symptoms and disorders are very often 

present on examination of patients treated with IFN. 
These are not only full-blown episodes of depression, 
mania, anxiety, paranoid psychoses or consciousness 
disorders but also mild, non-specific states of fatigue or 
impairments of concentration, attention and memory.40 
The  main chronic hepatitis type C  therapy consists of 
treatment with pegylated IFN alpha (peg-IFNα) com-
bined with ribavirin (RBW). It is associated with impair-
ment of certain cognitive functions which are not related 
to depression or anxiety.41 Pawełczyk et  al. mention the 
ability to memorize, recall and recognize verbal mate-
rial; organize visual stimuli, efficiency and precision of 
processes of attention.40 The depressive disorders and de-
terioration of particular cognitive functions that are ob-
served during peg-IFNα/RBW therapy may indicate the 
influence of IFNα on the dorsal-lateral prefrontal cortex 
and dorsal-frontal part of the gyrus cinguli that are re-
lated to attention processes, the parietal-occipital areas of 
the cortex which are associated with visual-spatial func-
tions and the hippocampus which is involved in memory 
processes.40 A  separate issue resulting from IFN treat-
ment and one that is mentioned by many authors are the 
depressive symptoms and the sometimes severe episodes 
of depression. According to some studies the combination 
treatment with ribavirin is associated with a higher inci-
dence of side effects, especially depression, anxiety and 
irritability.41 Interestingly, there are studies indicating that 
the occurrence of depression induced by treatment may 
be prognostic for better treatment outcome. Loftis et al. 
showed that both ETR and sustained viral response (SVR) 
were higher among patients who experienced depressive 
side effects than in patients who did not.40 Analysis of 
these studies raises a question: is the psychiatric history of 
the patient (including previous episodes of severe depres-
sion, schizoaffective disorders or substance use disorders) 
of relevance to the occurrence and severity of adverse 
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reactions to IFN treatment? Schaefer et  al. conducted 
a  study on 81 HCV-positive patients who were treated 
with IFNα-2a.42 Current and previous psychiatric disor-
ders, substance use disorders and methadone substitution 
were taken into account. There were no significant dis-
crepancies regarding SVR between study groups and the 
control population.42 What is more, no significant differ-
ences emerged while taking into account the occurrence 
and severity of first-time psychiatric conditions during 
therapy. The  symptoms of depression present before or 
during treatment were statistically without any relation 
to the treatment outcome. Irritability was the most com-
mon adverse reaction.42 That study, as well as the more 
recent works by Scheafer et  al., consistently shows that 
the HCV genotype is the only correlate of the SVR value.42 
There are several mechanisms that are being considered 
as relevant to the occurrence of IFN treatment adverse 
reactions. It  remains unclear which are most significant 
in the pathophysiology. The  first possible mechanism 
concerns tryptophan (serotonin precursor) metabolism.41 
The activity of indoleamine 2,3-dioxygenase, an enzyme 
responsible for converting tryptophan to kynurenine, 
increases resulting in decreased tryptophan plasma con-
centration. Hence the serotonin (5-HT) plasma levels 
become decreased, which is an important part of the 
genesis of depression.41 The  increased concentration of 
kynurenine metabolites also relates to the induction of 
depressive disorders. It results in the excessive expression 
of N-Methyl-D-Aspartate receptors in the hippocampus, 
leading to its atrophy.40 What is more, IFN is a dopamine 
receptor agonist in the CNS. Levels of adrenaline and 
noradrenaline rise after IFN injections resulting in agita-
tion, irritability and anxiety. During chronic administra-
tion, down-regulation of the receptors takes place, which 
may escalate depression. Fluctuations of dopamine lev-
els may contribute to bradykinesia, anhedonia and a de-
pressed mood.40,41 It is also apparent that IFN-α directly 
activates the hypothalamus-pituitary-adrenals axis (HPA) 
leading to an increase in secretion of CRH and AVP and 
also elevates ACTH levels. Increased levels of these hor-
mones are characteristic of MDD (major depressive dis-
order) and anxiety disorders.16,18. Moreover, IFN is an 
activator of pro-inflammatory cytokines: IL-1, IL-6 and 
TNFα. This results in the escalation of oxidative stress, 
neurotoxic effects and also the activation of the HPA axis. 
During the therapy of HCV and HBV infected patients 
a  correlation has been observed between higher IL-6 
plasma levels and the occurrence of depressive and anxi-
ety symptoms.40 An IFN influence on depression through 
peptidases is also being considered. While MDD patients 
are known to have a  decreased dipeptidyl peptidase IV 
(DPP IV) plasma activity, during IFN treatment DPP IV¹ 
activity independently decreases.40 Schaefer et  al. con-
ducted another study among 36 HCV infected subjects 
on IFN treatment. A part of this group was additionally 
treated with antidepressants.41 Some of the participants 

had a  psychiatric history but it had no relevance to the 
conclusion that the use of SSRI’s (citalopram in this study) 
is effective in the prevention and treatment of depressive 
IFN complications. Nevertheless, the values of SVR did 
not differ significantly between groups.41 On the other 
hand, Morasco et  al. demonstrated in their study that 
paroxetine prophylaxis did not prevent depressive com-
plications, however effective it was in their treatment.40 
Concluding, it remains certain, (based on evidence from 
multiple studies) that SSRI’s are effective in ameliorating 
depressive symptoms, thus, in many cases, enabling the 
continuation of IFN treatment.40

While IFN remains the core of HCV therapy, the para-
digm is steadily moving from an immune-based, long-term 
therapy with severe side-effects and modest efficacy on to all 
oral, well-tolerated, short-term and more efficacious regi-
men with the use of direct acting antiviral agents (DAAs).43 
The first DAAs were introduced in 2011 – the NS3/4A pro-
tease inhibitors (PIs): telaprevir and boceprevir. Since the 
major reported side effects include anemia, dysgeusia and 
rash, they do not add significant neuropsychiatric risk.43 
Current clinical trials showed that other recently approved 
or approval awaiting – HCV NS5A inhibitors (daclatasvir, 
ledipasvir) or HCV NS5B polymerase inhibitors (sofosbu-
vir, deleobuvir) also lack adverse effects that could signifi-
cantly deteriorate patients mental condition.43,44 However, 
DAAs are highly active antivirals, they have a low barrier 
to resistance. Thus, a combined treatment with PEG-IFN 
and RBV is being recommended, making the overall effi-
cacy still dependent on individual IFN sensitivity and ad-
verse effects tolerance.43 The breakthrough IFN-free regi-
mens assume concurrent therapy with 2 or 3 DAAs, which 
makes the treatment extremely expensive, thus unavailable 
in most countries. While pharmaceutical generics are not 
yet available, a sofosbuvir 12-week regimen costs approxi-
mately $84,000.43 However, DAAs do not pose neuropsy-
chiatric risk directly; they may interact with psychotropic 
agents through P450 cytochrome and p-glycoprotein.43,44 
The  contraindicated drugs list includes: midazolam, car-
bamazepine, pimozide and hypericum perforatum. Inter-
actions between PIs and SSRIs or SNRIs may exacerbate 
adverse effect or decrease blood plasma concentrations.44 
Thus parallel administration of telaprevir of escitalopram 
requires dose optimization. Boceprevir and teleprevir may 
also interact with psychotripic agents prone to corrected 
QT interval prolongation.44

HCV and HIV coinfection
Nearly one third of the HIV infected population is also 

infected with HCV. The prevalence of co-infection reach-
es 70–90% in the group of infected through intravenous 
drug use.7 HIV and HCV infections have a mutually nega-
tive impact on their course. HIV infection accelerates the 
development of liver cirrhosis. The prognosis for HIV dis-
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ease becomes significantly worse among the HCV infect-
ed subjects.6 Both viruses have effects that may contribute 
to CNS dysfunction.6,7 Patients in the asymptomatic HIV 
stage often exhibit impaired attention, speed of process-
ing and working memory. Similar deficits were observed 
among pre-cirrhotic HCV patients.4 Slowed information 
processing, impaired attention and poor learning skills 
are also patterns of deficits frequently demonstrated in 
minor cognitive-motor disorder (MCMD) and patients 
with liver cirrhosis and subclinical type C hepatic enceph-
alopathy.4 The co-infection is often associated with more 
extensive psychoactive substance abuse.4

Reports concerning the influence of co-infection on 
the subject’s mental state are unequivocal. Von Gisen 
et  al. in consistence with Perry et  al. did not state any 
decrease in cognitive performance in a  group of HIV-
HCV positive patients. However, those patients showed 
slower reaction time and were more depressed.3,5 Ryan 
et  al. report that the co-infection is associated with 
worse executive functioning, higher incidence of drug 
dependence and an increased risk of AIDS dementia 
complex. However, there were no significant differences 
regarding the occurrence of primary mental diseases.2 
On the other hand, Clifford et al. showed in their study 
that patients simultaneously infected with HIV and 
HCV achieved worse results in cognitive tests and were 
more depressed (57 vs 32% among HIV infected).6 Also 
Chermer et al. report that the HCV infection indepen-
dently influences the impairment of cognitive function-
ing, especially learning abilities, abstract thinking and 
motor skills.6 Changes in the white matter were reported 
in the co-infected subjects, suggesting a direct relation 
with the presence of HCV in the brain.3 Letendre et al. 
established that the co-infection was associated with 
greater global cognitive impairment without relation to 
methamphetamine dependence.6

A study by Hilsabeck et al. confirms the significant influ-
ence of HIV-HCV co-infection on cognitive functioning. 
80% of co-infected patients met the cognitive impairment 
criteria compared to 69% of HIV-monoinfected. Psycho-
motor slowing was stated in 84% of co-infected patients 
compared to 56% monoinfected.2 A  study conducted 
among HIV-HCV positive methamphetamine users dem-
onstrated more severe cognitive impairment and higher 
levels of immune activation markers than in the HCV-
negative control group. Impaired memory was associated 
with higher HCV-RNA plasma levels.7 Antiretroviral HIV 
therapy may contribute to amelioration of cognitive func-
tioning attributed to HCV infection although the associa-
tion between cognitive impairment and the levels of virus 
in the brain requires further investigation.2 The grounds 
for HIV and HCV additive neuropathological effect have 
not been fully explained. It  is being hypothesized that 
the HIV infection may promote extrahepatic HCV rep-
lication in macrophages. This could explain the relatively 
more common extrahepatic replication of HCV among 

the HCV-HIV positive subjects.6 There is some evidence 
suggesting that uncontrolled HIV disease may contribute 
to the facilitation of cell-associated brain entry of HCV. 
According to Eugenin et al., there are certain blood-brain 
barrier abnormalities during the HIV infection that could 
enhance mononuclear cell brain migration.6 In  accor-
dance with the above mentioned information, the HCV 
infection also results in blood-brain barrier functioning 
impairment which could enhance CNS replication of 
HIV.2 The proposed term for this phenomenon is “syner-
gistic copathogenicity”.28 The plasma levels of IL-6, IL-1b 
and MIP1β cytokines are in co-infected patients associ-
ated with levels of cognitive abnormalities. This allows 
a hypothesis that the neuropathology of the co-infection 
is a result of interplay of HIV, HCV and the inflammatory 
host responses.2

Summary
There is evidence that psychiatric manifestations of 

HCV may become even more prevalent with the increas-
ing life expectancy of the infected population.3 Neuroim-
aging and neurophysiological techniques have proved to 
be reliable surrogate markers for pathologies of the CNS. 
They are used in monitoring the progression of the dis-
ease and in the design of CNS-specific treatments in sev-
eral neurodegenerative diseases such as multiple sclerosis 
and Alzheimer’s disease.4 It would be of great advantage 
to adapt these techniques for the use in managing CNS 
involvement in HCV infection. Several neuroimaging and 
neurophysiological procedures have demonstrated a po-
tential value in HCV infection, including the visualiza-
tion of abnormalities in clinically asymptomatic patients.4 

The prevalence of depression and other psychiatric disor-
ders remains higher among HCV positive patients than in 
the general population. What is more, the rate of suicidal 
thoughts and tendencies is also significantly increased.3 
This comorbidity is associated not only with lower qual-
ity of life and poorer adherence to therapeutic regimens, 
but also (as proved in several studies), with poorer treat-
ment efficacy of infected patients with depression or cog-
nitive impairment in particular.24,31 What is important, 
the above disorders when left untreated increase the rate 
of risk-taking behaviors among the infected, thus posing 
a  threat not only to themselves but also to the healthy 
population.22,23 Moreover, there is evidence of increased 
overall mortality from any cause of the infected. In  the 
case of patients with concomitant depression, the mortal-
ity due to liver insufficiency is also increased. Finally, the 
rate of successfully conducted liver transplants is signifi-
cantly lower in this group.1 Considering the facts on the 
prevalence and influence of psychiatric disorders, includ-
ing substance use disorders in HCV, it is clear that screen-
ing for them and their appropriate therapy is extremely 
important.
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Abstract
Fine needle aspiration (FNA) biopsy is an important and widely accepted method used in the diagnosis of 
patients with thyroid nodules.The lack of consistency in reporting FNA taken from the thyroid gland has 
led to divergences in the calculation of the sensitivity and specificity of the method. Discrepancies depend 
on what was considered to be true or false negative/positive. This resulted in confusion among doctors, 
who had to decide how to manage the patient with constantly changing positive or negative results of the 
FNA. The problem was solved in 2007, when “The Bethesda System for Reporting Thyroid Cytopathology” 
(TBSRTC) was introduced. Generally, TBSRTC, compared to previous systems, results in reducing the number 
of non-diagnostic/indeterminate cases and enables a better clinical usefulness of the results of the FNA of 
the thyroid gland. This is probably due to the introduction of more standard criteria for interpreting and 
reporting. TBSRTC improves communication between cytopathologists, reduces the number of unneces-
sary operations on benign lesions, and makes it possible to perform the operation on time in patients with 
malignant lesions and predict the risk of thyroid cancer. It provides a simple and reliable exchange of data 
not only between various laboratories but also between institutions throughout the world. Research shows 
that all indicators of malignancy calculated for all categories have similar value to the recommended rate 
of malignancy.
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Fine needle aspiration (FNA) biopsy is an important 
and widely accepted method used in the diagnosis of pa-
tients with thyroid nodules. It is simple, thorough and safe 
for the patient as well as cost-effective.1 FNA is character-
ized by high sensitivity and accuracy.2 It reduces the num-
ber of thyroid surgeries on patients with benign lesions as 
well as appropriately qualifies patients with thyroid can-
cer for surgery.3 Despite the wide application of FNA in 
the diagnosis of thyroid nodules, there was confusion re-
lated to diagnostic terminology in the assessment of the 
preparations. The reasons for this were the multiplicity of 
the category names, descriptive reports without assigned 
categories and variable terminology of surgical patholo-
gy.4 The lack of consistency in the reporting of FNA taken 
from the thyroid gland has led to divergences in the cal-
culation of the sensitivity and specificity of the method. 
The discrepancies depend on what was considered to be 
true or false negative/positive. This resulted in confusion 
among doctors, who had to decide how to manage the pa-
tient with a constantly changing positive or negative re-
sult of the FNA.5 The problem was solved in 2007, when 
it was discussed by the National Cancer Institute (NCI) 
during the NCI Thyroid Fine Needle Aspiration State-of-
the-Science Conference, where terminology and morpho-
logical criteria for the evaluation of the preparations from 
the FNA of the thyroid gland were defined, thereby creat-
ing a framework for “The Bethesda System for Reporting 
Thyroid Cytopathology” (TBSRTC).6,7 The  introduction 
of the new system of diagnostics of the thyroid gland was 
supported by many researchers.8,9

Fig. 1 presents the recommended diagnostic categories 
for the Bethesda System and the risk of malignancy for 
a specific category.10

Earlier studies show that individual diagnostic catego-
ries are interlinked.11 For example, Renshaw et al. suggest 
in their studies a negative link between ND (non-diagnos-
tic) categories and MGT (malignant), implying that the 
cases qualified to ND are most likely to be with benign 
rather than malignant lesions. A recent survey by Krane 
et  al.13 shows that there is a  relationship between AUS/
AFLUS categories (atypia of undetermined significance/
atypical follicular lesion of undetermined significance) 
and MGT, suggesting that during the AUS/AFLUS diag-
nosis, the malicious changes are more probable than be-
nign changes. Therefore, it was proposed that the (AUS/
AFLUS)/MGT ratio could be a  useful tool for assessing 
quality in cytology.

Comparison of previous system 
and the Bethesda System for 
reporting thyroid cytopathology

Pathak et  al.14 conducted a  study in which 39 cases 
specified as not conclusive using the 4-phase system 
were rated again using TBSRTC. The reassessment was 
carried out by a person with the same diagnostic experi-
ence. Of the 39, only 2 cases were left in the category of 
ND, which constitutes 5.13%. The others were qualified 

Fig. 1. The Bethesda System for 
Reporting Thyroid Cytopathology: 
Recommended Diagnostic Categories10

Diagnostic Category Risk of 
malignancy Usual management

1. Nondiagnostic or unsatisfactory
cyst fluid only
virtually acellular specimen
other (obscuring blood, clotting artifact, etc.)

– repeat FNA with ultrasound

2. Benign
consistent with a benign follicular nodule  
(includes adenomatoid nodule, colloid nodule, etc.)
consistent with lymphocytic (Hashimoto) thyroiditis  
in the proper clinical context
consistent with granulomatous (subacute) thyroiditis

  0–3 clinical follow-up

3. Atypia of undetermined significance/follicular lesion
of undetermined significance 

  5–15 repeat FNA

4. Follicular neoplasm/”suspicious” for follicular neoplasm 
Specify in Hürthle cell type

15–30 surgical lobectomy

5. Suspicious for malignancy
suspicious for papillary carcinoma
suspicious for medullary carcinoma
suspicious for metastatic carcinoma
suspicious for lymphoma

60–75 near-total thyroidectomy or 
surgical lobectomy

6. Malignant
papillary thyroid carcinoma
poorly differentiated carcinoma
medullary thyroid carcinoma
undifferentiated (anaplastic) carcinoma
squamous cell carcinoma
carcinoma with mixed features
metastatic

97–99 near-total thyroidectomy
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for other categories. In the AUS/AFLUS category, there 
were 15 cases (38.46%). The  authors note that the in-
troduction of the 6-Phase Bethesda System has resulted 
in reducing the number of non-diagnostic/indetermi-
nate cases as compared to the previously-used system, 
enabling better clinical usefulness of the results of the 
FNA of the thyroid gland.14 Song et al.15 also believe that 
the introduction of TBSRTC reduces the number of un-
specified cases of thyroid gland FNA. They conducted 
a study in which, among 154 indeterminate cases, only 
2 were in the ND group (and 77 cases in the AUS/AFLUS 
group).15 Richmond et  al.16 analyzed 100 cases before 
and after the introduction of TBSRTC. Of the 68 cases 
previously referred to as indeterminate, 32 (41.7%) were 
assigned to the BN category (benign). The  authors be-
lieve that the introduction of TBSRTC resulted in the 
classification of a  significant proportion of the previ-
ously unspecified cases as benign lesions. This is prob-
ably due to the introduction of more standard criteria 
for interpreting and reporting. The  authors conclude 
that, while maintaining the same diagnostic accuracy in 
detecting cancers of the thyroid, it is possible to reduce 
the number of surgeries to remove part or all of the thy-
roid gland (thyroidectomy).16 Other authors (Kiernan 
et al.),17 on the basis of their studies, conclude that the 
introduction of TBSRTC in a  single institution has re-
sulted in an increase in the percentage of indeterminate 
FNA cases, but the diagnostic accuracy of the SM cat-
egory (suspicious for malignancy) increased.17 McElroy 
et  al.18 compared the earlier system and TBSRTC. On 
this basis, they stated that the introduction of TBSRTC 
led to improved predictions of malignancy and more ac-
curate diagnosis. After the introduction of TBSRTC, the 
clinical management of patients with indeterminate di-
agnosis has not changed. Interobserver concordance was 
rated moderate, what could have been caused by a dif-
ferent level of experience in cytology.18 Rabaglia et al.19 
said, after comparing the system before and after the 
introduction of TBSRTC, that after the introduction of 
TBSRTC, the number removals of the thyroid gland has 
not changed for the indeterminate cases, but the risk of 
malignancy has been reduced.

Impact of the Bethesda System  
for reporting thyroid 
cytopathology on quality  
of reporting

This system improves communication between cyto-
pathologists, reduces the number of unnecessary opera-
tions on benign lesions and makes it possible to perform 
the operation on time in patients with malignant lesions 
and predict the risk of thyroid cancer. It provides a simple 
and reliable exchange of data not only between various 

laboratories but also between institutions throughout the 
world.10 Bongiovanni et al. carried out a meta-analysis, on 
the basis of which they claimed that TBSRTC has high 
diagnostic accuracy in general and provides a reliable and 
valid reporting system for cytology of the thyroid gland.20 
Hershman21 in his meta-analysis compared the results of 
the reports from 8 outlets. The MGT category accounted 
for 5.4% of all thyroid FNAs, SM for 2.6%, SFN (suspi-
cious for follicular neoplasm): 10.1%, AUS/AFLUS: 9.6%, 
BN: 59% and ND: 13%. On the basis of these results, Her-
shman found that TBSRTC is an effective classification 
system of FNA for the treatment of patients with thyroid 
nodules.21 Crowe et al. claim22 TBSRTC affects the quality 
of reporting. By comparing the cases of thyroid FNA as-
sessed by TBSRTC and the previous system, the authors 
proved that TBSRTC has reduced the number of subse-
quent surgical resection and reduced the number of am-
biguous diagnoses. The overall number of operations car-
ried out has been reduced, especially for benign lesions. 
However, the diagnostic accuracy has not changed signifi-
cantly following the introduction of TBSRTC.22 Accord-
ing to Olson et al.23 the introduction of TBSRTC coincid-
ed with a reduction in the number of cases of „suspicious 
for papillary thyroid carcinoma” (SPTC) and at the same 
time caused an increase in the indicator of malignancy for 
that category, called in the Bethesda System, „suspicious 
for malignancy” (SM).

Comparison of interobserver 
concordance

As already mentioned, the introduction of TBSRTC led 
to the unification of diagnostic terminology and report-
ing of the results of the thyroid gland in order to improve 
the clinical management and reduce the number of inde-
terminate cases.14 However, morphological interpretation 
remains subjective and there are discrepancies between 
observers.24 Pathak et  al.14 conducted a  study in which 
415 FNA  thyroid gland preparations were assessed. All 
preparations were assessed by three observers with vary-
ing degrees of experience in cytopathology. In addition, 
for comparison of the results, all preparations were reas-
sessed by an experienced cytopathologist. The results of 
this test show that the Bethesda System in FNA  of the 
thyroid gland has good repeatability between observ-
ers at different levels of experience in cytopathology 
with greater repeatability for those with growing expe-
rience.14 In  other studies, Prabath et  al.25 compared the 
interobservers’ compatibility between the system used in 
Sri Lanka and the Bethesda System. Studies have shown 
a significant interobserver concordance for both systems. 
TBSRTC showed a slightly higher percentage of compli-
ance results, but not statistically significant. Jing et  al.26 
did a reassessment of cases from AUS/AFLUS. Part of the 
cases remained in this Bethesda System diagnostic cat-
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egory and the rest were allocated to one of the remain-
ing other categories. Compatibility between observers for 
these 5 categories ranges from 71.6% to 100%, which gives 
it an average of 88.8%.26

Comparison of the 
malignancy indicator between 
the recommended  and calculated 
rate on the basis of the studies

Mufti et al.27 conducted a study to determine the indi-
cator of malignancy and compare it to the recommended 
rate. The  indicator of malignancy for specific categories 
was as follows: ND/UNS: 20%, BN: 3.1%, AUS/AFLUS: 
50%, SFN: 20%, SM: 80% and MGT: 100%. Similar studies 
conducted by Lee et al.28 showed the malignancy indica-
tor valued: ND/UNS: 4.2%, BN: 0%, AUS/AFLUS: 41.2%, 
SFN: 46.4%, SM: 48.4% and MGT: 78.4%. Vickie et  al.29 
noted the following malignancy indicator: ND/UNS: 8.9%, 
BN: 1.1%, AUS/AFLUS: 17%, SFN: 25.4%, SM: 70% and 
MGT: 98.1%. Wu et al.30 noted, in their studies, the ma-
lignancy indicator as follows: BN: 3%, AUS/AFLUS: 6%, 
SFN: 22%, SM: 56% and MGT: 100%. Yassa et al.31 noted 
the malignancy indicator for specific categories to be: ND: 
10%, BN: 0.3%, AUS/AFLUS: 24%, SFN: 28%, SM: 60% and 
MGT: 97%. Similar studies conducted Yang et al.32 record-
ed the indicators at the following level: ND: 10.7%, BN: 
0.7%, AUS/AFLUS: 19.2%, SFN: 32.2%, SM: 64.8% and 
MGT: 98.4%. Nayar and Ivanovic5 also conducted a study 
to define the malignancy indicators. Their results were as 
follows: ND: 9%, BN: 2%, AUS/AFLUS: 6%, SFN: 14%, SM: 
53% and MGT: 97%. Research shows that all indicators 
of malignancy have a similar value to the recommended 
rate of malignancy. Mondal et al.33 specified a malignancy 
indicator for all TBSRTC categories on the basis of the 
studies: ND: 0%, BN: 4.5%, AUS/AFLUS: 20%, SFN: 36%, 

SM: 75% and MGT: 97.8%. Tepeoǧlu et al. conducted sim-
ilar studies.34 On their basis, the malignancy indicators 
were calculated as: BN: 0%, AUS/FLUS: 12.7%, SFN: 35%, 
SM: 91.4% and MGT: 100%. Sheffield et al.35 conducted 
a review on the subject of malignancy level between TB-
SRTC categories: ND: 11–26%, BN: 4–9%, AUS/AFLUS: 
19–38%, SFN: 27–40%, SM: 50–79% and MGT: 98–100%. 
Table 1 shows all the results which are similar to the Shef-
field et al. results.

The collected data shows that the values for the AUS/
AFLUS and SFN categories overlap each other.35 On the 
basis of the results, it can be seen that the diagnostic cat-
egory AUS/AFLUS is multi-faceted. Ohori and Schoedel36 
did a review of the AUS/AFLUS category which showed 
variation in the frequency of its occurrence ranging from 
0.7 to 18% and the malignancy level wavering from 6 to 
48%. Other authors (Broome and Solorzano),37 on the 
basis of studies in which samples were compared before 
and after the introduction of TBSRTC, said that the AUS/
AFLUS category after the introduction of the system was 
used more often than recommended (14%) and the degree 
of malignancy was higher than expected (20%). On the ba-
sis of the study results,29 Vickie et al. state that classifying 
the changes in thyroid cells to the AUS/AFLUS category 
plays an important role in triaging of the patients with 
thyroid nodules because those patients happen to have 
a  lower malignancy risk after surgical observation than 
those with preliminary diagnosis of SNF after cytology. 
It should be considered that the AFLUS/AUS category is 
subjective and non-homogeneous, and that there are and 
will always be differences between observers.38

Other authors39 feel that the AUS/AFLUS category, 
because of its heterogeneity and the fact that it consists 
of the samples with borderline cellularity (the quality of 
sample is compromised) as well as those with true atypia, 
should be eliminated. Studies conducted by them show 
that cases assigned to the AUS/AFLUS category can ul-
timately be assigned to other Bethesda System groups.39 
Jing et  al.26 conducted a  study in which they reassessed 

Table 1. Comparison of follow-up malignancy rates among published studies

Malignancy Rates among 
Published Studies

Diagnostic category

ND [%] BN [%] AUS/AFLUS [%] SNF [%] SM [%] MGT [%]

Mufti et al.27 20 3.1 50 20 80 100

Lee et al.28 4.2 0 41.2 46.4 48.4 78.4

Vickie et al.29 8.9 1.1 17 25.4 70 98.1

Wu et al.30 – 3 6 22 56 100

Yassa et al.31 10 0.3 24 28 60 97

Yang et al.32 10.7 0.7 19.2 32.2 64.8 98.4

Nayar and Ivanovic5 9 2 6 14 53 97

Mondal et al.33 0 4.5 20 36 75 97.8

Tepeoǧlu et al.34 – 0 12.7 35 91.4 100

Sheffield et al.35 (review)  11–26  4–9 19–38 27–40  50–79 98–100
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the cases from the category of AUS/AFLUS. The analy-
sis shows that from 50 preparations in the AUS/AFLUS 
group, ultimately 11 (22%) remained. In the ND category 
there were 2 (4%), BN: 26 (52%), SM: 10 (20%) and MGT: 1 
(2%). Walts et al.40 conducted a study, on the basis of which 
they wanted to determine whether the AUS/AFLUS cate-
gory should be divided into further subcategories accord-
ing to the malignancy rate. Studies suggest that cases of 
AUS/AFLUS showing the presence of focal nuclear atypia 
carry a higher risk of cancer than other cases assigned to 
AUS/AFLUS and fit better into the category of SM, while 
those cases that do not show atypical nuclear character-
istics show the risk of malignancy recommended for TB-
SRTC AUS/AFLUS categories.40

Generally, compared to previous systems, TBSRTC 
results in reducing the number of non-diagnostic/inde-
terminate cases and enables better clinical usefulness of 
the results of a FNA of the thyroid gland. This is prob-
ably due to the introduction of more standard criteria for 
interpreting and reporting. TBSRTC improves commu-
nication between cytopathologists, reduces the number 
of unnecessary operations on benign lesions and makes 
it possible to perform the operation on time in patients 
with malignant lesions and predict the risk of thyroid 
cancer. It provides a simple and reliable exchange of data 
not only between various laboratories but also between 
institutions throughout the world. Research shows that all 
indicators of malignancy calculated for all categories in 
TBSRTC have similar values to their recommended rates.
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