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SUMMARY

Introduction/Objective The aim of this paper is to present changes of tumor necrosis factor-a (TNF-a) lev-
els in uterine flushings and serum of infertile female patients before and after hysteroscopic polypectomy.
Methods A total of 82 infertile female patients were included in the study. The patients were divided
into two groups. The first group was the experimental group and comprised 56 infertile women with
endometrial polyps, whereas the second group was the control group of 26 infertile women who were
not diagnosed with endometrial polyps.

Results The results of this research primarily suggest that TNF-a concentrations obtained from uterine
flushings and serum of infertile patients diagnosed with endometrial polyps differed before and after
a surgical procedure. In the control group of patients, there was no significant difference observed re-
garding TNF-a concentrations in serum and uterine flushings of women without endometrial polyps.
A comparison between these two groups revealed differences in TNF-a concentrations in both venous
blood and uterine flushings. These differences were considered statistically significant.

Conclusion Endometrial polyps are one of the causes of higher TNF-a levels in both uterine flushings

and serum.
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INTRODUCTION

Endometrial polyps are benign localized over-
growth of endometrial tissue, composed of
glands, stroma, and blood vessels covered by
epithelium. They develop once the endome-
trium becomes hypertrophic, which is a con-
sequence of oestrogen stimulation [1, 2, 3].
They are diagnosed based on hysteroscopic,
sonographic, or hysterosonographic findings,
after a polyp, which can vary in size, has been
detected in the uterine cavity [4]. There is a
large group of protein molecules that mediate
and regulate intercellular communication both
in physiological and pathological conditions
and these are called cytokines [5, 6, 7]. Cyto-
kines are produced by different cells that in-
duce chemotaxis, activation, proliferation, and
differentiation of other cells. The endometrial
tissue also produces cytokines. Cytokines have
a significant role in the relationship between
the decidua and the embryo during implan-
tation [8, 9]. The most important physiologi-
cal functions of cytokines include regulating
cell growth and humoral immune response,
regulation of hematopoiesis, controlling cell
proliferation and differentiation, and wound
healing [10-13]. Cytokines can act locally or

systemically [14]. Cellular response to most cy-
tokines is followed by gene expression, which
results in the target cell gaining some new func-
tions and can sometimes lead to cell prolifera-
tion [15]. Tumour necrosis factor-a (TNF-a)
belongs to the family of cytokines that are
considered the most versatile. Not only does
TNF-a play a prominent role in the synthesis
of DNA in the early stage of proliferation, but
it also contributes to cell differentiation and
tissue remodeling. This is essential in terms of
embryonic attachment [16].

The objective of this paper is to present
changes of TNF-a levels in serum and uterine
flushings of infertile female patients before and
after hysteroscopic polypectomy.

METHODS

This was an open cross-sectional study, which
included 82 infertile female patients aged
22-42 years. The patients were divided into
two groups. Firstly, the experimental group
comprised 56 infertile women who were di-
agnosed with endometrial polyps, whereas
the second group was the control group of
26 infertile women who were not diagnosed
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with endometrial polyps. The study was conducted at the
Narodni front Obstetrics and Gynecology Clinic in Bel-
grade and the Centre for Molecular Medicine and Stem
Cell Research, Faculty of Medical Sciences, University
of Kragujevac, between May 2012 and November 2013.
The inclusion criteria were as follows: a history of infer-
tility (= 1 year), age (22-42 years), and regular menstrual
cycles, not taking hormonal contraceptives or hormonal
medications that could affect the endometrium for the
last six months, an endometrial polyp detected by either
two-dimensional (2D) ultrasound or saline infusion sono-
hysterography, no other endometrial pathology observed
by a transvaginal ultrasound. The exclusion criteria for
both groups of participants were the presence of submu-
cous myomas, endometriosis, endometrial cancer, uterine
anomalies, history of uterus and fallopian tubes surgery,
history of ovulation induction failure, age > 42 years. Fur-
thermore, the research was approved by the Ethics Board
of the Narodni front Obstetrics and Gynecology Clinic on
May 24, 2012; ref. No.: 04-24/3-1. The diagnosis of polyps
was threefold. They were diagnosed by 2D transvaginal
ultrasound examinations conducted in the first stage of
the cycle, by hysterosonographic examinations, or during
hysteroscopy itself. After the intervention, all the patients
were followed up for one month by taking the samples
of peripheral venous blood and determining the levels
of the same cytokines [17]. An ultrasound check-up was
also performed. Hysteroscopy was performed in a fully
equipped operating room using completely adapted instru-
ments. The patients were under general anesthesia during
hysteroscopy. Preoperative preparation involved complete
diagnostics and routine tests: cervical and vaginal swabs;
swabs for chlamydia, ureaplasma, and mycoplasma; Pap
smear; 2D ultrasound; blood typing; hematology and bio-
chemical analyses; preoperative assessment by an internist
and an anesthetist; giving an informed consent for surgical
treatment. The patients underwent surgical procedures
prior to the mid-proliferative stage of the cycle, soon after
menstrual bleeding had ceased. Hysteroscopy can be per-
formed regardless of the phase of the cycle, providing the
patients have been prepared by taking oral hormonal con-
traceptives. Diagnostic hysteroscopy was performed in the
control group of infertile women to detect any pathological
changes in the uterine cavity that could cause infertility.
Endometrial biopsy was performed in patients with normal
hysteroscopic findings. The endometrial samples were his-
topathologically examined to detect any abnormalities of
the endometrium. During diagnostic hysteroscopy, saline
is used for uterine distension, which enables the uterine
cavity to be visually examined with 30° angle lens. In this
way, uterine horns, the fundus, anterior and posterior uter-
ine walls, and the lateral sides of the uterus are visualized.
At the level of the intrauterine horns, the hysteroscope
allows a panoramic view of the uterine cavity, followed
by the visualization of the cervical canal. Due to the mus-
cular structure of uterine walls, the distension pressure
of > 40 mmHg is required. Operative hysteroscopy was
performed in the experimental group by using an operative
continuous flow hysteroscope with a resectoscope that uses
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bipolar electrical current. The resectoscope has a cutting
loop electrode, which is used for removing endometrial
polyps. The procedure for determining the concentrations
of TNF-a in uterine flushings was as follows: a Cusco’s
speculum was inserted once the patient was placed in the
lithotomy position, which enabled the visualization of the
cervix. After the cervix had been flushed with sterile sa-
line, a pediatric 8F Foley catheter was placed through the
cervical canal and into the uterine cavity. Then, 10 ml of
sterile saline was injected through the catheter and im-
mediately aspirated without contamination. Uterine flush-
ings were centrifuged at 2,500 x g for 10 minutes and the
supernatant was aspirated and stored at -20°C. Afterwards,
the ELISA method was used to detect TNF-a and deter-
mine its concentration. This was conducted at the Centre
for Molecular Medicine and Stem Cell Research, Faculty
of Medical Sciences, University of Kragujevac. When it
comes to measuring serum TNF-a concentrations in the
experimental group of patients, ~5 ml of peripheral ve-
nous blood was sampled one month before and one month
after hysteroscopic surgery. The blood samples were col-
lected into heparinized vacuum tubes and centrifuged at
2,500 x g for 10 minutes. The supernatant was aspirated
and stored at -20°C. Again, the ELISA method was used
to detect TNF-a and determine its concentration. Sample
size calculation was performed by using a formula for
computing a large sample implemented in the PASS soft-
ware 11.0 (NCSS, LLC, Kaysville, UT, USA). Descriptive
and analytical statistics were used to process the obtained
data. Descriptive methods included absolute and relative
numbers, measures of central tendency (mean, median),
and measures of dispersion (standard deviation, inverse
variance). Analytical statistics methods involved com-
parison tests (parametric, non-parametric). All results
were analyzed using the IBM SPSS Statistics, Version 22.0
(IBM Corp., Armonk, NY, USA) software package. The
obtained results were compared to previously reported
data. Finally, the conclusions were reached by analyzing
and interpreting these results.

RESULTS

The study included 56 patients with polyposis (68.3%) and
26 patients without polyposis (31.7%). The age interval
was 22-42 years. The mean age in the group of patients
diagnosed with polyposis was 35.2 + 5.1, while the mean
age in the group of patients without polyposis was 33.2 +
4.9 years. No significant difference was observed regarding
the age (p = 0.061). In the group of patients diagnosed with
polyposis, there were 32 patients with primary infertility
(57.1%), while in the group of patients without polyposis,
there were 17 patients with primary infertility (65.4%). The
statistical analysis revealed no significant differences be-
tween the two groups observed regarding primary infertil-
ity (p = 0.479). The serum concentrations of TNF-a before
hysteroscopic polypectomy were significantly lower in the
experimental group of patients than the serum concentra-
tions of TNF-a detected after hysteroscopic polypectomy
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Table 1. Serum concentrations of tumor necrosis factor-a in the ex-
perimental (Exp) group of patients before and after hysteroscopic
polypectomy

Mean value
15.6220 (10.48-28.06) [pg/ml]
22.7302 (13.57-40.79) [pg/ml]

Exp group of patients
Serum before hysteroscopy
Serum after hysteroscopy

t-test Values
Hypothesis mean difference 0
Df 110
tstat -6.946
P(T<t) 0.0001
T critical two-tail 1.980

Table 2. Serum concentrations of tumor necrosis factor-a in the control
group of infertile patients before and after hysteroscopy

Mean value
13.5908 (6.70-29.26) [pg/ml]
14.5127 (4.12-42.56) [pg/ml]

Control group of patients
Serum before hysteroscopy
Serum after hysteroscopy

t-test Values
Hypothesis mean difference 0
Df 110
tstat -0.917
P(T<t) 0.361
T critical two-tail 2.871

Table 3. Concentrations of tumor necrosis factor-a in serum and
uterine flushings in the experimental (Exp) group of infertile patients
before hysteroscopic polypectomy

Exp group of patients Mean value

Serum before hysteroscopy 15.6220 (10.48-28.06) [pg/ml]
Flushings 12.6046 (6.43.43-23.81) [pg/ml]
t-test Values

Hypothesis mean difference 0

Df 110

t stat 4.450

P(T<t) 0.0001

T critical two-tail 1.980

in the same patients. There was a statistically significant
difference in the serum concentrations of TNF-a in infer-
tile patients before and after hysteroscopic polypectomy
(p < 0.005). This is shown in Table 1 and Figure 1.

The serum concentrations of TNF-a before hystero-
scopic polypectomy were higher in the control group of
infertile patients than the serum concentrations of TNF-a
detected after hysteroscopic polypectomy in the same pa-
tients. However, this difference was not statistically sig-
nificant (p > 0.005). This is shown in Table 2 and Figure 2.

The serum concentrations of TNF-a before hystero-
scopic polypectomy were higher in the experimental group
of infertile patients than the concentrations of TNF-a de-
tected in uterine flushings of the same patients. The differ-
ence was statistically significant (p < 0.005). This is shown
in Table 3 and Figure 3.

The serum concentrations of TNF-a before hysteros-
copy were lower in the control group of infertile patients
than the concentrations of TNF-a detected in uterine
flushings of the same patients. The difference was not
statistically significant (p > 0.005). This is shown in Table
4 and Figure 4.

Srp Arh Celok Lek. 2020 May-Jun;148(5-6):315-321

50.00

40.00- 55

30.00 85
670

01
95
o

TNF-alpha concentrations [pg/ml]

2000

1

T T
before hysteroscopy after hysteroscopy
Experimental patient groups

10.00-

Figure 1. Serum concentrations of tumor necrosis factor-a (TNF-a)
in the experimental group of patients before and after hysteroscopic
polypectomy
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Figure 2. Serum concentrations of tumor necrosis factor-a (TNF-a) in
the control group of infertile patients before and after hysteroscopy
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Figure 3. Concentrations of tumor necrosis factor-a (TNF-a) in serum
and uterine flushings in the experimental group of infertile patients
before hysteroscopic polypectomy
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Table 4. Concentrations of tumor necrosis factor-a in serum and uterine
flushings in the control group of infertile patients before hysteroscopy

Control group of patients Mean value

Serum before hysteroscopy 13.5908 (6.70-29.26) [pg/ml]
Flushings 15.6673 (8.31-27.61) [pg/ml]
t-test Values
Hypothesis mean difference 0

Df 47

tstat -1.140

P(T<t) 0.260

T critical two-tail 2.011

Table 5. Correlation of tumor necrosis factor-a concentrations in uter-
ine flushings and serum in the experimental (Exp) group of infertile
patients before and after hysteroscopic polypectomy

Devi¢ A. et al.

Pearson correlations Flushings | Serum before | Serum after
(Exp) (Exp) (Exp)
Flushings (Exp) 1 -0.18 0.108
Serum before (Exp) -0.18 1 -0.132
Serum after (Exp) 0.108 -0.132 1

Table 6. Correlation of tumor necrosis factor-a concentrations in uter-
ine flushings and serum in the control (Ctrl) group of infertile patients
before and after hysteroscopy

Pearson correlations Flushings | Serum before | Serum after
(Ctrl) (Ctrl) (Ctrl)
Flushings (Ctrl) 1 0.482 0.696
Serum before (Ctrl) 0.482 1 0.398
Serum after (Ctrl) 0.696 0.398 1
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The correlation between the TNF-a concentrations de-
tected in all three samples retrieved from the experimental
group of patients was examined. The peak values show the
sample self-correlation. The correlation values between the
samples indicate that there is not a correlation between the
detected concentration values of TNF-a. In clinical terms,
this means that polyps are associated with endometrial
changes even after they have been removed. However, this
does not indicate a correlation with serum either before or
after polypectomy. This is shown in Table 5 and Figure 5.

The correlation between TNF-a concentrations in all
three samples retrieved from the control group of patients
was examined. The peak values show the sample self-corre-
lation. The correlation values between the samples indicate
that there is a correlation between the detected concentra-
tion values of TNF-a, which shows that the detected values
are in accordance with similar statistical distributions. In
clinical terms, this means that post-hysteroscopy concen-
tration values of TNF-a in the endometrium and serum
show a correlating distribution. The obtained results show
a correlation between uterine flushings and serum prior
to hysteroscopy. There is also a high correlation between
uterine flushings and serum after hysteroscopy. This is
shown in Table 6 and Figure 6.

DISCUSSION

Endometrial polyps are among the factors that are linked
to certain conditions including infertility and pregnancy
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Figure 4. Concentrations of tumor necrosis factor-a (TNF-a) in serum
and uterine flushings in the control group of infertile patients before
hysteroscopy
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Figure 5. Correlation of tumor necrosis factor-a concentrations in
uterine flushings and serum in the experimental group of infertile
patients before and after hysteroscopic polypectomy
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Figure 6. Correlation of tumor necrosis factor-a concentrations in
uterine flushings and serum in the control group of infertile patients
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loss in the early stages. The frequency of polyps in over-
all female population is 9-25% [18]. Even though polyps
are asymptomatic in many cases, they can result in men-
strual cycle disorders (e.g. intermenstrual bleeding). It has
been proved that endometrial polyps can lead to infertility
and early pregnancy loss. Nevertheless, the pathophysi-
ological processes related to infertility caused by polyps
have not been completely elucidated yet. It is believed that
polyps may be the cause of abnormal bleeding, thus af-
fecting the endometrial environment or they can have a
negative impact on implantation conditions [19, 20]. It is
assumed that infertility can be caused by a polyp of 1 cm
in diameter. Uterine cavity assessment and endometrial
polyp removal are routinely performed in infertile women.
There has been evidence suggesting that hysteroscopic pol-
ypectomy resulted in increased pregnancy rates in infertile
patients who had undergone the surgical procedure [21].
The human endometrium produces cytokines that act as
important mediators between the embryo and decidua in
the process of implantation. TNF-a belongs to the family
of cytokines that are considered to be the most versatile.
Not only does TNF-a play a prominent role in the synthesis
of DNA in the early stage of proliferation, but it also con-
tributes to cell differentiation and tissue remodeling [22].
Furthermore, TNF-a facilitates apoptotic processes, which
initiates menstrual bleeding [23, 24]. In spite of infertility
being perceived as a possible consequence of endometrial
polyps, the fact is that the influence of endometrial polyps
on endometrial implantation factors has not been suffi-
ciently investigated yet. Based on the samples obtained be-
fore and after hysteroscopic polypectomy, the present study
has shown that endometrial polyps found inside the uterine
cavity affect TNF-a concentrations in both uterine flushings
and serum of infertile women. The TNF-a concentrations
obtained from the serum after hysteroscopic polypectomy
were significantly higher in comparison to the serum con-
centrations of TNF-a before hysteroscopic polypectomy.
These results are in line with previously reported findings
of other authors [8]. The authors were able to prove that
TNF-a secretion increased during the menstrual cycle after
polypectomy had been performed and that it reached its
peak during the mid-luteal menstrual cycle phase. TNF-a
has multiple functions and its varying concentrations in
different phases of the cycle suggest that it has an impact
on the endometrium and has a complex role in the pre-
implantation of the embryo, which is a prerequisite for a
successful implantation [22]. This is why it is important to
follow up TNF-a concentrations after polypectomy. Apart
from fostering DNA synthesis, TNF-a also improves cell
differentiation and endometrial tissue remodeling. This
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EdeKaT XMcTepoCcKomncKe NOAMNEKTOMMjE Ha KOHLLEHTPaLMjy daKTopa TYmopcKe
HeKpo3e anda y UCNUPKY MaTepuLe U cepymy Kog UHGEPTUNIHUX KeHa

Axa [leBuh', Mnagerko Bacubesuh??, Mapuija Lopak®, AnekcaHgap Jesuh', MisaHa Pyauh-busbuh-Epcki?, TopaH 3ajuh’
'KnuHnykn ueHtap 3emyH, Oferbetbe 3a ruHeKonorujy u akywepctso, beorpag, Cpbuja;

2YHneep3uTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

*[MHeKONOLWKO-aKyLepcKa KnuHuKa HapogHn dpoHT, Beorpag, Cpbuja;
*YHuBep3uTeT y Kparyjesuy, MeanumHckn dakynteT, [MHeKonowWwKo-aKyLepcKa KnnHuka, Kparyjeau, Cpbuja;
*BrcoKa LUKOMa CTPYKOBHIX CTyAMja 3a MHPOpMaLoHe 11 KOMYHUKaLOoHe TexHonoruje, beorpag, Cpbuja

CAXETAK

Yeoa/Uum Linb oBor paga je aa nprkake NpoMeHe HMBOaA
dakTopa Tymopcke Hekpo3e anda (TNF-a) y ucnmpky ytepyca
1 cepyMy UHGEPTUNHUX BonecHNLa Npe 1 Noce XUCTePOCcKon-
CKe nonunexkTomuje.

Metope Cryavja je obyxBaTana 82 nHdepTunHe 6onecHumue.
BonecHuue cy 6une nogesbeHe y age rpyre. Mpsa rpyna je 6una
eKcneprMeHTasHa rpyna Kojy je caumrbasano 56 nHoeptn-
HUX 6onecHILa ca eHgoMeTpujanHuM nonvmnom. [ipyra rpyna
je 6una KoHTporHa rpyna Kojy je caunbaBasno 26 MHGePTUIHUX
XeHa 6e3 eHgoMeTpujanHor nonvna.

Pesynrtatu Pe3yntaTti oBOr nCTpaxuBarba NPMMapHO yKasyjy
[a ce KoHUeHTpauwje TNF-a y cepymy 1y UCNNPKY yTepyca UH-
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bepTUNHNX XeHa ca eHAOMETPUjANIHVM MOMUMOM PasNVKyjy npe
1 NOC/e XUCTEPOCKOMCKE NOANNEKTOMYjE. Y KOHTPOSHOj rpynu
HUCY YOUeHe 3HayajHe pa3nimKke y KoHueHTpaunjama TNF-a'y
UCTNPKY yTepyca 1 cepymy 6onecHula 6e3 eHgomeTpujanHor
nonuna. Nopeherem oBe ABe rpyne youeHa je CTaTUCTUYKN
3HayvajHa pa3nuka y HuBouma TNF-a y ncnupky ytepyca u ce-
pymy 6onecHuLa.

3akspyyak EHAOMeTpujanHn NoAnnu Cy jefaH of y3poKa no-
BehaHvx HuBoa TNF-a y UCnnpKy yTepyca v cepymy 6onecHuua.

KrbyuHe peun: untoknHu; TNF-a; eHgoMeTpujanHy noaumn; nc-
nMpak yTepyca; cepym
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