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Can tolvaptan usage cause cytotoxicity? An in vitro
study

Beril Erdem Tun¢demir®

Department of Biology, Molecular Biology Section, Hacettepe University, Faculty of Science, Ankara, Turkey

ABSTRACT

Objectives: Tolvaptan is a nonpeptide V2 (vasopressin) receptor antagonist which is commonly used for
treatment of hypernatremia. Besides it is mostly used for rescue strategies of mutant V2 receptors which are
responsible for congenital type of Nephrogenic Diabetes insipidus (NDI) as a pharmacological chaperone (PC)
treatment. Tolvaptan is metabolized by CYP3A4 and usage of tolvaptan may cause cytotoxicity which can be
prevented by antioxidants. The aim of this study is investigating cytotoxic effect of tolvaptan on COS-1 cells
and preventing it via antioxidants such as Vitamin C and N-acetyl cysteine (NAC).

Methods: To measure cytotoxicity of tolvaptan, COS-1 cells were separated in three groups; tolvaptan,
tolvaptan+Vitamin C and tolvaptan+tNAC. 24 h after cells were seeded in 96-well plates, they were treated
with different concentrations of tolvaptan, tolvaptan+Vitamin C and tolvaptan+NAC. After 24 h incubation,
the (3-(4,5-Dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide) [MTT] analysis were performed and
GraphPad Prism 5.01 for Windows was used for statistical analysis.

Results: According to results of MTT assay, treatment with tolvaptan did not decrease cell viability except
that treatment of 10> M tolvaptan showed significantly decrase on cell viability compared to control group. At
the concentration of 10 M, there was significantly different cell viability between treated with tolvaptan and
tolvaptan+Vitamin C.

Conclusions: Tolvaptan may show its cytotoxic effects when it is used for the treatment of hyponatremia than
its usage of as a PC. Since low concentrations of tolvaptan for a short time treatment is enough for its PC role,
it may not show any cytotoxic effect on cells which is coherent with our results.

Keywords: Tolvaptan, cytotoxicity, cell culture, hyponatremia, nephrogenic diabetes indipidus,
pharmacological chaperone

rginine vasopressin (AVP) is a small peptide hor-
mon that plays a critical role in body water and
sodium homeostasis and also regulating serum osmo-
lality [1]. AVP shows its effects on V1a, V1b and V2
receptors (vasopressin receptors) which are mainly
seen in the heart and blood vessels, anterior pituitary

and collecting ducts in the kidney, respectively. In ph-
syological conditions, when urine osmolality increase
and plasma serum level decrease, AVP is secreted from
posterior pituitary which causes increased water reab-
sorption resulting in an increase of total body water.
AVP levels are excessively increased in several clini-
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Tolvaptan cytotoxicity

cal situations such as syndrome of inappropriate an-
tidiuretic hormone (SIADH), polycystic kidney dis-
ease (PKD), liver cirrhosis and heart failure [2, 3].
Hyponatremia is seen as the most common electrolyte
disorder in hospitalized patients [4, 5] and many stud-
ies showed that hyponatremia can increase mortality
in patients with liver cirrhosis, congestive heart failure
and neurological diseases [6-9]. Traditional treatment
of hyponatremia is fluid restriction with or without the
usage of lithium, demeclocycline and urea can be re-
mained incomplete in clinical practice because differ-
ent pathophysiological mechanisms have multiple
causes [3, 10]. Usage of vasopressin antagonists
known as vaptans can induce electrolyte free excretion
of water; therefore, they provide a more effective op-
tion to treat hyponatremia [3, 4, 10, 11]. Vaptans are
non-peptide vasopressin receptor antagonists which
can be usable both orally and intravenously. Tolvap-
tan, which is a selective V2 receptor antagonist, is an
orally active molecule that is commonly used for the
treatment of hyponatremia. Tolvaptan was evaluated
in many studies such as “Study of Ascending Levels
of Tolvaptan in Hyponatremia” (SALT-1 and 2), “The
Efficacy of Vasopressin Antagonism in Heart Failure
Outcome Study with Tolvaptan” (EVEREST) and au-
tosomal dominant PKD [5, 11-14]. On the other hand,
V2 vasopressin antagonists mostly have been studied
in functional analysis studies on Nephrogenic Diabetes
insipidus which is characterized imbalance of body
water homeostasis that is a related pathway mentioned
above. V2 receptor mutations can affect maturation of
receptor protein and they can be trapped by Endoplas-
mic reticulum (ER) quality control mechanism in the
cell. Therefore, they cannot perform their function
properly in the kidney. Last years, many vasopressin
agonists and antagonists (tolvaptan belong to this
group) have been used as a pharmacological chaper-
one (PC) to rescue these mutant receptors from ER.
PCs are small cell-permeable molecules that bind
specifically to a misfolded protein and help its stabi-
lization throughout decreasing the folding energy bar-
rier [15, 16]. As a PC, tolvaptan has a potential to
rescue ER-trapped misfolded protein and helps it to
become functional again [17-19]. Studies of functional
analysis and PC rescue about GPCRs mostly use COS-
1 or COS-7 cell lines which were derived from the
CV-1 fibroblast cell line (kidney cell of an adult
African green monkey) in addition to other cell line

types, and COS-1 and COS-7 are different from each
other in terms of early region of SV40 DNA [15, 17,
20-26]. COS cell line was used in this study because
we have been functionally analyzed and showed res-
cue potential of mutant V2 receptors via PCs in our
previous and ongoing studies and therefore it was
aimed to show cytotoxic effects of tolvaptan on COS-
1 cells. In addition to PC studies, many of the other
studies showed that tolvaptan is successful to increase
serum sodium levels in patients with hyponatremia re-
lated with heart failure, cirrhosis and SIADH [27, 28].
On the contrary, in the present time, tolvaptan are not
recommended for routine use in patients with PKD.
Also, FDA restricts the maximum usage period of
tolvaptan as 30 days because of the increased level of
liver enzymes may cause hepatic toxicity with pro-
longed use [11, 29, 30]. PC studies show that small
concentrations of tolvaptan can be enough to rescue
mutant protein [18]. Even so it could cause toxicity in
the cell. For this reason, it is important to decrease cy-
totoxicity of tolvaptan when it is used as a PC in case
it has a toxic effect. Consequently, the aim of this
study is to show cytotoxic effects of tolvaptan on cell
viability and to prevent these effects by antioxidants
such as vitamin C and N-acetyl cysteine (NAC) in
case it shows cytotoxicity.

METHODS

Chemicals

Tolvaptan (Sigma-Aldrich) were prepared as 1 mM
stock solution in DMSO (Cell culture grade, Ap-
pliChem GmbH). Vitamin C (Basel Kimyevi Mad. ve
flag San. Tic. A.S.) was prepared from 500 mg/ml in-
jection solution as 1 mM in DMEM and NAC (Bayer
Tiirk Kimya San. Ltd. $ti.) was prepared from 600 mg
effervescent tablet which was first dissolved in 50 ml
cell culture grade water then, was made as 1 mM stock
solution in DMEM. Stock solutions of Vitamin C and
NAC were freshly prepared before usage. Dulbecco's
modified Eagle's medium (DMEM) High Glucose
with stable Glutamine and sodium pyruvate (Biowest
SAS France facility) supplemented with 10% fetal
bovine serum (originated in South America), 100 U/ml
penicillin and 10 pg/ml streptomycin was used as a
medium in the cell culture.
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Cell Culture Studies

COS-1 cell line was purchased from AddexBio
Technologies (T0014001, Lot number: 0013255) in
2017 for our previous studies and they have been kept
as stocks in liquid nitrogen. For this study, they cells
were grown in DMEM supplemented with 10% FBS,
100 U/ml penicillin and 10 pg/ml streptomycin, in 5%
CO2 in air, at 37°C. Cells were seeded on 96-well
plates as 50.000 cells/well as a three group. After 24
h, media were removed and one group was treated
with only tolvaptan in different concentrations (be-
tween 107 and 10 M). Other two groups were treated
as tolvaptan together with Vitamin C, and tolvaptan
together with NAC (as the same concentrations of
both). After 24 h incubation, the (3-(4,5-Dimethylthi-
azol- 2-yl)-2,5-diphenyltetrazolium bromide) [MTT]
assay was performed.

MTT Assay

MTT is a reagent that is commonly used to define
cell viability in cell culture studies. Formation of MTT
formazan crystals is used to determine viable cells in
this colorimetric method [28]. To measure the viability
of the cells, after the incubation with tolvaptan and an-
tioxidants of the cells, medium was removed and
freshly prepared 100 pl 0.5 mg/ml MTT was added to
the well and plates were incubated for 4 hours in 37°C
in dark. Then, the MTT reagent was removed and re-
placed with 100 pl isopropanol to solubilize the con-
verted purple dye in wells. Absorbance at 570 nm was
measured with EnSight Multimode Plate Reader
(Perkin Elmer).

Table 1. MTT assay results as percentages are seen

Statistical Analysis

For statistical analysis, tolvaptan treatment was
compared with control group, tolvaptan+Vitamin C
group and tolvaptan+ NAC group, separately. Two-
way ANOVA was used as a statistical analysis to de-
termine the prevention of cytotoxicity of tolvaptan
with using Vitamin C and NAC. The level of signifi-
cance was taken as p <0.05 in all instances. Statistical
analysis was performed by using GraphPad Prism 5.01
for Windows (GraphPad Software).

RESULTS

For all comparisons, untreated COS-1 cells were set
to 100% as a control group. According to the percent-
ages of MTT assay results, it was seen that increased
tolvaptan treatment caused increased cytotoxicity
since the percentages of cell viability decreased (Table
1). In addition, Vitamin C and NAC treatment did not
increase the cell viability when it is compared with the
group of only treated with tolvaptan. In other words,
the percentage values were not increased with the
treatment of antioxidants (Table 1). However, when
these results were statistically analyzed, it was seen
that cells treated only with 10> M tolvaptan showed
significantly decreased cell viability compared to the
control group (p = 0.0023) (Table 2). Also, at the con-
centration of 10 M, there was significantly different
cell viability between treated with tolvaptan and
tolvaptan together with Vitamin C (p = 0.0129) (Table
2).

Concentration Tolvaptan Tolvaptan + Vitamin C Tolvaptan + NAC

Mean (%) SD Mean (%) SD Mean (%) SD
10° M 67.9 2.7 68.3 6.8 63.0 52
10°M 79.5 9.9 77.0 11.1 78.3 15.8
107 M 88.1 6.5 83.5 6.2 84.9 5.7
10° M 89.5 9.5 89.5 8.8 87.2 13.3
10° M 92.5 3.5 97.3 2.9 94.5 7.7

The data are given as mean + S.D. of independent experiments (n = 3). For all concentrations, untreated sample of COS-1
cells was set to 100% as a control. MTT = the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, NAC = N-

acetyl cysteine, SD = standard deviation
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Table 2. Comparison of groups

Groups p value
10° M Tolvaptan vs Control 0.0023
10 M Tolvaptan vs 10° M Tolvaptan 0.0129

+ Vitamin C

Significant p values between the groups were analyzed. All
groups were compared between each other and also with the
control group using with two-way ANOVA and only
significant P values were presented in this table. The level of
significance was taken as p < 0.05 in all instances. Statistical
analysis was performed by using GraphPad Prism 5.01 for
Windows (GraphPad Software).

DISCUSSION

Vaptans are nonpeptide V2 receptor antagonists and
they are resembling AVP. Tolvaptan, one of these vap-
tans, is an orally usable and non-peptide V2 receptor
antagonist [3]. It has approximately 2-fold greater
affinity to V2 receptor than its specific ligand, AVP
[31]. Tolvaptan has an ability to increase urine free
water excretion causing decreased urine osmolality
and increased sodium level [31].

At the first double-blind study, the effects of 30
mg, 45 mg and 60 mg of tolvaptan usage once in a
daily for 25 days was investigated in patients with
chronic heart failure (CHF) and it was found that CHF
patients tolerated tolvaptan well and their serum
sodium levels were normalized compared to the
placebo group [32]. According to the SALT-1 and
SALT-2 trials, which were about evaluation of tolvap-
tan usage effects on hyponatremia associated with
congestive heart failure, cirrhosis of the liver and
SIADH, serum sodium levels of patients were im-
proved but after one week of discontinuation, reverted
to hyponatremic conditions [5]. Prolonged use of
tolvaptan (804 days) caused normalization of serum
sodium levels [33]. The results of the EVEREST trials
showed that tolvaptan usage made normalize of serum
sodium levels in patients with congestive heart failure
but it did not demonstrate any survival benefit for pa-
tients [12, 34-36]. At the TEMPO trials which were
about evaluation of tolvaptan treatment in patients
with autosomal dominant PKD, progression of PKD
was delayed but transaminases were seen as increased
more than 3 times in patients with tolvaptan group [2].
After that, US Food Drug Administration (FDA) re-
stricted the usage of tolvaptan more than 30 days be-

cause of the probability of liver toxicity. At all those
trials, the doses of tolvaptan were approximately be-
tween 15 mg and 60 mg in a day. Above this dosage
and also prolonged usage were reported to cause liver
dysfunction via toxicity because tolvaptan is mainly
metabolized by CYP3A4 [11, 37]. All these trials were
conducted with higher concentrations of tolvaptan
treatment in patients; therefore, our results of cellular
toxicity cannot be compared with these trials because
our results are more meaningful for very small dosages
of tolvaptan which could be measured in the cell cul-
ture system. A study about determining the mechanism
of hepatotoxicity of tolvaptan in HepG2 cells showed
that tolvaptan inhibited cell cycle progression, induced
DNA damage and executed apoptosis [9]. Also, they
found that tolvaptan affected many signaling pathways
that cause cytotoxicity [9]. 24 h treatment of HepG2
cells with different tolvaptan concentrations from 1.56
to 100 uM showed that short time as a 24 h-treatment
slightly decreased cell viability. The most obvious de-
crease which was about 40-50% was seen in 100 uM
concentration of tolvaptan [9]. During 24 h treatment,
cell viability decrease was seen at 25 uM concentra-
tion which can be compatible with the results of this
study because the difference between even in 10 uM-
treated cells and the control group of cell viability was
found significant (p = 0.0023) (Table 2). More than
10-5 M concentration of tolvaptan could cause cyto-
toxicity with more than 24 h which is known through
the clinical studies. However, in this study the exper-
iments were performed for only 24 h because PC stud-
ies (which were mentioned in detailed belove) mostly
treat cells with PCs for 18-24 h and short-time treat-
ment is mostly enough to rescue of mutant protein
using with PCs [18, 38].

The disease nephrogenic syndrome of inappropri-
ate antidiuresis (NSIAD) is caused by gain of-function
mutations in the V2 receptor gene (arginine vaso-
pressin receptor 2, AVPR2) [39]. Mutations of Phe229
and Argl137 in AVPR2 were found that cause gain-of-
function in the V2 receptor and consequently, it was
reported that infants who had these mutations showed
clinical symptoms related with hyponatremia [39]. In
another study showed that I130N mutation in AVPR2
cause gain-of-function in the V2 receptor which is re-
sponsible of constitutive activity of cAMP production
[40]. They showed that tolvaptan blocked this basal
activity of cAMP production through its inverse ago-
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nist property and they proposed that tolvaptan could
be a treatment for hyponatremia in patients with
NSIAD who have I130N mutation in AVPR2 [40]. On
the other hand, many studies showed that loss-of-func-
tion mutations in AVPR2 are responsible of NDI. NDI
is characterized as an imbalance of body water home-
ostasis which is normally controlled by antidiuretic
hormone AVP via kidney [41]. Functional analysis
studies about these loss-of-function mutations in pa-
tients with NDI revealed that presence of a mutation
may show its effect on function at different levels. In-
stead, it can cause the mutant V2 receptor is retained
in the ER quality control mechanism. Therefore, even
if these mutant V2 receptors are functional, they can-
not escape from the ER and locate on plasma mem-
brane where they function [18, 38]. To correct this
trafficking problem and make mutant V2 receptors
functional again, PCs can be used because they are
nonpeptide and cell-permeable ligands that bind
specifically to the mutant receptor and stabilize recep-
tors conformation [42]. In this way, PCs help mutant
V2 receptors to be rescued and located where they are
functional again [38, 43, 44]. Tolvaptan is a kind of
PC that commonly used in these studies because its
rescue potential which was reported by many re-
searches has an importance on to develop new treat-
ment strategies for NDI [17-19]. The treatment
dosages of tolvaptan were mostly 1 uM or 10 uM at
these studies and they all reported that this low level
of tolvaptan usage (and also for a short time like 24 h,
etc.) was enough to rescue and make functional mutant
V2 receptor. They did not report any cytotoxic effect
of tolvaptan in cell culture studies [17-19]. In this
study, the maximum concentration of tolvaptan was
10 uM and it was seen just a slight decrease on cell
viability (Table 1). Therefore; it can be said that
tolvaptan is not cytotoxic for the cells when it is used
as a low dose-PC to rescue mutant V2 receptors. Be-
cause of this result, treatment of equimolar dose of Vi-
tamin C and NAC with tolvaptan did not show any
significant difference about cell viability than treated
with only tolvaptan, except the treatment of equimolar
dose of 10 M Vitamin C and tolvaptan (p = 0.0129)
(Table 2). If it was seen very low cell viability in the
group of treated with just tolvaptan, it could be said
that tolvaptan treatment might show its cytotoxic ef-
fects through the oxidative stress. Since the tolvaptan
is metabolized by the cytochrome P450 system, it

might be said that reactive oxygen species (ROS)
could be occurred and consequently oxidative stress
might show itself [10, 45, 46]. At these kinds of situ-
ations, antioxidants such as Vitamin C and NAC may
help to reduce oxidative stress in the cell. Vitamin C
and NAC may mediate their antioxidant roles via
scavenging ROS [45]. Thus, Vitamin C and NAC
could be used as antioxidants if it was found a signif-
icant cytotoxic effect of tolvaptan. However, there was
no cytotoxicity observed. Just at very low concentra-
tion (10 M) of tolvaptan and Vitamin C treatment to-
gether, it was seen a significant antioxidant effect of
Vitamin C compared to the only tolvaptan treated
group (p = 0.0129) (Table 2). Even if it was found a
significant difference between the group of treated
with tolvaptan only and the group of treated with
tolvaptan and Vitamin C together, according to the re-
sults, it was concluded that the usage of low concen-
tration of tolvaptan did not show any significant effect
on cytotoxicity. However, prevention of the cytotoxi-
city of high dosages of tolvaptan usage, which is
known through the clinical studies, using with antiox-
idants such as Vitamin C and NAC will shed light into
the future studies.

CONCLUSION

As a conclusion, tolvaptan is a very successful V2 re-
ceptor antagonist for treatment of the hyponatremia.
It also can be used as a PC to rescue of misfolded mu-
tant V2 receptor protein from ER to the plasma mem-
brane of the kidney where it shows its function.
Tolvaptan may show its cytotoxic effects when it is
used for the treatment of hyponatremia than its usage
of as a PC. Since low concentrations of tolvaptan for
a short time treatment is enough for its PC role, it may
not show any cytotoxic effect on the cells which is co-
herent with our results. In accordance with that, it was
seen in this study, the cytotoxic effects of higher con-
centrations of tolvaptan cannot be prevented by Vita-
min C and NAC. However, when tolvaptan was used
as low concentration as like a PC, we showed that cy-
totoxicity of the tolvaptan was significantly decreased
with using Vitamin C.
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ABSTRACT

Objectives: Hepatocaval ligament is localized on the posterior and lateral side of the retrohepatic Inferior Vena
Cava (IVC) , above the right adrenal vein. Bleeding due to retro-hepatic cava injury could sometimes occur
during the dissection and closure of hepatocaval ligament (HCL). We aim to determine closing methods of
HCL in terms of cost, ease of application and safety.

Methods: The study population included 90 recipient hepatectomy patients who had cadaveric and live-donor
liver transplantation at Organ Transplant Center of Acibadem Hospital between 2017 and 2019. The patients
were divided into two groups. The first group contained 40 patients who were closed with 25 mm EndoTA 30
stapler. The second group contained 50 patients who were closed by continuous double- layer suturing with
5/0 propylene.

Results: In the group closed by endovascular stapler, reinforcement suturing was performed in eight patients
(20%) using 5/0 propylene suture due to mild blood leakage in the closing line. In two patients (5%), on the
other hand, the staple device could not be used due to the fact that HCL was very close to the right hepatic
vein and the distance between the liver and the vena cava was short. There were no perioperative and
postoperative HCL-associated liver and vena cava bleeding complications in both groups. However, the cost
was significantly higher in the stapler group than in the suturing group.

Conclusions: The present study is the first to compare the stapler or suturing techniques for closing HCL in
the receiver hepatectomy of liver transplantation. The results indicated that the closure with suturing was at
least as useful and convenient in terms of cost, ease of application and safety.

Keywords: Liver transplantation, hepatocaval ligament, hepatectomy, suture, stapler

Major hepatic resection is more complicated due
to blood loss of high volumes and associated
mortality and morbidity. Although bleeding could
arise during liver transection and control of hilar ves-
sels, hepatic vein and retro-hepatic vena cava injuries
are the most common mortality cause of major intra-
operative bleeding. Bleeding due to retro-hepatic cava

injury could sometimes occur during the dissection
and closure of hepatocaval ligament (HCL). During
embryogenesis, inferior vena cava (IVC) is sur-
rounded by hepatic parenchyma. At the end of em-
bryogenesis, the parenchymal bridge connecting the
right and left liver behind the IVC starts to atrophy and
turns into a hepatocaval ligament [1, 2].
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Closure of hepatocaval ligament

In the 1950s, some liver surgeons were aware of
the existence and importance of HCL, describing it as
the posterior bed of the IVC , which allows control of
small retrohepatic veins. This is a structure that always
completely envelops Vena cava inferior and extends
to its posterior [3, 4]. This ligament, which covers the
retrohepatic IVC, makes it difficult to expose the he-
patic veins without cutting the hepatic parenchyma.
HCL is localized on the posterior and lateral side of
the retrohepatic IVC, above the right adrenal vein. It
partially or completely blocks the entry of right he-
patic vein (RHV) into IVC. Especially with the devel-
opment of liver surgery with total vascular exclusion
and microsurgical techniques, surgical interest in HCL
and its relationship with hepatic veins have increased
in recent years. In addition to its relationships with
IVC and RHYV, relationships of HCL with techniques
in liver surgery, especially with elective vascular ex-
clusion, during right hemi-liver and recipient hepate-
ctomy surgery have gained importance.

METHODS

This study was conducted retrospective and one center
study. The study population included consecutively 90
recipient hepatectomy patients who had cadaveric and
live-donor liver transplantation at Organ Transplant
Center of Bursa Acibadem Hospital between 2017 and

2019. Hepatocaval ligament (HCL) was dissected and
closed safely during the hepatectomy in these patients
(Fig. 1). Two different methods were used to close the
HCL larger than 10 mm width. The patients were di-
vided into two groups. The first group contained 40
patients who were closed with 25 mm EndoTA 30 sta-
pler (Group I). The second group contained 50 patients
who were closed by continuous double-layer suturing
with 5/0 propylene (Group II). We defined morbidity
and death which occurred within 90 days after surgery
as postoperative complications and mortality, respec-
tively. We also defined mild, moderate and severe es-
timated blood loss. Patient short-term outcomes
evaluated at 30 days postoperatively. Postoperative
complications were classified according to the Dindo-
Clavien classification [5]. The hospital reimbursement
is calculated considering all issues in a liver transplan-
tation settings as operating time, ITU (intensive ther-
apy unit) stay, hospital stay, etc. as fixed fee policy our
hospital. Safety and applicability, cost, perioperative
and postoperative estimated blood loss on the closed
line were evaluated among the groups.

The study was approved by the Actbadem Univer-
sity Ethical Review Board. For the present study. No
informed consent was required.

Statistical Analysis
Mean, standart deviation, median, minimum, max-
imum value frequency and percentage were used for

Fig. 1. Right lateral view to the liver during the dissection of the HCL, IVC and the RHV.
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Tablo 1. Demographic and clinical characteristics of recipients at transplantation

n (%) Median (min-max) Mean + SD
Age (years) 57.0 (41.0-69.0) 56.9+73
Gender
Female 26 (26.0)
Male 64 (64.0)
Primary disease
Budd-Chiari 3(3.0)
Alcohol-related 13 (13.0)
HBV 33 (33.0)
HCC 9(9.0)
HCV 12 (9.0)
Kriptogenic 15 (15.0)
NASH 4 (4.0)
PBS 1(1.0)
Procedure time (s)
Hepatectomy time (min)
MELD score
LT 58.0 (45.0-70.0) 577+7.3
DDLT 21 (21.0) 240.0 (190.0-300.0) 239.9+26.0
LDLT 69 (69.0) 22.0 (12.0-28.0) 21.7+3.8
Perioperative blood loss
) 82 (82.0)
+) 8 (8.0)
Postoperative blood loss
) 0(0.0)
O] 100 (100.0)
Clavien-Dindo (grade)
I 50 (50.0)
I 33 (33.0)
1A 4 (4.0)
1B 3(3.0)
Mortality
) 88 (88.0)
(+) 2(2.0)
Cost ($) 2.0 (2.0-152.0) 68.0 +74.2

HBYV = Hepatit B Virus, HCC = Hepatocelluler carcinoma, HCV = Hepatit C viriis, NASH = Nonalcoholic Steatohepatitis,
PBS = Primary biliary sclerosis, LT = Liver transplantation, DDLT = Deceased donor liver transplantation, LDLT = Living
donor liver transplantation, Cost = Cost of surgery. Postoperative blood loss was determined as a complication including

clavien-dindo grade IITA and IIIb
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descriptive statistics. The distribution of variables was
checked with kolmogorov-simirnov test. Independent
Samples t test and Mann - Whitney U test were used
for the comparison of quantitative data. Chi-square
test was used for the comparison of the comparison of
qualitative data. SPSS 27.0 was used for statistical
analyses.

RESULTS

Sixty-four percent of the hepatectomy patients were
male and 26% were female. Median age was 57 years
(range: 41-69 years). All patients underwent total he-
patectomy shows the baseline characteristics of the 40
Group I and 50 Group Il recipients. No significant dif-
ferences existed between the groups in terms of recip-
ient age, gender, model for end-stage liver disease
(MELD) score and underlying cause of cirrhosis
(Table 1).

Postoperative morbidity and mortality were simi-
lar in both groups. Operation time was significantly
higher in the Group II than in the Group 1. But hepa-
tectomy time was similar in both groups. The LDLT
rate in Group II was significantly higher than the
DLDT rate Group I. In the group closed by endovas-
cular stapler, reinforcement suturing was performed in
eight patients (20%) using 5/0 propylene suture due to
mild blood leakage (1-5 mL) in the closing line. In two
patients (5%), on the other hand, the staple device
could not be used due to the fact that HCL was very
close to the right hepatic vein and the distance between
the liver and the vena cava was short. Two of patients
died from sepsis within one month. There were no pe-
rioperative and postoperative HCL-associated liver
and vena cava moderate and severe bleeding compli-
cations in both groups. However, the cost was signif-
icantly higher in the stapler group than in the suturing
group (Table 2).

DISCUSSION

Detailed anatomical knowledge of HCL and its rela-
tionship with IVC and hepatic veins is important in
split liver and live donor transplantations as well as in
hepatic resections. The safe dissection and closure of
HCL relieves elective vascular control while maintain-

ing the IVC flow. Makuuchi et al. [6] reported for the
first time that RHV control was possible in 89% of
cases whose HCL ligament was resected during the
right hepatic resection. HCL could not be resected
only in 34% of cases. During the right hepatectomy
with elective vascular control, it was anatomically
possible in 85% of cases HCL should be dissected in
85/77% of livers with HCL. This was challenging or
impossible in 15% of cases [7]. The presence of HCL
is also important during the liver bi- or tri-partitioning
and in control and pediculation of hepatic veins in split
liver transplantations and live donor transplantations.
The dissection and ligation of HCL exposes the retro-
hepatic part of IVC and the terminal parts and en-
trances of the main hepatic veins. One study found
HCL in livers of 33 patients out of 43 (77%), but it
was not observed in 20% of the cases. Only 3% of the
cases had parenchymatous bridge in IVC posterior.
HCL was different in all cases. The average length
was 22 + 10 mm (range: 12-35 mm), while the average
width was 8 = 5 mm (range: 3-18 mm), and its thick-
ness was approximately 0.5-2 mm. In two cases (5%),
it contained small retrohepatic veins larger than 1 mm
in diameter [7]. At the same time, reports from Gadzi-
jev et al. [8] that HCL was of hepatic origin and that
bile ducts were found in the ligament were supported
by the similar studies of Mackenzie ef al. [9]. Rosset
et al. [10] showed that in 25% of cases hepatocytes
were present in HCL. In order to prevent an unex-
pected bleeding in an associated caudate vein, which
exists in 69% of the cases, control of the ligament with
clips or suture ligation is necessary [9]. However, dur-
ing the closure of the large HCL without ligament,
there could be uncontrollable bleeding if they are dis-
located or do not overlap. This could be important in
terms of cutting and closing the HCL near the retro-
hepatic cava during the cancer surgery. Details of both
methods were clearly stated in our surgical records.
Therefore it is not difficult to compare the surgical
outcome in using between endostapler and suturing
because of the different background in the retrospec-
tive study. With the combination of advances in intra-
and post-operative methods including surgical tech-
nique, the use of microsurgery and vascular closure
instruments as well as advances in blood transfusion,
liver surgery has been a safer and more effective pro-
cedure. The average blood loss was reported to be 848
+ 972 mL (range: 40 to 9000 mL) in a review which

464

The European Research Journal « Volume 9 «Issue 3 «May 2023



Eur Res J 2023;9(3):461-467

Bati1 and Tiiysiiz

Tablo 2. Operative outcomes of the matched Group I and Group II

Group I Group II p value
Mean + SD/ n median Mean + SD/ n median
(o) (7o)
Age (years) 56.5+7.2 56.0 573+74 57.5 0.636'
Gender 0.499*
Female 13 (32.5) 13 (21.7)
Male 27 (67.5) 37 (61.7)
Procedure time (s) 52.5+4.6 54.0 61.8+5.0 62.5 0.000"
Hepatectomy time (min) 243.77+27.8 244.0 236.9 +£24.4 237.5 0.290™
MELD Score 22.6+3.6 24.0 21.0+3.8 20.0 0.041™
LT 0.019"
DDLT 14 (35.0)) 711.7)
LDLT 26 (65.0) 43 (71.7)
Perioperative Blood Loss 0.001*
) 32 (80.0) 50 (83.3)
(+) 8(20.0) 0 (0.0)
Postoperative Blood Loss 1.000*
(+) 0(0.0) 0(0.0)
) 40 (60.0) 60 (100)
Clavien-Dindo (Grade) 0.568*
I 23 (57.5) 27 (45.0)
II 14 (35.0) 19 (31.7)
1A 2 (5.0) 2(3.3)
111B 1(2.5) 2(3.3)
Mortality 1.000*
) 39 97.5% 49 81.7%
(+) 1 2.5% 1 1.7%
Cost (3) 150.4+0.8 150 2.0+0.0 2.0 0.000™

LT = Liver transplantation, DDLT = Deceased donor liver transplantation, LDLT = Living donor liver transplantation, Cost

= Cost of surgery. Perioperative blood loss determined.
't test /™ Mann-whitney u test/* Chi-square test

included major liver resections performed at Memorial
Sloan-Kettering cancer center between 1991 and 1997.
More than 13% of the patients had blood loss of more
than a quarter of their estimated blood volumes during
surgery [10]. Even in a more contemporary major he-
patectomy series, an average blood loss of 700 mL
(range: 400-1050 mL) was observed [11]. It was re-
ported that 30-47% of patients received allogenic

blood components during major hepatectomy or
within the first 24 hours [11, 12]. This is not a benign
intervention. What's more, the immunomodulatory ef-
fect of blood transfusion can lead to increased infec-
tion predisposition and a decrease in cancer-free
disease survival [13, 14]. Since all of the patients in
the present study had cirrhosis and had different
amounts of acid, there were different degrees of adhe-
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sion between the liver and the diaphragm and the
retrohepatic cava. Moreover, in those who are sub-
jected to the receiver hepatectomy due to Budd-Chiari
syndrome, fibrous thickening could also be observed
in vena cava around HCL. In this case, the dissection,
closure and cutting of HCL, an important step in the
mobilization of the liver to reach hepatic veins, can
often be difficult. In cases where HCL is wide and
short, the increased risk of massive retrohepatic hem-
orrhage makes it imperative to perform this dissection
and subsequent cutting and closing more carefully and
meticulously. We carried out extensive hepatic mobi-
lization through exposing the major hepatic veins be-
fore we engaged in the major hepatic resection. This
procedure facilitates the control of veins in challeng-
ing cases with intraoperative bleeding and provides
the necessary exposure in major hepatic resection and
receiver hepatectomy. On the other hand, in order to
ensure a sufficient tumor cleaning with an adequate
bleeding control in tumors of central location which
is close to inferior vena cava (IVC) and hepatic vein
confluence, the dissection and safe closure of HCL
with subsequent hepatic vein control and isolation is
especially critical. In addition to the right hepatic vein,
the complete exposure of the retrohepatic vena cava
necessitates the splitting of vena cava ligament, which
generally contains fibrous tissue but could also include
liver tissue, bile ducts and small hepatic veins and
which is adjacent to the right hepatic vein [7]. In ad-
dition, due to its connection with VCI, its dissection
could lead to injury and breakage in VCI. Therefore,
we chose to close especially the HCLs larger than 10
mm. Ramacciato et al. [15] proposed the use of vas-
cular endostapler for controlling the inferior diaphrag-
matic vein of considerable size right adjacent to the
ligament. In another study, Dudeja and Jarnagin [16]
reported that they closed HCL successfully with en-
dovascular stapler. In the present study, HCL was
closed with a vascular endostapler during the receiver
hepatectomy of 30 patients with underlying chronic
liver disease. In eight of these patients (20%), slight
blood leakage was observed on the closing line, and
consequently reinforcement suturing was performed
for these leaks. However, the use of endostapler was
not technically possible in two patients (5%) because
the HCL was short, wide or very close to the right he-
patic vein. The duration of operation was extended due
to additional suturing in eight patients. Dudeja and Jar-

nagin [16] reported that they mostly achieved success-
ful closing of HCL with endovascular stapler. How-
ever, none of the patients who were closed with
suturing technique had any leaks that would require
additional control. Besides, the cost was significantly
higher in the group closed with stapler. There were no
bleeding or bleeding-associated complications during
surgery or in the postoperative early periods in any
groups. In the endovascular stapler group, the proce-
dure time was slightly, though not significantly, longer
in eight patients (20%) who needed additional sutur-
ing.

Stapler could not be used in two patients due to
the anatomical and technical difficulties. In terms of
cost- benefit balance, the closure with suturing was
more advantageous. This method can be used as a
more viable, effective and safe method for the closure
of the HCLs wider than 1 cm during liver transplanta-
tion with live donors in which the receiver hepatec-
tomy is performed as open surgery, during right
hepatectomy and during tumor-related major hepate-
ctomies. The mild perioperative bleeding seen in the
stapler closure group is due to the stapler not firmly
attaching to the area between the vena cava and the
HCL, as the HCL was thin and short.

Limitations

Our study had limitations because it was single-
centered and retrospective. The study included patients
receiving hepatectomy. The division of the major he-
patic veins and the HCL using devices such as
‘ENDO-PATH Stapler Echelon white cartridge’ has
currently become the standart and routine surgical pro-
cedure at least in japan during not only laparascopic
but also open surgical hepatectomy. Therewithal, the
vast majority of north American Centers use a laparas-
copic stapler (EndoGIA 30mm for example) given its
ease of use and slim profile. Although the present
study had homogeneity, more prospective studies
should be performed in patients with the right liver
surgery with normal liver structure.

CONCLUSION

Safe and effective control of intraoperative bleeding
and blood loss has been the challenging side of liver
surgery. Numerous techniques have been developed to
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minimize the bleeding. HCL is a common anatomical
structure. Dissection of the HCL exposes the terminal
extrahepatic part of RHV, and provides elective vascu-
lar control during the receiver hepatectomy surgery in
the right hemi-liver and liver transplantation. In some
cases where HCLs greater than 1 cm are not closed,
retrohepatic hemorrhages that are difficult to control
could develop. The present study is the first to com-
pare the stapler or suturing techniques for closing HCL
in the receiver hepatectomy of liver transplantation.
The results indicated that the closure with suturing was
at least as useful and convenient in terms of cost, ease
of application and safety.
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Are body mass index and the systemic immune-
inflammation index risk factors for carpal tunnel
syndrome?
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ABSTRACT

Objectives: Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy of the upper extremity
that affects activities of daily living. In our study, we aimed to reveal the relationship between CTS and BMI,
and to evaluate symptom severity and functionality in these patients by using the Boston CTS questionnaire.

Methods: In this study, 300 patients with CTS and 100 healthy individuals without CTS whose EMG was
performed in our neurology clinic electrophysiology laboratory between June 2021 and December 2021, were
included. BMI, SII index, and Boston CTS questionnaire findings were compared between patients diagnosed
as having mild, moderate, and severe CTS (according to electrophysiologic evaluations) and a control group
consisting of healthy individuals.

Results: In our study, a statistically significant difference was observed between the CTS and control groups
in terms of mean age (p < 0.001). When the increased BMI and SII parameters were compared, a statistically
significant difference was observed between the control and CTS groups (p <0.001 for both). In the multivariate
logistic regression analysis, it was observed that the risk of CTS increased 1.566 times as BMI increased, and
the risk of CTS increased 1.005 times as the SII index increased (p < 0.001 for both).

Conclusions: We observed that increased BMI and advanced age were risk factors for CTS. In our study, in
which the relationship between the SII index and CTS was evaluated for the first time, according to our findings,
inflammation was thought to play a role in the pathophysiology of CTS.

Keywords: Carpal tunnel syndrome, body mass index, nerve conduction study, inflammation, systemic
immune-inflammation index

arpal tunnel syndrome (CTS) is the most com-

mon entrapment neuropathy of the upper extrem-
ity, which causes functional disability in clinical
practice and affects daily life activities [1]. It presents
with localized paresthesia in the hands, especially in
the palms and 1st-3rd fingers, and increasing pain at
night, which develops as a result of compression of

the median nerve at the wrist level. It has been re-
ported to be more common in females and the 3rd and
5" decades [2]. Apart from this, advanced age, preg-
nancy, connective tissue diseases, hypothyroidism, di-
abetes mellitus, occupational diseases are other
common predisposing factors [2]. In the electrophys-
iology laboratory, the diagnosis of CTS is made

+ .+

-

Vh
o
£

Received: May 29, 2022; Accepted: December 19, 2022; Published Online: January 17, 2023

How to cite this article: Karacan Golen M, Yilmaz Okuyan D. Are body mass index and the systemic immune-inflammation index risk factors for carpal
tunnel syndrome? Eur Res J 2023;9(3):468-476. DOI: 10.18621/eurj. 1120577

cIssN:2149319 - 4 ddress for correspondence: Meltem Karacan Golen, MD., Konya State Hospital, Department of Neurology, Hospital Street, 42060 Sel¢uklu, Konya,
Turkey. E-mail: drmeltemkaracan@hotmail.com, Phone: +90 332 235 45 00

“Copyright © 2023 by Prusa Medical Publishing
Available at http://dergipark.org.tr/eurj
info@prusamp.com

The European Research Journal « Volume 9 « Issue 3 < May 2023

468


http://orcid.org/0000-0003-0996-7739
http://orcid.org/0000-0002-2422-9470
http://dergipark.org.tr/eurj

Eur Res J 2023;9(3):468-476

Carpal tunnel syndrome risk factors

through motor and sensory nerve conduction studies
of the median nerve. The motor and sensory conduc-
tion velocities of the median nerve and motor distal
latency are evaluated, and severity classification is
made according to the level of symptoms [3, 4].

Considering the predisposing factors, it is obvious
that multifactorial processes are dominant in the
etiopathogenesis of CTS. Although the underlying
mechanisms are not fully understood, it is thought that
the common result of all these processes is compres-
sion in the channel where the median nerve travels and
an increase in pressure secondary to the increase in fat
tissue in individuals with obesity. Axonal damage to
the median nerve develops as a result of compression
of the median nerve in the carpal tunnel, and ischemia
in the median nerve develops as a result of damage to
the vascular structures in the perineum. Repetitive
compression leads to tenosynovial thickening, the
pressure becomes continuous, and the median nerve
is pressed in the canal [5]. Studies in the literature on
whether inflammation affects these processes are lim-
ited. We aimed to reveal the relationship between the
systemic immune-inflammation index (SII), which
was shown as an inflammation marker in various dis-
eases recently, and the severity of CTS [6, 7]. We be-
lieve our study is the first to investigate this
relationship because we have not come across a simi-
lar study in the literature. It is known that individuals
with obesity are prone to CTS, and it has been shown
in various studies that there is a relationship between
an increase in body mass index (BMI) and the devel-
opment of CTS [1, 8]. It has been reported that the de-
velopment of CTS in individuals with obesity may be
associated with an increase in adipose tissue or an in-
crease in hydrostatic pressure in the canal where the
median nerve travels [9].

In our study, we aimed to reveal the relationship
between CTS and BMI and the SII in patients with
CTS detected in our electrophysiology laboratory and
evaluate severity and functionality in these patients
using the Boston CTS questionnaire.

METHODS

In this study, 300 patients with CTS and 100 healthy
individuals without CTS who were evaluated in our
electrophysiology laboratory between June 2021 and

December 2021 were included. The nerve conduction
studies and clinical diagnostic findings of the patients
with clinical and electrophysiologic diagnoses of CTS
and a control group were recorded. The study was ap-
proved by the local ethics committee (2021/025). In-
formed consent forms were obtained from the patients
with CTS and the control group.

Electrophysiologic examinations of the patients
were performed using a Nihon Kohden Corp. device
by the same person, in the same place. Standardization
was achieved by paying attention to the body temper-
ature and room temperature of the patients.

Median nerve motor and sensory conduction stud-
ies were performed on patients who were admitted to
the electromyography (EMG) laboratory with entrap-
ment neuropathy. In addition, ulnar nerve motor and
sensory conduction studies and concentric needle
EMG were included in the study to exclude polyneu-
ropathy and radiculopathy.

In the median nerve motor nerve conduction study,
the superficial electrodes and the recording electrode
were placed on the abductor pollicis brevis (APB)
muscle, and then the recording was made by stimulat-
ing the median nerve 5 cm proximal to the active elec-
trode on the wrist, along the fold between the hyper-
and hypothenar muscles in the middle of the wrist, and
by stimulating the median nerve in the elbow bend
near the brachial artery pulse, as the second stimula-
tion point. Motor distal latency, motor conduction ve-
locity, and compound muscle action potential (CMAP)
were recorded. Distal latency > 3.98 ms, CMAP < 4
mV, or conduction velocity <49.7 m/s was considered
abnormal. The ulnar nerve was stimulated 5 cm prox-
imal to the recording electrode and 4 cm distal to the
elbow for motor conduction. It was considered abnor-
mal if the ulnar nerve distal latency was above 3.3 ms,
its velocity was below 49.9 m/s, or the CMAP ampli-
tude was below 7.0 mV.

For the sensory nerve conduction study of the me-
dian nerve, recordings were made on 1%, 2", and 3"
fingers after stimulating from the wrist, palm-wrist
segment, and wrist-elbow segment, respectively. For
the sensory nerve conduction study of the ulnar nerve,
a recording was made on the 5" finger. According to
the normal levels of our laboratory, the velocity of the
sensory potential obtained from the negative peak is
considered abnormal if it is < 32.92 m/s for the 1st fin-
ger, < 39.4 m/s for the 2nd finger, < 39.65 m/s for the
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3rd finger, < 35.2 m/s for palm-wrist, < 49.0 m/s for
wrist-elbow, and < 37.3 m/s for 5th finger [10].

For the diagnosis of CTS; median motor nerve dis-
tal latency (mMDL), median motor nerve conduction
velocity (mMNCV), median nerve motor compound
muscle action potential (mCMAP), second finger me-
dian sensory nerve conduction velocity (mSNCV),
median sensory nerve distal latency (mSDL), median
sensory nerve action potential amplitude (mSNAP),
ulnar motor nerve distal latency (uMDL), ulnar motor
nerve conduction velocity (uUMNCV), ulnar motor
nerve compound muscle action potential (uUCMAP),
fifth finger median sensory nerve conduction velocity
(uSNCV), ulnar sensory nerve distal latency (uSDL),
and ulnar sensory nerve action potential amplitude
(uSNAP) were evaluated and recorded.

Using concentric needle electrodes, needle EMG
was usually applied to the abductor pollicis brevis
muscle and if necessary, according to the findings, it
was applied to the pronotor teres and flexor pollicis
longus muscles, which were more proximal muscles.
When necessary, needle EMG was performed on ab-
ductor digiti minimi and extensor indicis proprius
muscles to exclude radiculopathy from polyneuropa-
thy [4].

Bandpass filters were set at 20-20,000 Hz for
motor nerve conductions, 20-2000 Hz for sensory
nerve conductions, and 10-10,000 Hz for needle EMG.
Body temperature was measured and corrected to
31°C according to the conversion table; 1 m/s was
added to motor and sensory nerve conduction veloci-
ties in participants aged over 60 years.

Participants included in the study were grouped
according to their electrophysiologic findings as mild
CTS, moderate CTS, severe CTS, and the control
group. Both hands were studied in all participants and
patients were classified electrophysiologically accord-
ing to the following criteria. Mild CTS: Decreased
sensory conduction velocity and amplitude in the me-
dian nerve finger-wrist segment and palm-wrist seg-
ment. Moderate CTS: Prolongation of the distal
latency of the median motor nerve (> 4.0 msec) and
decrease in the median nerve sensory conduction ve-
locity and amplitude. Severe CTS: Failure to obtain
uCMAP, decreased median motor nerve amplitude,
prolongation of the distal latency of the median motor
nerve, or failure to obtain mCMAP [11].

Patients with hereditary polyneuropathy, diabetic

polyneuropathy, cervical radiculopathy, brachial plex-
opathy, malignancy, traumatic nerve damage, connec-
tive tissue disease, rheumatological disease, hereditary
neuropathy with liability to pressure palsy (HNPP),
chronic renal failure, and patients in the infectious
process were not included. Chronic diseases of the pa-
tients were recorded.

Among the laboratory markers, white blood cell
(WBC), neutrophil, lymphocyte, and platelet counts
were recorded. NLR = neutrophil count / lymphocyte
count and SII = neutrophil count x platelet count /
lymphocyte count were calculated.

Height (cm) and weight (kg) measurements of the
patients were made. BMI was calculated using the for-
mula weight / height2 (kg/m?). Patients with BMI <
25 kg/m? were considered normal-weight, patients
with BMI 25-30 kg/m? were considered overweight,
patients with BMI 30-35 kg/m? were considered as
having class 1 obesity, and patients with BMI > 35
kg/m? were considered as having class 2 obesity [12].

The Boston Carpal Tunnel Syndrome Question-
naire (BCTQ), consisting of two parts, was completed
independently by the patients to evaluate their func-
tional limitation and symptom severity. The symptom
severity scale consists of 11 multiple-choice questions
and the functional status scale consists of eight ques-
tions. Responses are scored from 1 (mildest) to 5
points [13]. The validity and reliability studies of the
Turkish adaptation of BCTQ were carried out. [14].

Statistical Analysis

Data were analyzed using the IBM SPSS V23
software package. Conformity to normal distribution
was evaluated using the Kolmogorov-Smirnov test.
The Chi-square test and Fisher's exact test were used
to compare categorical variables between the groups.
The Mann-Whitney U test was used to compare data
that were not normally distributed between two
groups. The Kruskal-Wallis test was used to compare
data that were not normally distributed between three
or more groups, and multiple comparisons were ana-
lyzed using the Dunn test. Binary logistic regression
analysis was used to examine the risk factors affecting
the formation of CTS. Quantitative data results are
given as mean + standard deviation and median (min-
imum-maximum). Categorical data results are given
as frequency (percentage). The significance level was
accepted as p < 0.050.
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RESULTS

Our study included 300 patients with CTS who were
diagnosed in our electrophysiology laboratory, and
100 healthy controls. One hundred eighty patients
were not included in the study due to exclusion crite-
ria. Patients diagnosed as having CTS were divided
into three groups according to their electrophysiologic
classification as mild, moderate, and severe CTS.

In Table 1, the demographic characteristics of the
groups are shown. There was no statistically signifi-
cant difference between the mild, moderate, severe
CTS groups and the control group in terms of sex dis-
tribution (p > 0.050).

Considering the age distribution between the
groups, the mean age of the control group was 42.0 +
15.0 years, and the mean age of the CTS group was
51.0 + 14.4 years; there was a statistically significant
difference between the groups in terms of mean age
(» <0.001).

Considering weight distribution, it was observed
that there was a statistically significant difference in
terms of the median weight values between the control
group and CTS groups (p <0.001). In addition, a sta-
tistically significant difference was observed in terms
of BMI between the control group and CTS groups (p
< 0.001). There was no statistically significant differ-
ence between the groups in terms of chronic diseases
(Table 1).

When the laboratory parameters were examined,
a statistically significant difference was observed be-
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tween the groups in terms of the median counts of
lymphocytes and platelets (p < 0.001 for both). When
the median SII index values were compared, the me-
dian SII index in the control group, mild CTS group,
moderate CTS group, and severe CTS group was
469.5 £ 167, 747.1 +329.5, 824.1 £ 810.4, and 774.0
+ 2754, respectively. A statistically significant differ-
ence was found between the groups (p < 0.001). No
statistically significant difference was found in terms
of the distributions of monocytes and neutrophils be-
tween the groups (p > 0.050) (Table 1, Fig. 1).

The BCTQ, consisting of two parts, was adminis-
tered to patients diagnosed as having CTS. Accord-
ingly, a statistically significant difference was found
in terms of the median values of the Boston Symptom
Severity Scale and Boston Functional Status Scale be-
tween the CTS groups (p <0.001 for both) (Table 2).

Risk factors affecting CTS were analyzed using
binary logistic regression analysis as univariate and
multivariate models. Considering the multivariate lo-
gistic regression analysis, CTS risk increased 1.566
times (p < 0.001) as BMI increased, and CTS risk in-
creased 1.005 times as Sl increased (p <0.001) (Table
3).

DISCUSSION

In our study, we evaluated whether BMI and the SII
index, which was recently associated with an inflam-
matory process, was associated with CTS.

MODERATE SEVERE

Fig. 1. Box plot of SII values.
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Table 2. Comparison of Boston Symptom Severity Scale and Boston Functional Status Scale parameters

between the groups

Test
statistics

p value

Moderate Severe Total

Mild

Boston Symptom
Severity Scale

23.9+32 39.2+79 262 +11.1 131.628 < 0.001

15634

37.5 (30.0 — 55.0°  23.0 (11.0 — 55.0)

23.0 (20.0 — 30.0)°

16.0 (11.0 — 20.0)*

Boston Functional
Status Scale

131.569 <0.001

18.7+9.9

30.2+5.1

183+2.8

76+14

18.0 (5.0 — 40.0)

29.0 (23.0 — 40.0)°

18.0 (15.0 —25.0)°
Data are given as mean =+ standard deviation or median (mininimum — maximum) or n (%). Kruskal-Wallis test, * No difference between

groups with the same letter,

8.0 (5.0 — 10.0)*

In our study, it was found that the mean age of patients
with CTS was statistically significantly higher than the
control group. The increased risk with age might be
associated with prolonged exposure to repetitive phys-
ical movements that strained the wrist. In addition,
axon loss and vascular abnormalities that develop in
nerves with age may explain the relationship between
age and CTS [15-16]. Becker et al. [17] evaluated 791
patients with CTS and emphasized that female sex,
BMI > 30, age 41-60 years, and DM were independent
risk factors for CTS.

It has been suggested that the hydrostatic pressure,
which occurs as a result of the increase in the adipose
tissue around the median nerve in individuals with
obesity with increased BMI, causes a slowdown in the
median nerve sensory conduction. In our study, when
we compared the mild, moderate, and severe CTS
groups with the control group in terms of BMI, we ob-
served a statistically significant relationship between
increased BMI and CTS. In the epidemiologic study
conducted by Vessey et al. 18], a significant relation-
ship was observed between BMI and CTS, similar to
our study. In other study, in which the relationship be-
tween CTS and obesity was discussed from a different
perspective, the relationship between abdominal obe-
sity and CTS was investigated by measuring waist cir-
cumference-waist-hip ratio, and it was suggested that
abdominal obesity might be a risk factor for CTS [19].

In another study, it was reported that there was an
increase in the risk of CTS in addition to the increases
in the risk of development of cardiovascular disease
and type 2 DM in patients with obesity with metabolic
syndrome [20]. Besides BMI being a risk factor for
CTS, no relationship was found between the increase
in BMI and the severity of CTS [9]. In the study of
Kouyoumdjian et al. in which 210 patients with symp-
tomatic CTS and 320 controls were compared, it was
reported that there was a significant relationship be-
tween CTS and BMI, and CTS-wrist index. They also
reported that although age and wrist index were asso-
ciated with the severity of CTS, BMI was not associ-
ated with the CTS severity [21]. When the multivariate
model analysis results of our study were examined, we
observed that each 1 unit increase in BMI increased
the risk of CTS by 1.566 times (p < 0.001). In other
words, according to the results of our study, it can be
concluded that the risk of developing CTS increases
as BMI increases.

473



Eur Res J 2023;9(3):468-476

Karacan Golen and Y1lmaz Okuyan

Table 3. Examination of risk factors affecting the disease

Univariate Multivariate (enter)’ Multivariate (wald)’
OR (95 % CI) p value OR (95 % CI) p value OR(95% CI) p value
Gender 1.161 2.210
(male) (0.540-2.495) 0.702 (0.733-6.664) 0.159
0.375 1.765
Ht (0.148-0.947) 0.038 (0.367-8.495) 0.478
0.497 0.741
Dm (0.206-1.200) 0.120 (0.188-2.930) 0.670
1.066 1.034 1.037
Age (1.038-1.095) <0.001 (0.995-1.074) 0.085 (1.001-1.074) 0.046
1.849 1.611 1.566
BMI (1.509-2.265) <0.001 (1.307-1.985) <0.001 (1.285-1.907) <0.001
1.006 1.005 1.005
SII (1.004-1.008) <0.001 (1.002-1.008) <0.001 (1.002-1.008) <0.001

BMI = Body mass index, HT = Hypertension, DM = Diabetes mellitus, SII = Systemic immune inflammation index.
Cox&Snell R?= 0,3419; Nagelkerke R?= 0,621; Hosmer and Lemeshow Chi Square = 8,304, Accuracy= 0,850!, Cox&Snell
R?=0,412; Nagelkerke R?>= 0,610; Hosmer and Lemeshow Chi Square = 7.926, Accuracy = 0,850

Investigations on the pathophysiologic mecha-
nisms that cause compression and traction of the me-
dian nerve are still ongoing, and studies aimed at
investigating the role of chronic inflammation and elu-
cidating the pathophysiology attract attention [22]. It
is known that fibrosis develops as a result of compres-
sion in the canal where the median nerve is located.
The release of interleukins (IL-1, IL-2, and IL-6) in-
creases with the increase in pressure caused by the ef-
fect of compression. Increased interleukins trigger the
formation of fibrosis by increasing the release of
growth factors such as vascular endothelial growth
factor (VEGF) and transforming growth factor-beta
(TGF-B). Subclinical systemic inflammation may also
play arole in the development of fibrosis by triggering
the release of cytokines and growth factors [23]. The
SII index is a marker that has been shown to be asso-
ciated with inflammation in many studies in different
disease groups. Because we could not find a similar
study evaluating its relationship with CTS in the liter-
ature, we believe ours is the first on this subject. In our
study, when the patients with CTS were compared
with the control group, we observed that there was a
statistically significant relationship between the SII
index and the development of CTS, and the risk of
CTS increased 1.005 times as the SII index increased

(» <0.001).

In the study of Tepe et al. [24], C-reactive protein
(CRP) and CRP/albumin ratios were evaluated in 50
controls and 50 patients with CTS, and no statistically
significant difference supporting inflammation was
detected, but it was suggested that re-evaluation of this
hypothesis by increasing the number of patients with
acute CTS might lead to decide anti-inflammatory
treatment options in the treatment [24]. To investigate
the contribution of the SII index to inflammation, its
relationship with many different disease groups such
as solid tumors, colorectal cancers, cerebrovascular
diseases, and sinus vein thrombosis was evaluated, and
it was emphasized that the SII index was a predictor
of inflammation as a common result of the studies [25,
26]. In a study comparing inflammation markers in pa-
tients undergoing dialysis with and without CTS, it
was shown that IL-1, tumor necrosis factor-alpha
(TNF-a), and IL-6 levels were significant in patients
with CTS and that inflammation had an effect on the
process [27].

In a different study investigating the relationship
of inflammation with CTS, 407 patients with CTS
were compared with 206 controls. The correlation be-
tween CTS and NLR and PLR was evaluated. As a re-
sult of the study, it was reported that a 1 unit increase
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in NLR level increased the risk of CTS by 1.7 times,
and accordingly it was shown that the NLR level in-
creased in severe CTS. In addition, it was suggested
that subclinical systemic inflammation might cause
CTS by increasing cytokines and growth factors and
by causing fibrosis [28]. The contribution of inflam-
mation in the pathophysiologic process of CTS has
been demonstrated in many studies, but this evidence
should be supported by studies with large case series.

When we compared the Boston symptom severity
scale and functional status scale, a statistically signif-
icant difference was observed between the CTS groups
(p <0.001). This made us think that as the severity of
compression increased in patients with CTS, the func-
tionality of the patients might decrease and their qual-
ity of life might be adversely affected.

Studies have reported that there is a correlation be-
tween the increase in compression severity and the
Boston functional score and that this relationship be-
comes stronger, especially in patients in whom dete-
rioration in motor functions is evident. It has been
suggested that the use of the Boston functional status
scale in CTS would reflect the level of compression
severity more effectively than grip strength in terms
of assessing hand functions [29, 30].

Limitations

Our study had some limitations such as the limited
number of patients, the inability to follow up for a long
time, and the fact that the patients were not re-evalu-
ated after the treatment.

CONCLUSION

In conclusion, we found a significant relationship be-
tween age, increased BMI, and the SII index and CTS
in our study. In light of previous studies and the infor-
mation obtained in our study, it was thought that ad-
vanced age and increased BMI were risk factors in
CTS. According to the results of our study, in which
the relationship between the SII index and CTS was
evaluated for the first time, inflammation may play a
role in the pathophysiology of CTS, and this suggests
that systemic anti-inflammatory drugs could be bene-
ficial in the treatment. However, to confirm the role of
systemic inflammation in CTS, this hypothesis should
be supported by multicenter randomized controlled

prospective studies with a large number of patients.
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ABSTRACT

Objectives: Ovarian carcinomas are responsible for the death of more women than all other gynecologic
malignancies in the Western world. Ovarian carcinomas are detected in an advanced stage of the disease in
approximately 80% of the patients. Glutathione S-transferases (GSTs) are an important family involved in the
detoxification of several xenobiotics. Thus, this mechanism protects tissues from the harmful effects of
oxidative stress and chemical-induced damages. The expression of them may contribute to the characteristics
of ovarian carcinoma as they can metabolise both exogenous and endogenous compounds, which are implicated
in the development of ovarian cancer. Therefore, our aim was to determine the expressions of GST Mu 1
(GSTM1), GST Pi 1 (GSTP1), and also p53, which is a tumor suppressor gene, in benign and malign ovarian
tumors and metastasis tissues.

Methods: A total of the 99 patients with ovarian tumor enrolled in the study. Thirty-one of the tissues was
benign tumor, 17 was malign tumor and 51 was metastasis. The immunohistochemical GSTM1, GSTP1, and
p53 staining characteristics of these tissues were investigated.

Results: The highest GSTM1, GSTP1, and p53 expression was noted in the malignant group followed by the
metastasis group. GSTP1 expression was significantly higher in malignant tissues than benign ones (p = 0.015).
No statistically significant difference was observed in the level of GSTMI expression between groups (p =
0.524). p53 expression was significantly higher in the metastasis and malignant tissues than the benign ones
(p <0.001).

Conclusions: The higher expressions of GSTP1 and p53 in malignant and metastasis tissues than benign ones
indicate that these expressions could be important biomarkers in ovarian cancer development and progression.
Further studies with more cases are required to confirm the results of our present study.
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GST and p53 protein expressions in ovarian cancer

Ovarian cancer is a type of cancer that starts in the
ovaries and generally spreads through out the
body [1]. It is a heterogeneous disease with a low sur-
vival rate and rapid spread, and is the most important
cause of death from gynecological cancer [2]. Differ-
ent types of tumors can develop from each cell type.
These tumors are epithelial tumors, germ cell tumors
(originating from ovarian cell and follicle) and stromal
tumors. Epithelial tumors arise from epithelial cells
that cover the outer surface of the ovary. Germ cell tu-
mors are derived from the ovary. Stromal tumors, on
the other hand, consist of structural cells that hold the
ovarian cells together and produce female hormones,
progesterone and estrogen. Most of these tumors are
benign and do not spread beyond the ovary [3]. Tu-
mors originating from nonspecific connective tissue
cells and tumors originating from another organ by
metastasis [1].

The metabolism of xenobiotics is a two-phase
process. Phase I reaction is mostly carried out in the
liver by the microsomal enzyme system. Phase I reac-
tion may also occur in the lung, kidney, intestine, skin,
testis, placenta, and adrenal gland limitedly. Lipid-sol-
uble xenobiotics become more polar by the phase I re-
actions [4, 5]. Phase II reactions are conjugation
reactions carried out by many cytosolic enzymes.
Polar metabolites, which are formed as a result of
detoxification, combine with endogenous substances
by conjugation reactions and are eliminated inactively
[6]. Reactive species formed by the Phase I enzymes
with glutathione enter into conjugation and eventually
bind with cell macromolecules (DNA, RNA, protein),
preventing cell damage [7].

Glutathione S-transferases (GSTs) is a family of
Phase II detoxification enzymes responsible for the
metabolism of chemotherapeutic agents, reactive oxy-
gen molecules and xenobiotics including environmen-
tal carcinogens. GSTs catalyze the reactions between
various electrophilic compounds and glutathione.
GSTs protect DNA from alkylation by conjugation of
active metabolites with glutathione. GSTs are dimeric
enzymes that inactivate electrophilic xenobiotics and
enable their conjugation for removal from the body.
Glutathione protects the organism against reactive
chemical compounds by binding to compounds with
its nucleophilic sulthydryl group [8]. GSTMI1 isoen-
zymes are predominantly expressed in the liver and a
lesser extent in the lung while GSTM3 is an important

isoenzyme in lung tissue [9]. GSTP1-1 enzymes show
resistance to chemotherapy and radiotherapy applied
in many different cancers [10]. It is estimated that half
of all cancer cases are associated with mutations in the
p53 gene. This prediction suggests that p53 controls a
key event in cell proliferation and that this regulation
is not cell- or tissue-specific [11]. Since different mu-
tations of p53 cause the structure of the protein to
change, it cannot bind to DNA [12]. Mutation occur-
ring in a single allele of the gene behaves as if there is
no functional p53 protein in the cell. Homozygous loss
of this gene results in non-repairing of DNA damage
and the cell undergoes malignant transformation [13].
In our study, we aimed to investigate the differences
in the expressions of GSTM1 and GSTP1, which play
essential roles in xenobiotic metabolism, and p53, a
tumor suppressor gene, in benign and malignant ovar-
ian tumor tissues. Our other goal was to determine the
GSTM1, GSTPI1, and p53 expressions in metastatic
tissues and assess whether these proteins have a role
in the progression of the disease.Moreover, the rela-
tionship of these expressions with age was also aimed
to investigate.

METHODS

We investigated the immunohistochemical staining
characteristics of GSTM1, GSTP1, and p53 in malig-
nant (n = 17), benign (n = 31), and metastasis (n=51)
ovarian tumor tissues from 99 patientsin Ankara
Kecioren Training and Research Hospital. The expres-
sion patterns of the tissues were compared based on
immunohistochemical staining intensity.Ethics com-
mittee approval was provided by the decision of the
Ankara Kecioren Training and Research Hospital
Clinical Research Ethics Committee, with the decision
number of 2012-KAEK-15/2215 (09.02.2021).

Immunohistochemical Staining

The GSTM1, GSTPI1, and p53 were studied by
immunohistochemical staining in the tumor tissues of
the patients. For immunohistochemistry, the formalin-
fixed tissue sections dewaxed in xylene and rehydrated
in ethanol sections were washed with distilled water
for 3 min. The sections were peroxidase-incubated for
10 minutes using 3% hydrogen peroxide in methanol
(v/v). Subsequently, the sections were washed with
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distilled water for 3 min and antigen retrieval was per-
formed for 3 min using a 0.01M citrate buffer, pH 6.0
in a domestic pressure cooker. Sections were placed
in Tris-buffered saline (TBS) containing 0.15M
sodium chloride and 0.05 M Tris-HCL pH 7.6. Sec-
tions were incubated at room temperature for 10 min
with superblock (SHP125; Scy Tek laboratories, west
logan, UT). The primary antibody was diluted through
a diluting solution, based on the manufacturer com-
pany instructions. After sections were incubated with
the primary antibody for anti-GSTP1 (Sc-28,494;
Santa Cruz Biotechnology, Inc) diluted 1:500, anti-p53
(M00001-4, Boster Biological Technology) diluted
1:300, anti-GSTM1 (Sc-517262; Santa Cruz Biotech-
nology.,Inc) diluted 1:100. The sections were incu-
bated at room temperature with a biotinylated link
antibody ( SHP125; ScyTek Laboratories) followed by
streptavidin/HRP complex (SHP125; ScyTek labora-
tories). After washing with TBS for 15 min, the sec-
tions were incubated at room temperature with
biotinylated link antibody (SHP125; ScyTek Labora-
tories) then diaminobenzidine was used to visualize
peroxidase activity in tissues. Nuclei were lightly
counterstained with hematoxylin, and then the sections
were dehydrated and mounted. Light microscopy and
scoring of immunohistochemically stained sections
were performed by a pathologist, who was unaware of
the patients’ clinical information scoring for each en-
zyme was: -, negative (no staining);1, weak staining;
2, moderate staining; 3, strong staining.

80
70
60
50

40

age (years)

30

20

10

0

benign

malignant

Statistical Analysis

Statistical analyses were performed with the IBM
SPSS software (Statistical Package for the Social Sci-
ences, Version 25.0). Data were presented as mean +
standard error of the mean (SEM) and minimum-max-
imum staining intensity. Homogenity of variances was
tested by Levene test. Normality of distribution was
assessed via Shapiro-Wilk and Kolmogorov-Smirnov
tests. The data were not normally distributed. Thus,
the Kruskal-Wallis test was performed to compare dif-
ferences between groups followed by the post hoc
bonferonni correction. The point biserial correlation
analysis was used to evaluate the correlation between
data. The statistical significance level was defined as
p <0.05.

RESULTS

The study covers 99 female subjects with benign ovar-
ian tumor (n = 31), malignant ovarian tumor (n = 17),
and metastasis (n = 51). The mean age was 47.29 +
2.87 years in benign ovarian tumor group, 60.56 +
2.35 years in malignant ovarian tumor group and
61.02 £ 1.37 years in metastasis group (Fig. 1).
Immunohistochemical expression of GSTMI,
GSTP1, and p53 was determined in benign ovarian
tumor, malign ovarian tumor and metastasis tissues
and the resuls were shown in Table 1. Some of the gen-
eral images obtained for pathological microscopy ex-

metastasis

Fig. 1. Age distribution of patients according to benign, malignant and metastasis groups
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Table 1. Expression levels of GSTM1, GSTP1, and pS3 proteins in benign and malignant ovarian
tumor samples and metastasis tissues

Benigngroup Malignant group Metastasis group p value
(n=31) (n=17) (n=51)
GSTM1
Positive (1) 11/31 (35.48%) 7/17 (41.18%) 14/51 (27.45%) 0.524
Negative (0) 20/31 (64.52%) 10/17 (58.82%) 37/51 (72.55%)
Mean 0.35+0.09 0.41+0.12 0.27 £ 0.06
(0-1) (0-1) (0-1)
GSTP1
Positive (1) 15/31 (48.39%) 15/17 (88.24%) 37/51 (72.55%) 0.010
Negative (0) 16/31 (51.61%) 2/17 (11.76%) 14/51 (27.45%)
Mean 0.48 +0.09 0.88 £0.08 0.73 +0.06
(0-1) (0-1) (0-1)
pS3
Positive (1) 0/31 (0%) 11/17 (64.71%) 26/51 (50.98%) <0.001
Negative (0) 31/31 (100%) 6/17 (35.29%) 25/51 (49.02%)
Mean 0 0.65+0.12 0.51+0.07
(0-1) (0-1)

Data were presented as mean + SEM and minimum-maximum staining intensity. The Kruskal-Wallis test was used for the

statistical analysis. The statistical significance level was defined as p < 0.05.

Fig. 2. Immunohistochemical expression of GSTM1 and GSTP1 isoenzymes, and p53 protein in ovarian benign and tumor
tissues, (A) p53 protein expression on tumor tissue; (B) GSTP1 protein expression on tumor tissue; (C) GSTM1 protein ex-

pression on tumor tissue; and (D) GSTP1 protein expression on benign tissue.
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amination of preparative tissues obtained as a result of
immunohistochemical applications are given in Fig.
2.

The results showed that the highest GSTM1 ex-
pression was observed in the malignant group.
GSTMI1 was positively expressed in 35.48% of benign
tissues, while 41.18% of malignant ones. Positive
GSTMI expression was found in 27.45% of metasta-
sis tissues. However, there were no statistically signif-
icant differences between groups in terms of GSTM1
expression (p = 0.524).

There was a statistically significant GSTP1 ex-
pressions between groups (p = 0.010). The highest
GSTPI expression was noted in the malignant group
followed by the metastasis group. Positive GSTP1 ex-
pression was observed in 88.24% of malignant,
72.55% of metastasis, and 48.39% of benign tissues.
GSTPI1 expression of malignant tissues was 1.83-
times higher than that of benign tissues (p = 0.015).
Metastasis tissues were exhibited 1.5-fold greater
GSTP1 expression than that of benign tissues. There
was no significant difference in GSTMI1 expressions
between malignant and metastatic tissues (p = 0.700).
The highest p53 expression was noted in the malignant
group followed by the metastasis group. 64.71% of
malign tissues displayed positive p53 expression,
while 50.98% of metastasis ones. None of the samples
had positive p53 expression in the benign group. Both
malignant and metastasis tissues exhibited statistically
significantly higher p53 expression than benign tissues
(» <0.001). Malignant and metastasis tissues exhibited

18

1,4
1,2

0,8
0,6
0,4
0,2

IHC score (mean)
—

henign malignant

similar p53 expression patterns. No significant differ-
ence in p53 expressions was found between the ma-
lignant and the metastasis groups (p = 0.941).

The point biserial correlation analysis was per-
formed. The relationships between the patients’s age
and the expression levels were examined. Hex binned
scatter plots of expressions versus age were shown in
Fig. 4. The increase in expressions of p53 was ob-
served to be positively correlated with the age in a
ratio 0of 32.70% (p = 0.001). No significant correlation
was observed between age and GSTM1 and GSTP1
expressions (p = 0.422 and p = 0.427, respectively).

DISCUSSION

It is now known that genes and proteins produced by
the cell for different functions are also involved in the
mechanism of this disease, rather than studies on target
genes and proteins at the molecular level, in studies
aimed at elucidating the mechanisms of cancer. Genes
and proteins and their metabolism, which are not di-
rectly involved in cancer formation such as detoxifi-
cation and drug metabolism, and intracellular
immunity, but cause cancer as a result of structural de-
terioration, are also shown among the causes of cancer
formation. Detoxification mechanisms are of great im-
portance in protecting cells from carcinogenic effects.
Detoxification (biotransformation) is the mechanisms
of making harmful substances such as xenobiotics
(toxic substances, metabolites, epoxides) harmless

metastasis

MGSTVI1T MGSTP1 Wp53

Fig. 3. Immunohistochemical staining scores of subjects in benign, malignant and metastasis groups. IHC = Immunohisto-

chemical.
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with the help of various enzymes or molecules and ex-
creting them out of the body. Enzymes or molecules
involved in these mechanisms also support this vital
phenomenon.The GST enzyme family constitutes an
enzyme system that creates Phase II reactions in
detoxification metabolism. At the same time, GST en-
zymes have crucial roles in drug metabolism, elimi-
nation of intracellular oxidative damage, provide the
detoxification of reactive intermediates and protect the
cells from harmful effects such as cancer, necrosis, tis-
sue and DNA damage. In light of this information, the
roles of the members of this family have been ex-
plained in the literature in many studies such as normal
intracellular antioxidant activity in cancer formation,
drug resistance in drug metabolism, and detoxification
metabolism. On the other hand, studies on the roles of
GSTM1 and GSTP1 isozymes in cancer formation are
very limited [8, 14, 15].

Similar to the results of our study, Marks ef al.[16]
found high levels of nuclear p53 protein expression in
the malignant epithelium in 54 (50%) of 107 epithelial
ovarian cancers in their study. Green et al.[17] re-
ported that GSTP1 could not make a difference in 109
ovarian cancers (86 cancer and 23 normal) in normal
and malignant tissues, but stained more intensely in
the malignant epithelium. In patients resistant to
chemotherapy, GSTP1 stained at higher intensity.
GSTAT1 and GSTM1 did not make a difference in ma-
lignant and benign cases, but stained with higher in-
tensity in malignant [17].

In a study conducted in the southeast of England
in 2001, GSTM1 mutation and null allele frequency
were investigated in 293 ovarian cancer patients and
219 control group. The "null" allele frequency in the
patient group (59%) compared to the "null" allele fre-
quency in the control group (48.9%) and it was found
to be significantly increased (p=0.025). With these re-
sults, it was observed that the GSTM1 “null” allele
was not associated with endometriosis. Despite this, it
has been reported to be a factor in endometriotic ma-
lignant transformation and clear-cell ovarian cancer
[18].

In another study, similar to our study, while trying
to determine the "null" allele frequency in the GSTM
and GSTT gene regions with samples taken from §1
individuals with invasive ovarian tumors, it was de-
termined whether p53 protein expression accompanies
the null allele frequency in phase II enzymes in this

patient group. The situation where it did not work was
compared with the data obtained after the immunohis-
tochemical method. A significant relationship could
only be established in the group of patients who re-
ceived chemotherapy with the group of patients with
GSTM/GSTT “null” allele frequency (p = 0.007). No
relationship could be established between p53 and all
other parameters and conditions such as survival [19].
The relationship between polymorphisms in the
GSTT1, GSTM1, and GSTP1 gene regions in the for-
mation and course of the disease was investigated in
132 patients with epithelial ovarian cancer and 132
control. Considering the polymorphic situation in
these gene regions and compared to the control group,
the risk of encountering epithelial ovarian cancer was
found 1.8-fold, 2.38-fold, and 11.28-fold higher in
GSTP1 Ile/Ile, GSTM1 null plus GSTPI Ile/Ile, and
GSTMI null plus GSTT1 null plus GSTP1 Ile/Ile than
control [20].

CONCLUSION

The higher expressions of GSTP1 and p53 in malig-
nant and metastasis tissues than benign ones indicate
that these expressions could be important biomarkers
in ovarian cancer development and progression. How-
ever, our study have some limitations. The tissues used
in this study belong to patients who have not received
chemotherapy and clinical data of the patients are not
sufficient. Since GSTs are involved in drug metabo-
lism, their expression in patients with ovarian tumor
receiving chemotherapy needs to be investigated.
Therefore, there is a need for new studies in which a
larger number of patients and clinical data will be
evaluated together in order to confirm our results.
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Determination of anti-HCV signal to cut-off value in
patients with hepatitis C virus infection and the variety
of antibody responses
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ABSTRACT

Objectives: The diagnosis of hepatitis C virus (HCV) infection starts with the detection of antibodies against
recombinant or synthetic HCV proteins by Enzyme Immunoassay (EIA). Although EIA tests are highly
sensitive, false positivity rates are not low. Positive anti-HCV results are generally confirmed with
complementary tests such as Nucleic Acid Amplification Tests (NAAT), or Western Blot modifications.
Methods: The anti-HCV results of 199,516 individuals referred from various clinics between 2015 and 2019
were evaluated retrospectively at University of Health Sciences, Sisli Hamidiye Etfal Training and Research
Hospital, Medical Microbiology Laboratory. From the 2039 samples, of which EIA tests resulted borderline
and reactive, 1419 samples having Line Immunoassay (LIA) confirmatory test results were included in the
study.

Results: LIA tests yielded positive, negative and indeterminate for 820 (57.8%), 519 (36.6%) and 80 (5.6%)
of 1419 samples, respectively. The optimal threshold point for EIA anti-HCV signal to cut-off (S/Co) according
to LIA was found to be 15.85 corresponded to diagnostic sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy of 94.9%, 94.8%, 96.6%, 92.1%, 94.9%, respectively.
The most common proteins detected in LIA positive samples were C1 96.3%, C2 90.4%, and NS3 93.2%.
Conclusions: To prevent false positivities, confirmatory tests must be used for samples with low S/Co ratios.
The use of S/Co value will make significant contribution to reducing both false-positive results and the LIA
confirmatory test consumption. There was no correlation between the number of bands and EIA index values
in LIA positive samples, while the relationship between the number of 3+ bands and index values was
remarkable.

Keywords: Hepatitis C virus, signal to cut-off, enzyme immunoassay, line immunoassay, confirmatory test

Hepatitis C virus (HCV) is 40-50 nm in diameter, threat, yet has no protective vaccine [2, 3]. It is esti-
enveloped, single-stranded RNA virus classified mated that 3% of the world population is infected with
in Flaviviridae family [1]. HCV is a chronic hepatitis HCYV, and the prevalence is between 0.5-1% in Turkey
agent with worldwide distribution which infects more [4]. Although hepatitis C is usually in form of asymp-
than 170 million people posing a serious public health tomatic infection, it also becomes chronic at a rate of
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75-85%. Cirrhosis develops in approximately 20-30%
of patients with HCV infection within 20 years and
total of 1-4% of patients develop hepatocellular carci-
noma [5]. Although a meta-analysis study showed that
the global incidence of HCV infection decreased,
mathematical models show that deaths due to second-
ary liver disease in HCV infection will continue to in-
crease [6].

Laboratory diagnosis of HCV infection needs to
be reliable [7]. False positivity is an important issue
in terms of time, cost and patient’s psychological state
[7, 8]. Since there are no neutralizing antibodies
against HCV, anti-HCV can be detected not only in
chronic hepatitis C patients, but also in most HCV pa-
tients who recover. For this reason, it cannot be clearly
differentiated whether anti-HCV positivity indicates
current or past infection [8]. A positive anti-HCV re-
sult can indicate active (acute or chronic) or past HCV
infection, as well as false positivity [8, 9]. The healthy
carriers of HCV infection may show a specific anti-
body response to HCV antigens, which may play role
in disease control. Detecting these antibodies may
allow this response to be fully characterized, which
can identify specific antibodies that have potential
clinical value [10].

The structural proteins of HCV processed by cel-
lular proteases are core proteins (C), envelope glyco-
proteins E1, E2, and non-structural NS2, NS3, NS4A,
NS4B, NS5A, NS5B proteins, which are processed by
viral proteases [11]. The diagnosis of HCV infection
starts with the detection of antibodies against recom-
binant or synthetic HCV proteins by Enzyme Im-
munoassay (EIA) [12]. First-generation EIA tests are
intended to detect the antibodies against the ¢c100-3
epitopes from the NS4 region. Core and NS3 regions
were added to the second generation tests, and NS5
region epitopes were added to the third generation EIA
tests in addition to the core and NS3 regions. With the
use of third-generation EIA anti-HCV test, the HCV
infection has become detectable at 7-8th weeks after
transmission [7, 8, 13].

Although EIA tests are highly sensitive, false pos-
itivity rates are not low. False positivity is more likely
to occur in populations with low prevalence [14]. Pos-
itive anti-HCV results are generally confirmed with
complementary tests [12]. Among the confirmatory or
complementary tests, the most widely used tests are
Nucleic Acid Amplification Tests (NAAT), or Western

Blot modifications, ie. Recombinant Immunoblot
Assay (RIBA) and Line Immunoassay (LIA) tests [3,
15]. The U.S. Centers for Disease Control and Preven-
tion (CDC) recommended a diagnostic algorithm in
2003, which included RIBA and NAAT to determine
positivity in anti-HCV screening tests at signal to cut-
off (S/Co) rates [16]. In 2013, an updated algorithm
was released that included testing anti-HCV positive
samples using only NAAT (9). A negative RIBA result
usually indicates false positive anti-HCV screening
test, except for the early stage of acute infection and
immunosuppression, while a positive RIBA result in-
dicates current or past infection [17]. Determining
HCV-RNA with Polymerase Chain Reaction (PCR) is
considered as the gold standard method to evaluate
viremia in patients during antiviral treatment and fol-
low-up and is used to confirm the diagnosis of HCV
infection [14]. However, using only the NAAT testing,
may lead to challenges in the diagnosis in patients with
recovered/past HCV infection [8]. While both NAAT
and antibody confirmatory tests (RIBA and LIA) are
used in Europe as complementary tests, there are no
Food and Drug Administration (FDA) approved con-
firmatory antibody test commercially available in
United States (US) [18].

When anti-HCV S/Co ratios are evaluated, it has
been suggested that low levels may be associated with
false positive results while high levels may reflect ac-
tual infection status and can be used to predict HCV
viremia [19, 20]. However, the optimal S/Co values
showing the actual infection status might vary from
one manufacturer to another. For this reason, during
HCV diagnosis, differences in S/Co values that are
found by using various commercial tests should be
taken into account [14].

The purpose of the present study was to determine
S/Co ratios in anti-HCV reactive individuals, to eval-
uate the predictive performance of EIA with LIA test-
ing, and examine the diversity of antibody responses
against various HCV proteins in individuals infected
with HCV.

METHODS

Patients and Samples
The anti-HCV results of 199,516 individuals referred
from various clinics between 2015 and 2019 were
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evaluated retrospectively at University of Health Sci-
ences, Sisli Hamidiye Etfal Training and Research
Hospital, Medical Microbiology Laboratory. From the
2039 samples, of which EIA tests resulted borderline
and reactive, 1419 samples having LIA confirmatory
test results were included in the study, after exclusion
of samples that were previously confirmed.

Serological Diagnosis

Enzyme Immunoassay (EIA) Method (Elecsys
Anti-HCV II, Roche Diagnostics, Germany) was used
for anti-HCV screening test. For EIA, in line with the
manufacturer’s instructions, the samples with S/Co
index value < 0.9 were considered nonreactive, those
with > 0.9 to < 1 were considered borderline, and > 1
as reactive. The borderline or reactive results were
retested with the same test kit. Confirmatory test was
performed for the samples with S/Co index value >
0.9.

The confirmatory test was performed by using the
Semi-Quantitative LIA (INNO-LIA HCV Score, Inno-
genetics-Belgium). The INNO-LIA HCV Score Test
is intended for detecting the antibodies from C1, C2
from the core area, E2 from the hypervariable region
(HVR), NS3 from the helicase region, and NS4, NS5
region antigens. The band reactivity was evaluated
with visual calibration against IgG control bands on
each strip. The bands were evaluated as negative (no
bands), +/-, level 1+, level 3+. The LIA results were
interpreted as follows:

1-A sample is NEGATIVE for HCV antibodies:

- if all HCV antigen lines have a negative reactiv-
ity rating,

- if only one HCV antigen line has a reactivity of
+, except when the reactivity is observed for NS3.

2-A sample is POSITIVE for HCV antibodies:

- if at least two HCV antigen lines have a reactiv-
ity of £ minimum or higher.

3-A sample is considered INDETERMINATE for
HCV antibodies:

- if one HCV antigen line has a reactivity rating of
1+ or higher,

- if the NS3 line reacts with a reactivity of & or

higher and all other antigen lines are negative.

Statistical Analysis

SPSS 15.0 for Windows was used for statistical
analysis. The descriptive statistics were given as num-
bers and percentages for categorical variables; and as
mean values, standard deviations, and minimum-max-
imum values for numeric variables. In independent
groups, the comparisons of numeric variables were
made with the Kruskal Wallis Test in more than two
group comparisons since the normal distribution con-
dition was not met. The subgroup analyses were made
with the Mann Whitney U-test. The cut-off point was
selected with the analysis of the “Received Operator
Characteristic (ROC)” Curve. The sensitivity, speci-
ficity, positive predictive value, and negative predic-
tive value calculations were made for the resulting
cut-off value. The statistical alpha significance level
was taken as p < 0.05.

RESULTS

From the 2039 samples, of which EIA tests resulted in
borderline and reactive, 1419 samples were included
in the study, after exclusion of samples that were pre-
viously confirmed. LIA tests yielded positive, negative
and indeterminate for 820 (57.8%), 519 (36.6%) and
80 (5.6%) of the 1419 samples, respectively (Table 1).

Table 1. Numerical data of EIA index value and LIA

Mean £ SD (Min - Max) Median (IQR)
EIA Index Value 36.3+39.4(0.91-216.4) 26 (3.18-52)
n (%)

EIA S/C00.9-1.0 31(2.2)

S/Co>1 1388 (97.8)
LIA Indeterminate 80 (5.6)

Negative 519 (36.6)

Positive 820 (57.8)

EIA = Enzyme Immunoassay, LIA = Line Immunoassay, IQR = Interquartile range, S/co= signal to cut-off, SD = standard

deviation, Min = minimum, Max = maximum
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Table 2. The EIA S/Co values relative to LIA results

EIA
Mean = SD (Min-Max) Median (IQR)
LIA Indeterminate 26.3 £22.9 (2.8-117.5) 20.3 (7.3-40.1)
Negative 4.39 £ 6.46 (0.91-59.69) 1.99 (1.29-4.23)
Positive 57.4 +38.8 (3.1-216.4) 45.4 (30.4-71.8)
p value <0.001

All subgroup comparisons p < 0.001

EIA = Enzyme Immunoassay, LIA = Line Immunoassay, IQR = Interquartile range, SD = standard deviation, Min =
minimum, Max = maximum

A total of 465 (56.7%) of the individuals who were negative group (all comparisons p < 0.001) (Table 2).
found positive with LIA were female and 355 (43.3%) EIA test minimum, maximum, 25-75% percentile, and
were male while the mean age of patients was 56.1 £ median index values are shown in Fig. 1 along with
18.3 years. LIA results.

According to the confirmation test results, the Indeterminate results were excluded from the
mean S/Co value of the positive group was found to study, and the ROC curve was drawn to determine the
be significantly higher compared to the indeterminate optimal screening test cut-off value. The Area Under
and negative groups while mean value of the indeter- the Curve was 0.987 (SE:0.003) (Fig. 2). The optimal
minate group was significantly higher compared to the threshold point for EIA anti-HCV S/Co according to
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Fig. 1. Box-and-whisker plot for EIA anti-HCV S/Co levels relative to LIA test results. The horizontal line within each box
represents median value, top and bottom of each box represent the 25th and 75th percentiles, respectively.
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Fig. 2. LIA test ROC curve based on anti-HCV EIA results (AUC:0.987 (SE:0.003) 95% CI 0.982-0.992).

LIA was found to be 15.85 and following values were
found for threshold point; sensitivity of 94.9%, speci-
ficity of 94.8%, positive predictive value (PPV) of
96.6%, negative predictive value (NPV) of 92.1%, ac-

curacy of 94.9%.

The C1, NS3 and C2 bands were most commonly
detected among the positive samples, while NS3 was
the most frequently detected HCV antigen band in in-

Table 3. Protein band counts and percentages in LIA-positive and indeterminate samples

LIA C1 C2 E2 NS3 NS4 NS5

Positive (n) 790 741 418 764 590 212
% 96.3 90.4 51 93.2 71.9 25.8

Indeterminate (n) 22 8 2 44 4 0
% 27.5 10 2.5 55 5 0

LIA = Line Immunoassay

Table 4. S/Co mean values relative to positive band counts

Positive Band Counts n % Mean S/Co

2 83 10.1 50

3 129 15.7 61

4 213 26 68

5 260 31.7 56

6 135 16.5 45

Total 820 100

S/co = signal to cut-off
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determinate samples (Table 3).

When multiple-band positivity was examined, 5-
band positivity (31.7%) was the most common, fol-
lowed by four-band (26%), six-band (16.5%),
three-band (15.7%) and two-band (10.1%) positivity.
The S/Co mean values by the number of positive
bands are given in Table 4.

DISCUSSION

With the help of new technologies, significant
progress was made in identifying patients who are in-
fected with HCV. It is important to screen general pop-
ulation, blood and organ donors to prevent the spread
of HCV. More than %95 of individuals infected with
HCV can full recovery with correct diagnosis and new
treatment methods. The complications of HCV can be
significantly reduced as a result of a successful diag-
nosis and treatment [13]. With the help of new tech-
nologies, significant progress was made in identifying
patients who are infected with HCV. It is important to
screen general population, blood and organ donors to
prevent the spread of HCV. More than %95 of indi-
viduals infected with HCV can full recovery with cor-
rect diagnosis and new treatment methods. The
complications of HCV can be significantly reduced as
a result of a successful diagnosis and treatment [13].

The addition of more antigens to third-generation
EIA used as screening tests increased sensitivity, how-
ever, this also increased the false positivity rates. To
prevent false positive results, confirmatory tests must
be used on samples with low S/Co ratios [21]. CDC
recommends determining anti-HCV S/Co values that
reflect true positivity in individuals, in order to reduce
false positive results, particularly in populations with
low prevalence of HCV [22]. The actual positive S/Co
ratio may differ for each manufacturer's products. Re-
gardless of the prevalence, laboratories could deter-
mine their optimal S/Co ratios and use confirmatory
tests accordingly [21, 23].

Researchers tried to find an anti-HCV threshold
value by using different confirmatory tests. Altuglu et
al. [12] used Architect Anti-HCV assay (Abbott Lab-
oratories) and confirmed the reactive EIA results with
LIA and evaluated by ROC curve analysis. They stated
that, when the S/Co ratio was 3.27, they could detect
true antibody positivity in 94.9% of their cases [12].
Karakog et al. [24] evaluated the S/Co value as 8.1

when using PCR as confirmatory test for the samples
screened with the Ortho test, and found the sensitivity
as 100% and the specificity as 95%. When the RIBA
test was used for confirmation, they found the S/Co
value as 7.5 and determined the sensitivity and speci-
ficity as 95% and 81%, respectively [24]. Pan et al.
[25] used Elecsys Anti-HCV II (Roche Diagnostics)
screening test and confirmed the results with RIBA
and found the S/Co ratio as 12.27 with 97.8% sensi-
tivity and 86% specificity. Kao ef al. [26] examined
the S/Co ratio for AXSYM Microparticle Enzyme Im-
munoassay (MEIA) (Abbott Laboratories) using PCR
for confirmation and found the S/Co ration optimal at
24 and 44. Using a cutoff S/Co ratio of 24, they could
confirm HCV viremia with a sensitivity and positive
predictive value (PPV) of 91.7%, specificity and neg-
ative predictive value (NPV) of 82.4%. The sensitivity,
specificity, PPV, and NPV were found to be 86.1%,
94.1%, 96.9%, 76.2% respectively when S/Co ratio
was set 44 as cutoff [26].

In this study, anti-HCV EIA results confirmed
with LIA were evaluated with the ROC Analysis, the
Area Under the Curve was 0.987 (SE:0.003), and the
optimal S/Co ratio was found to be 15.85 (Fig. 2). Ac-
cording to these results, the accuracy was found to be
94.9% when the S/Co ratio was set 15.85 in anti-HCV
EIA screening.

Recombinant immunoblot analysis is a comple-
mentary serological confirmation test preferred with
its robust specificity [10]. However, indeterminate re-
sults can also be detected in this system. In our study,
80 (5.6%) of 1.419 reactive samples that were con-
firmed with LIA were found to be indeterminate. LIA
indeterminate results were previously considered to be
false anti-HCV positive. However, in a study Makuria
et al. [27] showed that indeterminate results represent
decreased antibody responses in individuals who have
recovered from HCV infection. Mazzarella et al. [7]
has associated indeterminate LIA results with declin-
ing antibodies in old age patients. After viral clear-
ance, HCV antibodies persist for several years, and
can be detected in laboratory tests during this period.
HCYV clearance is associated with the appearance of
antibodies and reversal of HCV-specific T cell deple-
tion. In the event of spontaneous or treatment-induced
HCV clearance, antibodies gradually decrease and dis-
appear in the absence of HCV RNA [7]. Researchers
have discovered that individuals who spontaneously
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recover from HCV infection had much stronger Cell-
Mediated Immune (CMI) responses compared to con-
trols that had never been infected with HCV before
[27]. Hitzinger et al. [28] retested the individuals
tested five and two years ago, found a decrease in pos-
itivity, similar to the study of Makuria et al. [7]. Also,
the researchers showed a gradual decrease in antibody
level by using the quantitative Luciferase Immuno-
Precipitation System (LIPS), as a patient moves from
being chronic carrier (highest antibody level) to spon-
taneously recover (mid-level) and RIBA indeterminate
(low level) [27]. Seeff et al. [29], who supported this
concept, showed that there was complete antibody loss
in some patients who were followed up as anti-HCV
positive for 20 years. In another study, anti-HCV
prevalence rates tended to decrease in a 12-year fol-
low-up, and positivity declined from 43.6% to 29.2%
during the study period [30].

Another approach is that perhaps the initial viral
inoculum or exposure may be very low in individuals
losing their serological response to HCV [27]. These
studies show that anti-HCV positive, LIA-indetermi-
nate results are not false positive, and there might be
a declining antibody response. In addition, Pereira et
al. [31] stated that false positive results may occur in
populations with low HCV prevalence or in cases with
cross-reactivity due to other viral factors in immuno-
compromised individuals.

In our research, 44 (55%) of the 80 LIA tests that
resulted indeterminate were found to be positive for
NS3 band, 22 (27.5%) for C1 band and 8 (10%) for
C2 band. Consistent with our research, Pereira et al.
[31], found that NS3 was the most detected band with
86% (12/14) in indeterminate samples. When inter-
preting the LIA test, if one HCV antigen band has a
reactivity rating of 1+ or higher or if the NS3 band re-
acts with a reactivity of + or higher and all other anti-
gen bands are negative, the sample is considered
indeterminate. For this reason, higher positivity rate
of NS3 band can be considered as an expected result.
Most patients who are infected with HCV give a hu-
moral and cellular response to core antigens. Persistent
HCYV infection is induced with the suppression of early
host immune response by core antigens released dur-
ing the acute phase in HCV infection. High levels of
core antigens disrupt the function of T-lymphocytes
by interacting with the complement receptor gC1qR,
and lead to a decrease in immune response against

HCV. It is considered that HCV persistence occurs
with immune destruction mechanism [32]. Rafik et al.
[10] found reactivity of 91.2% in C1 band, 76.5% in
C2 band, 97.3% in NS3 band. Pereira et al. [31], on
the other hand, found 96% reactivity in C1 band and
100% in NS3 band. In our research, LIA test yielded
%93,2 reactivity in NS3 band, 96.3% and 90.4% re-
activity in core proteins C1 and C2, respectively for
EIA reactive samples. Strong antibody response
against NS3 antigen have been associated with viral
persistence. Beld et al. [33] reported that individuals
with viral persistence had higher antibody response to
NS3 than individuals with significant viral clearance.
Viral clearance was associated with significant de-
crease in antibodies against NS3, independent of HCV
genotype, compared to individuals with persistent
viremia [33]. In individuals with spontaneous recovery
of infection, anti-HCV may persist and remain de-
tectable for a lifetime while it may decrease slightly
or gradually disappear after a few years. Anti-HCV
continues indefinitely in patients who develop chronic
infection, but antibodies may become undetectable in
immunocompromised or hemodialysis patients [20].
It has been suggested that high anti-HCV EIA
index values may reflect the actual state of infection
or viremia. Since anti-HCV is produced by antigen
stimulation secondary to viral replication, anti-HCV
antibody levels appear to increase with strong viral
stimulation. For this reason, the anti-HCV-S/Co ratio
is likely to be higher in patients with HCV viremia,
who have strong and continuous viral stimulation
compared to patients with spontaneous recovery [19,
34]. The conclusion of a study conducted by Seo et al.
[19] is that the anti-HCV S/Co ratio is significantly
dependent on the presence of HCV viremia and con-
tributes significantly to predicting the presence of
HCV viremia. Pereira ef al. [31] established a statisti-
cally significant relationship between high anti-HCV
index values and the presence of viremia in 92% of
RIBA positive samples with an HCV index value >
5.0. Studies have shown that in cases where the anti-
HCV antibody titer is higher in the patient's sera, the
chances of the test result being real positive are higher
than the false positivity [20]. In our study, PPV was
found to be 96.6% when S/Co ratio was set 15.85.
In a study conducted by Rafik et al. [10] 3-band-and-
above positivity was found as 90.9% in individuals
with chronic HCV infection, and 86.2% in HCV in-
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Table 5. LIA positive band groups, number of level 3 + bands within the group and S/Co mean

values
Positive Band Counts Level 3+ Bands n % Mean S/Co
2 bands 1 27 32.5 52.7
2 22 26.5 73.8
3 bands 1 28 21.7 60
2 34 26.4 73
3 21 16.3 82
1 24 11.3 85
4 bands 2 39 18.3 84
3 70 32.9 74
4 60 28.1 46
1 10 3.8 81
5 bands 2 18 6.9 80
3 69 26.5 62
4 98 37.8 50
5 62 23.9 46.7
1 1.5 90
2 3.7 74
6 bands 3 9 6.7 67
4 42 31.1 51
5 50 37 35
6 26 19.3 38

LIA = Line Immunoassay, quartile range, S/co = signal to cut-off

fected healthcare workers via LIA confirmatory test.
In another study using RIBA, authors found 4-band
positivity as 60%, 3-band positivity as 28%, and total
of 3-band-and-above positivity as 88% [31]. In this
study, positivity rate of 3-band-and-above was found
as 89.9% in all cases (Table 4).

In our confirmation with LIA, we grouped the
antigen positivity as 2, 3, 4, 5 and 6-band positivity.
While mean S/Co values increased from two band
positivity and reached the highest level as 68 in four
band positivity, it was noteworthy that individuals

with five and six band positivity showed a decrease in
mean S/Co values (Table 4). When the positive band
groups were examined, it was observed that the mean
S/Co values increased in individuals with level 3 pos-
itivity in two and three bands within each group, and
a decrease was observed if the number of level 3 pos-
itive bands was four and above (Table 5). The reason
for the decrease in the mean value when level 3 posi-
tive band number increased to four and above was in-
vestigated. Among the samples newly confirmed with
the LIA test, those with a level 3 positive band number
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over 3 or 4 were retested in serial dilutions. The index
values of these samples were between 26-50 with EIA,
and when retested with serial dilution, it was observed
that the index values increased, reaching up to 3000s.
However, there was no change in index values for the
samples with an index value of 119, three level 3 pos-
itive bands, and indeterminate samples with an index
value of 20 when tested with serial dilution. These re-
sults show that when the number of level 3 positive
bands is four and above, the actual index value can be
reached with dilution study, since the absorbance
value of the sample may be above linearity due to ex-
cess antibody, which suggests that there may be a cor-
relation between strong band positivity and high index
value. We believe that further researches in concor-
dance with the HCV clinical course and treatment re-
sponse are needed on this issue.

The NAAT or Western Blot modifications are con-
firmatory tests for HCV infection. Elaborate proce-
dures, the need for equipment and qualified personnel
limit the widespread use of molecular techniques [14].
RIBA is an alternative to NAAT which needs hard-
ware and infrastructure for countries with limited re-
sources [13, 35]. A previous study recommends the
RIBA test to confirm HCV exposure after anti-HCV
reactive results, and if the RIBA test is positive, addi-
tional PCR test is recommended to evaluate the status
of HCV viremia [36]. In another study, it is stated that
RIBA is needed for patients with EIA reactive, NAAT
negative results, thus a better evaluation could be
made by following these patients who recovered from
HCYV infection. Nevertheless, it has been stated that
neglecting RIBA has a minimal effect on HCV diag-
nosis, provided that the anti-HCV S / Co ratio is in-
cluded in the diagnostic algorithm [37]. Despite the
decision of CDC to remove RIBA from the diagnostic
algorithm for HCV, some authors reported that their
results indicate the RIBA should continue to be used
[10]. Similarly, there are some studies arguing that
EIA reactive results are not indicative of HCV infec-
tion without a complementary RIBA test [8]. The CDC
stated that future studies are needed for good practices

[9].

Limitations

One of the limitations of our study is that the pop-
ulation we screened for anti-HCV includes not only
possible hepatitis cases, but also individuals with rou-

tine medical examinations. Besides, just as there were
patients who had been treated in different hospitals,
there were individuals who were followed up in dif-
ferent hospitals. Therefore, we were not able to in-
clude HCV-RNA and alanine aminotransferase (ALT)
results. The strengths of our study are that it contains
a high number samples screened for anti-HCV and the
antibody bands, the level of positivity and S/Co mean
values are determined and analyzed for all the samples
tested positive or indeterminate by LIA confirmatory
test.

CONCLUSION

EIA tests are indispensable tools for laboratories as
anti-HCV screening tests due to its low cost, easy and
time-saving procedure, ease of working with auto-
mated devices. However, the number of false-positive
results is high in anti-HCV EIA screening test, but the
use of the S/Co value will make a significant contri-
bution to reducing both false-positive results and the
LIA confirmatory test consumption. In our study, the
S/Co value was found to be 15,85 with an accuracy of
94.9%. In addition, it has been observed that there is
a correlation between the increase in index value and
the number of level 3 positive bands in the LIA con-
firmatory test. We are of the opinion that this relation-
ship, which does not have much data in the literature,
should be examined together with the clinic course of
HCV infection, and further researches are needed on
this subject.
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volumetric changes in the brain?
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ABSTRACT

Objectives: We aimed this study to investigate the relationship between gray matter volume differences women
who suffer from primary dismenorrea (PD) and asymptomatic women.

Methods: Brain magnetic resonance (MRI) imaging of 113 PD patients and 113 healthy women were
performed. The volume of gray matter structures was calculated with the VolBrain automatic calculation system.
Results: Cut-off values were found by ROC analysis for right, left and total volumes in both groups. A caudate
lobe volume above 6.33 cm3 is 99.1% sensitive and 77.9% specific for a diagnosis of PD. In addition, the
volumes of other pain-related gray matter regions were decreased in PD patients (p < 0.001).

Conclusions: Atrophic changes in the medial GM structures in the brain in women with PD may cause
hyperalgesia and the quantitative determination of these morphological changes may play an important role in
the diagnosis of PD.

Keywords: Primary dysmenorrhea, gray matter volumetry, magnetic resonance imaging, thalamus,

hippocampus, caudate nucleus

Primary dysmenorrhea (PD) is characterized by
pain in the lower abdomen during the menstrual
cycle without an underlying organic disease. It is more
common especially in the adolescent age [1]. In PD
pathophysiology is held responsible myometrial hy-
percontractility, especially due to increased release of
prostaglandins [2]. Myometrial hypercontractibility
causes menstrual pain. In addition, it has been stated
that the neurohypophyseal hormones vasopressin and
oxytocin also contribute to the process. Women with
PD suffer from both lower abdominal pain and symp-
toms such as headache, nausea, and vomiting [3]. PD
is an important factor in decreasing the quality of life

and the ability to perform daily activities due to all
these symptoms [4]. Although endocrine evaluations
have been made for the etiology of PD in some previ-
ous studies, the central mechanisms underlying PD re-
main largely uncertain. PD should also be seen as one
of the central sensitivity syndromes due to systemic
symptoms such as headache, nausea and vomiting.
Since there is a cyclical nature of pain and painless pe-
riods in PD, it has been suggested in previous publi-
cations that neuroimaging can explain the brain
mechanisms in determining the pathophysiology of
PD [5]. In previous studies, normal and abnormal
brain changes that occur in PD are examined [6, 7]. In
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addition, in a previous study, it was stated that voxel
changes in gray matter (GM) volume on magnetic res-
onance imaging (MRI) may be associated with PD [8].

Determining brain structure and brain volume in
MRI images is used to understand the etiology of dis-
eases associated with atrophy [9]. Manual segmenta-
tion volume measurement in MRI was used to
determine neuroanatomical structures, but its applica-
tion is limited because it takes time [10]. Automated
brain volume analysis from MRI images is a modern
and fast computer-aided diagnosis (CAD) manage-
ment. There are many software packages available that
provide quick and easy brain segment volume meas-
urements.

VolBrain (VB) is a software package that automat-
ically measures brain volume. The volume measure-
ment is presented in centimeter cube (cm3) and as a
percentage by measuring the brain volume from both
the main brain parenchyma structures and small struc-
tures, It also specifies the normal volume and percent-
age ranges according to the gender and age of the
patient. Presents the volume measurements obtained
from the brain parenchyma as a result file [9].

The purpose of this study is to investigate the re-
lationship between GM volume differences women
who suffer from PD and asymptomatic women.

METHODS

This study is a case-control study conducted by exam-
ining brain MRI images of 113 female patients diag-
nosed with primary dysmenorrhea between January
2019 and October 2020 at the gynecology outpatient
clinic of Adiyaman Training and Research Hospital.

Intracranial cavity extraction Tissue clasification

Brain MRI images of 113 female patients who were
not diagnosed with PD and whose brain MRI images
were recorded in our system were included in the
study as the control group.

The diagnosis of primary dysmenorrhea was made
by a gynecologist with 10 years of experience. The
Gracey box scale, which is used to evaluate pelvic
pain, was used for pain assessment in patients. Patients
with a pelvic pain intensity score of 9 or more and an
unpleasantness score of 7 or more were included in the
study [11].

For patients with PD diagnosis, being in the repro-
ductive age between 18-45 years of age, having no
known pelvic pathology (adenomyosis, endometriosis,
previous pelvic inflammatory disease, etc.), having
brain MRI images in the hospital database, and not
having a history of minor and / or major surgery in the
last two years are the criteria for inclusion.

Patients under 18 years of age, having additional
pathologies that may cause chronic pelvic pain, being
diagnosed with / receiving migraine even if suffering
from PD, being a tension headache, being diagnosed
with known intracranial hypo / hypertension, intracra-
nial mass, cerebrovascular disease, previous cerebral
venous thrombosis or a history of neurological disease
such as demyelinating pathologies (such as multiple
sclerosis, acute disseminated encephalomyelitis) were
exclusion criteria. In addition, patients with com-
plaints of menstrual irregularity, menorrhagia and
menometrorrhagia and using oral contraceptives due
to these complaints were excluded from the study.

Imaging Parameters
MRI imaging was carried out in the periovulatory
phase of the menstrual cycle 12-16 days. T1-weighted,

Subcortical structures

Macrostructures

Fig. 1. Images presenting highlighted subcortical structures, as occurred from the processing of VolBrain.
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3-dimensional gradient-echo anatomic MRI scans
using a 3-dimensional fast spoiled gradient recall se-
quence (TR = 8.548 ms, TI =400 ms, flip angle =15,
matrix =256 256 124, in-plane field of view = 260
260 1.5 mm3)ona 1.5-T MRI scanner (Gyroscan
Intera, Philips Medical Systems, Best, The Nether-
lands).

Volume Measurement with VB

Evaluation of MRI images was done by a 5-year-
experienced radiologist. Analysis was done with VB
software from VB internet platform. DICOM images
were converted to NIFTI format using ITK Snap soft-
ware before being transmitted to VB. The relevant vol-
umes of the brain structures of patients with PD were
measured using NQ software, and a "multiple structure
report" and a "general report" were created about the
data (Fig. 1).

The hippocampus is part of the limbic system and
plays a role in learning, decision making and memory
formation. It also contributes to the processing of pain
and the formation of attention and anxiety associated
with pain [12, 13]. The amygdala plays a role in pain
anticipation and emotional processing of pain [ 14, 15].
It has also been reported to be associated with lower
back pain [15]. The thalamus has many roles, from
transmitting sensory and motor signals to regulating
consciousness and wakefulness [17]. Studies on pa-
tients suffering from chronic pain have noted a de-
crease in GM volume in areas such as the thalamus.
These pain processing regions have also been reported
in chronic pain conditions such as migraine and cluster
headache [18-21, 22-25]). Right, left and total vol-
umes were measured and noted for each patient from
each of these regions.

Statistical Analysis

SPSS 22 program was used to analyze the data.
Kolmogrow Smirnov test was used as normal distri-
bution test. Mann Whitney U test and ROC analysis
were used in the analyzes. A value of p < 0.05 was
considered significant.

RESULTS

Demographic characteristics and clinical symptoms of
the PD group and control group in this study are
shown in Table 1.

When the volumetric measurements made for the
PD patient group and the healthy female group (HG)
were compared, the caudate nucleus, globus pallidus,
thalamus and hippocampus volumes decreased in
women with PD (p <0.001), and the amygdala volume
increased in women with PD (p = 0.005). When the
GM total volume was compared, there was no signif-
icant difference between the groups (p = 0.060) (Table
2).

The effect of GM volumes on diagnostic decision
making for PD distinction was evaluated by ROC
analysis and the cut off values are given in Table 3. It
was found that the caudate nucleus volume was a very
good diagnostic test for PD, while the putamen and
globus pallidus volumes were good diagnostic tests (p
<0.001). A caudat nucleus volume above 6.33 cm3 is
99.1% sensitive and 77.9% specific for the diagnosis
of PD. Putamen volume above 8.06 cm3 is 81.4% sen-
sitive and 46% specific for the diagnosis of PD. If the
thalamus volume is above 5.21 cm3, it is 81.4% sen-
sitive and 67.3% specific for the diagnosis of PD.
Globus pallidus volume above 1.85 cm3 is 86.7% sen-

Table 1. Demographics and clinical characteristics of the participants

PD HG
Age (years) 249+4.21 27+3.26
Menstural cycle (Days) 27.8+1.9 289+2.2
Menstural phase (Days) 3-7 3-9
Disease duration(years) 53+2.7 0
Average pain intensity GBS 15.7+3.2 24+1.1
Average pain unpleasantness GBS 13.1+2.1 3.8+1.7

Data are shown as mean+standard deviation or minimum-maximum. HG = Healthy Group, PD = Primary dismenorrea, GBS

= Gracey Box Scale
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Table 2. Gray matter volume comparisons according to the presence of primary dysmenorrhea

Groups
HG PD

X SD Median Min Max X SD Median Min Max p value
Caudate R 3.40 0.35 3.54 279  3.76 2.78 0.27 2.75 240 3.29 <0.001
Caudate L 3.43 0.26 3.52 3.00 4.02 3.02 0.27 297 265 3.54 <0.001
Caudate T 6.84 0.59 7.23 579 7.44 5.81 0.38 5.82 511 636 <0.001
Putamen R 4.04 0.38 4.12 3.09 497 3.19 0.86 3.71 1.75 422 <0.001
Putamen L 3.86 0.22 3.91 345 435 3.29 0.50 337 252  4.02 <0.001
Putamen T 7.91 0.53 7.98 7.00 932 6.49 1.33 7.08 427 812 <0.001
Thalamus R 5.22 0.84 5.36 3.76  7.12 431 0.49 414 3.69 519 <0.001
Thalamus L 5.19 1.04 5.60 371  7.45 4.67 0.55 5.13 3.84 523 <0.001
Thalamus T 10.41 1.86 1095 748 1457 8.99 0.92 9.18 7.53  10.42 <0.001
Globus Pallidus R  1.02 0.23 1.00 0.65 1.48 0.75 0.15 0.72 028 1.00 <0.001
Globus Pallidus L.  0.99 0.25 1.01 0.70 1.39 0.71 0.14 0.65 0.48 0.92 <0.001
Globus Pallidus T 2.01 0.43 1.98 1.39 2.68 1.46 0.29 1.37 075 192 0.468
Hippocampus R 3.97 0.57 3.94 3.08 4.90 3.86 0.49 3.75 332 522 0.001
Hippocampus L 3.57 0.70 3.65 2.61 5.70 3.78 0.46 379 321 461 0.016
Hippocampus T 7.53 1.20 7.20 5.70 10.56  7.65 0.82 7.37 6.55 9.72  0.921
Amygdala R 0.62 0.12 0.60 0.47 0.82 0.61 0.09 0.62 044 075 <0.001
Amygdala L 0.72 0.08 0.74 042 0.79 0.65 0.11 0.68 0.46 0.80 0.038
Amygdala T 1.34 0.15 1.28 0.92 1.56 1.27 0.18 1.33 0.97 147 <0.001
Accumbens T 0.18 0.05 0.19 0.11  0.28 0.27 0.09 0.26 0.16 0.55 0.005
Accumbens R 0.30 0.11 0.24 0.06 0.46 0.26 0.10 0.27 0.08 041 0.556
Accumbens L 0.48 0.14 0.47 0.17  0.65 0.46 0.20 0.51 0.09 0.78 0.468
GMR 608.40 137.74 546.85 497.25 1057.35 563.94 66.32 552.16 471.60 669.91 0.985
GMT 303.18 67.52 27448 248.69 52520 279.40 34.24 275.62 232.49 334.10 0.060
GML 305.1 70.23 272.52 248.56 532.15 284.85 32.39 279.78 239.22 336.12 0.867

R =Right, L = Left, T = Total, HG = Healthy Group, PD = Primary dismenorrea, GM = Gray matter, SD = standard deviation,

Min = minimum, Max = maximum

sitive and 59.3% specific for the diagnosis of PD. On
the other hand, if the nucleus acumbens volume is
below 0.23 cm3, the diagnosis of PD is 76.1% sensi-
tive and 80.5% specific (Fig. 2).

DISCUSSION

This study reveals brain morphological changes such
as GM volumes in women suffering from PD in com-

parison with healthy female patients. There are signif-
icant changes in GM volumes in patients with PD, and
it has decreased compared to healthy women. Espe-
cially the caudat nucleus volume being above 6.33
cm3 has a high specificity and sensitivity for the di-
agnosis of PD. These findings show that spontaneous
cyclic recurrent pain such as PD can be explained by
quantitative measurements of macroscopic brain struc-
tures.

The relationship between the hippocampus and
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Table 3. Gray matter volumes validity results

AUC p value Cut-off Sensitivity Specificity
Caudate R 0.883 <0.001 3.16 90.3 77.9
Caudate L 0.872 <0.001 3.26 85.8 77.9
Caudate T 0.890 <0.001 6.33 99.1 77.9
Putamen R 0.794 <0.001 4.11 86.7 61.9
Putamen L 0.807 <0.001 3.85 81.4 67.3
Putamen T 0.741 <0.001 8.06 81.4 46.0
Thalamus R 0.817 <0.001 4.65 80.5 83.2
Thalamus L 0.688 <0.001 5.21 81.4 67.3
Thalamus T 0.747 <0.001 10.08 81.4 67.3
Globus Pallidus R 0.819 <0.001 0.95 86.7 68.1
Globus Pallidus L 0.833 <0.001 0.89 86.7 59.3
Globus Pallidus T 0.852 <0.001 1.85 86.7 59.3
Accumbens T 0.770 <0.001 0.23 76.1 80.5

R =Right, L = Left, T = Total, AUC = Area Under the ROC Curve

chronic processes such as depression, post-traumatic
stress disorder, and chronic back pain has been inves-
tigated and it has been reported that the hippocampus
plays a role in the underlying mechanisms [12). MRI
has been used to evaluate the correlation of hippocam-

pal structural volume in pathologies characterized by
chronic headache that previously occurred with cycli-
cal triggers such as migraine [22]. In addition, in the
studies conducted by Liu and Chen [12] in patients
suffering from episodic migraine, it was reported that

ROC Curve
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Fig. 2. ROC analysis chart and AUC values by regions. ROC = Receiver Operating Characteristic, AUC = Area Under the

ROC Curve
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the hippocampal volume was higher than in healthy
groups. It is known that the thalamus transmits periph-
eral nociceptive stimulation to the necessary areas in
the brain for sensory separation [23]. Macroscopic
GM changes may also be associated with changes in
spinal synapse density, changes in cell size, and
changes in interstitial fluid and blood flow [24]. Con-
sidering this, it can be thought that the peripheral
cyclic nociceptive stimulation in the thalamus tries to
reduce the effect due to the menstrual cycle by rear-
ranging and therefore, it undergoes volumetric
changes adaptively. In this study, supporting these data
in female patients suffering from cyclically occurring
chronic pelvic pain, the hippocampus, bilateral puta-
men and caudate nucleus volumes of women suffering
from cyclic pain have changed and their removal has
decreased, unlike the studies. This may be a result of
constant exposure to hormonal cyclic changes. Con-
sistent with these studies, thalamus and hippocampus
volumes were decreased in patients suffering from
chronic pain such as primary dysmenorrhea. This data
supports that volume changes in these regions in pa-
tients with PD also play a role in the patient clinic. In
addition, the determination of volume cut-off values
that can be evaluated in predicting the diagnosis of PD
in the described areas with increased volume is also
very important. Measuring the volume of these struc-
tures in female patients of reproductive age who ad-
mitted to neurology outpatient clinics with headache
complaints without knowing the diagnosis and clinic
of PD can also be a guide for diagnosis and may allow
women to be directed for correct treatment and diag-
nosis. Morover these study results helps to distinguish
between PD and other gynecological and non-gyne-
cological syndromes that cause chronic pelvic pain ac-
companied by underlying pathologies.

In female patients suffering from episodic mi-
graine, connections were discovered in the hippocam-
pus, bilateral insula, right amygdala, bilateral putamen
and caudate nucleus pain-related regions in the healthy
female group compared to the patient female group
[25]. PD, just like migraine, can be considered as a
chronic disease with episodic features but limited to
the menstrual phase [26].

Strengths of this study; the study was planned as
a case control and the volume of all GM area which
were thought to contribute to the formation and trans-

mission of pain was measured for both the right and
left brain lobes, and the necessary analyzes were made
to determine the diagnostic value and the volume val-
ues with high sensitivity and specificity were deter-
mined. In addition, it was calculated using an easily
accessible automatic software program for volume
analysis. In many previous studies, it has been shown
that the VB program performs volume measurement
accurately and quickly [27].

Limitations

Our study has some limitations. First of all, the
study was conducted in a single center and volumetric
brain parenchymal changes that may be due to factors
such as race and origin were not taken into considera-
tion. In addition, in patients with PD who participated
in the study, MRI scans were performed only in the
periovulatory phase. Further studies including the
menstrual phase can be performed for morphological
evaluations related to this cyclic pain.

CONCLUSION

The results of this study show that atrophic changes
in the medial GM structures in the brain in women
with PD may cause hyperalgesia and the quantitative
determination of these morphological changes may
play an important role in the diagnosis of PD. In order
to generalize the results of the study to the population,
studies with larger patient populations are needed.
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ABSTRACT

Objectives: Degenerative lumbar spinal stenosis (DLSS) is the leading cause of pain, disability, and loss of
independence in older adults. In this study, the relationship between DLSS and paravertebral muscle thickness
and density was investigated using computed tomography (CT) and magnetic resonance imaging (MRI)
methods. Thus, the importance of muscles has been examined to take precautions in the name of preventive
medicine.

Methods: This study was planned as a cross-sectional study. The patient group (n = 77) who had surgery for
DLSS and the control group (n = 77) were examined. A total of 154 participants (55 females and 22 males in
each group) were evaluated retrospectively in terms of cross-sectional area (CSA) and density in the psoas,
erector spina and multifidus muscles. In both groups age, gender and body mass index values equalized.
Measurements was averaged from the mid-lumbar 3 level from both sides and multi-points.

Results: There was no significant difference between muscle thicknesses (p > 0.05). When evaluated in terms
of muscle densities, a significant difference was found between the patient and the control group in terms of
psoas muscle (p < 0.05). Likewise, there is the same relationship between erector spinae muscle density and
multifidus muscle density (p < 0.05).

Conclusions: Roughly no difference was found between the patient and control groups in terms of CSA of the
psoas, erector spinae and multifidus muscles, but it was observed that the muscle density, especially in the
multifidus, decreased significantly in the patients. Our results suggest that paravertebral muscle density
assessment is an important criterion in disease prediction and can inform preventive treatment.

Keywords: Paravertebral muscle quality, degenerative lumbar spinal stenosis, preventive medicine, literature
review

Paraspinal muscles are the most important structure
in maintaining stability and function of the lumbar
vertebra [1]. The lumbar spine is inherently unstable,
and its stability depends on the integrated function of
active, passive, and neural subsystems [1]. Degenera-
tive lumbar spinal stenosis (DLSS) is an age-related

chronic disease [2, 3]. It progresses with the degrada-
tion of 3 joint complexes and ligamentum flavum hy-
pertrophy [2, 4]. Spinal instability plays an important
role in DLSS [5].

The density and cross-sectional area (CSA) of the
paraspinal muscle are known to vary with age, sex,
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and weight [6]. Literature suggests that these muscles
have smaller CSA in patients with chronic back pain
than in similarly aged healthy individuals [7]. Muscle
CSA and density are believed to reflect the perform-
ance of individuals. Muscle status information such as
density and CSA can be obtained using non-invasive
medical imaging techniques that offer high repro-
ducibility [8]. Magnetic resonance imaging (MRI) and
computed tomography (CT) have been used to meas-
ure CSA and the rate of muscle degeneration in pa-
tients with muscular diseases [9].

Although several studies have been published on
the importance of paravertebral muscle quality, con-
sensus on the subject does not exist; furthermore, most
studies have several inadequacies [7, 10-18]. Analyz-
ing the shortcomings of these studies, we took the sub-
ject again with a new model.

In this study, the association between DLSS and
paravertebral muscle thickness and density was inves-
tigated using CT and MRI methods. Thus, the impor-
tance of muscles has been examined to take
precautions. We believe that the results of our study
will help design medical strategies to prevent DLSS
onset and progression.

METHODS

This study recruited participants into 2 groups. For the
first (DLSS) group, patients visiting the Cumhuriyet

University Medical Faculty Hospital who were eval-
uated for spinal stenosis between January 1, 2015, and
December 30, 2019, were included. These patients
were referred to lumbar MR imaging and CT scans
given their symptoms of spinal stenosis, and they re-
ceived surgical treatment after imaging. Inclusion cri-
teria were reduction in the CSA of the lumbar spinal
canal ( < 100 mm?) in at least 1 level with concurrent
symptoms associated with spinal stenosis (intermittent
claudication, and radicular pain) [19]. In addition, im-
ages of the patients in the first group were taken at
least at 6 months and at most at 5 years after surgery.
For the second (control) group, the same number of
asymptomatic male and female of similar body mass
indices (BMI) (£ 5) and age who had undergone lum-
bar MR and CT scans for other reasons and did not
have lumbar stenosis, were enrolled at the same time
frame and same institution. Exclusion criteria included
congenital stenosis, traumatic fractures, spondylolysis,
spinal tumors, Paget disease, long-term steroid ther-
apy, renal colic, and scoliosis of > 10 degrees [20].
Lumbar MR and CT images of the patients archived
on Picture Archiving and Communication Systems
(PACS) were screened. Measurements were made by
author using the Sisoft imaging program used at our
hospital. Random and blind consistency control was
performed by 2 separate neurosurgeons.

The density and CSA of the psoas, erector spine,
and multifidus muscles were measured at the mid-
lumbar (L) 3 level [20, 21]. The muscles to be inves-

Fig. 1. Density measurement with Hounsfield units from com-
puted tomography using 3 random points from each muscle.

Fig. 2. The cross-sectional area measurement of the psoas,
multifidus, and erector spinae muscles.
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tigated at this level are at their widest and the most ap-
propriate level in terms of separating the erector spinae
from the multifidus [20, 21]. In addition, all the images
were obtained with the patient in the supine position
and feet stretched out. No contrast was used.

The density of the psoas, multifidus and erector
spinae muscles were measured in Hounsfield units
(HU) using CT combined with MRI to obtain clearer
separation. The density value for each side was calcu-
lated as the average density from 3 random regions.
Then, the final muscle density was calculated as the
mean of the densities of the right and left muscles (Fig.
1).

The CSA of the psoas, multifidus and erector
spinae muscles were measured from the fascia border
using MRI on both sides separately. Then average val-
ues were calculated for the right and left muscles (Fig.
2).

An informed consent form for lumbar spine sur-
gery was obtained from each of the patients in the cur-
rent National Brain and Nerve Surgery Association
consent form list, and written consents were obtained
from outpatient clinic applications which clearly stated
that the data could be used within ethical limits. The
signed consents are in the file archive of Cumhuriyet
University Faculty of Medicine. Ethical approval for
the study was obtained with the decision numbered
2020-08/18 of the non-interventional ethics committee
of Cumhuriyet University, where I worked on the
specified dates.

Statistical Analysis

The sample size of this study was based on the sta-
tistical power analysis. Descriptive statistics (arith-
metic mean, standard deviation, minimum-maximum
and median values) and frequency distributions of the
study data were obtained. Statistical analyses were
performed using SPSS program (version 22.0). If the
data provided parametric test assumptions for evalua-
tion (data obtained by interval, ratio scale, normal dis-
tribution), a t-test for two groups (independent,
conjugate); when not fulfilled (Kolmogorov-Smirnov)
a Mann-Whitney U test and a chi-squared test used.
Chi-squared exact test was used to determine the chi-
squared value of Fisher’s exact test Monte Carlo
model. A p - value of < 0.05 was considered statisti-
cally significant.

RESULTS

The study included 154 participants (77 patients, 77
controls). Of total, 110 (71.42%) were females and 44
(28.58%) were males. Both the patient and control
groups had 22 males and 55 females. In order to rule
out the effect of age on the muscles, control group pa-
tients were selected as the same ages as the DLSS
patents. The mean age of the females was 58.6 years
(range: 27-80 years; median: 59 years) and that of the
males was 63 years (range: 34-80 years; median: 64
years), respectively. The mean age across both the pa-
tient and control groups was 59.8 years. We did not
match the number of females and males to avoid fur-
ther reducing the sample size. Furthermore, the statis-
tical analyses were conducted separately for the males
and females to eliminate the effect of the differences
in age and sex (Table 1).

Weight also affects muscle properties. To elimi-
nate the effect of weight on the study results, we se-
lected patients with similar (= 5 units) BMI in both
groups. In this respect the mean BMI among the fe-
male patients with stenosis was 31.45 kg/m? (median:
31 kg/m?; range: 24-43 kg/m?; standard deviation: 4.68

Table 1. Patient and control group age descriptive
statistics

Variables Value
Age*  Female  Mean 58.6
Median 59
Minimum 27
Maximum 80
Standard deviation 12.7
Male Mean 63
Median 64
Minimum 34
Maximum 80
Standard deviation 10.9
Total Mean 59.8
Median 63
Minimum 27
Maximum 80
Standard deviation 12.3

*Patient and control group ages were equal, and 55 females 22
males were found in both groups
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Table 2. Patient and control group body mass index descriptive statistics

Variables Female Male Total
*Weight Patient group Mean 31.45 29 30
Median 31 29 30
Minimum 24 22 22
Maximum 43 35 43
Standarddeviation 4.68 3.39 4.46
Controlgoup Mean 313 29 30
Median 31 30 31
Minimum 20 21 20
Maximum 44 38 44
Standarddeviation 5.79 5.36 5.72

*Body mass index, There is no statistical difference in weight between the patient and control groups (p > 0.05)

years). Among the female controls, the mean BMI was
31.3 kg/m? (median: 31 kg/m?; range: 20—44 kg/m?;
standard deviation: 5.79 kg/m?). Among the men with
stenosis, the mean BMI was 29 kg/m? (median: 29
kg/m?; range: 22-35 kg/m?; standard deviation: 3.39
kg/m?). Among the male controls, the mean BMI was
29 kg/m? (median: 30 kg/m?; range: 21-38 kg/m?, stan-
dard deviation: 5.36 kg/m?). The mean BMI of all pa-
tients with stenosis was 30 kg/m? (median: 30 kg/m?;
range: 22-43 kg/m?; standard deviation: 4.46 kg/m?),
the mean BMI of the entire control group was 30
kg/m? (median: 31 kg/m?; range: 20-44; standard de-
viation: 5.72 kg/m?). No significant difference in BMI
was found between the stenosis and control groups
(males, females, and total participants; p > 0.05). Thus,
the variables that could affect muscle thickness and
density were eliminated (Table 2).

When we made statistical analysis between psoas
muscle thicknesses, there was no significant difference
between the males and females and the all participants
between the patient and control groups (p > 0.05). A
significant difference was found between the thickness
of the erector spinae in females (p < 0.05). No differ-
ence was found in males (p > 0.05). When evaluated
as the all participants, a significant difference was
found due to excess number of females (p < 0.05). On
the other hand, when the number is ignored, the rela-
tionship gets weaker. There was no difference between
the thickness of the multifidus muscle amongst the pa-
tient and control groups in both females, males, and

the total participants (p > 0.05) (Table 3) (see Table
5).

On comparing muscle densities, a significant differ-
ence was found between the patient and the control
group in terms of psoas muscle in females, males, and
in the total participants (p < 0.05). Likewise, there is
the same relationship between erector spinae muscle
density and multifidus muscle density (p < 0.05)
(Table 4) (see Table 5). All values of the patients and
control groups are reported in the table with the sta-
tistical results (Table 5).

DISCUSSION

DLSS is a common disease of the lumbar spine among
the elderly [22]. Degenerative changes in the interver-
tebral disc ligamentum flavum and facet joints cause
stenosis in the spinal canal and neural foramen [3].
Clinical manifestations of DLSS are low back and leg
pain [3]. Neurogenic claudication is characteristic of
DLSS [3]. DLSS is the leading cause of pain, disabil-
ity, and loss of independence in elderly patients [23].
Given the aging population, the prevalence, and eco-
nomic burden of DLSS is increasing exponentially
[23]. Hence, understanding its etiology is important.
Preventive medicine inhibits all treatment and job loss
related costs as well as increases the life quality of the
population.

There are limited number of studies with low sam-
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Table 3. Paravertebral muscle cross-sectional area descriptive statistics.
Variables Female Male Total
Psoas cross-sectional area* Patient group ~ Mean 587.4 957.2 693
Median 583 941 640
Minimum 299 264 264
Maximum 935 1841 1841
Standard deviation 22.1 341.8 282.5
Control group  Mean 651.6 947 710.3
Median 628 892 657
Minimum 283 605 283
Maximum 1052 1613 1613
Standard deviation 22.8 268.2 251.1
Erector spinae cross-sectional area Patient group ~ Mean 1391.5 1719.5 1485.2
Median 1396 1641.5 1419
Minimum 646 479 479
Maximum 2667 2769 2769
Standard deviation 59.5 539.1 490.4
Control group  Average 1643.9 1777.9 1682.2
Mean 1651 1743 1660
Minimum 109 854 109
Maximum 2478 2881 2881
Standard deviation 55.3 482.2 433.2
Multifidus cross-sectional area Patient group ~ Mean 435.6 538.9 465.1
Median 389 439,5 420
Minimum 123 197 123
Maximum 1014 1709 1709
Standard deviation 26.2 320.9 239.8
Control group  Mean 471 509.9 482.6
Median 446 492,5 469
Minimum 176 320 176
Maximum 943 891 943
Standard deviation 18.1 149.9 139.2

*mm

ple size about the effect of muscles on the etiology of
DLSS [7, 10-18]. Results of these studies are incon-
sistent [7, 10-18]. In comparison, our study is one of
the few studies with the highest sample. In addition,
variables that affect muscle quality, such as age,
weight, gender, and socioeconomic characteristics,
which were not present in other studies, were analyzed

by equalizing on the base parameters of patients, not
by regression analysis. Furthermore, to eliminate pa-
tient, position and device related artefacts, bilateral
and multi-point measurements were made, and the av-
erage values used for analyses, and all analyses were
performed with the same software. These measures
lend robustness to our results (Figs. 1 and 2).
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Table 4. Paravertebral muscle density descriptive statistics

Variables

Psoas density*

Erector spinae density

Multifidus density

Patient group

Control group

Patient group

Control group

Patient group

Control group

Female Male Total
Mean 46 51.2 47.5
Median 45 52 48
Minimum 22 35 22
Maximum 87 60 87
Standard deviation 1.4 5.4 9.5
Mean 85 97,3 89
Median 90 101 95
Minimum 41 69 41
Maximum 109 120 120
Standard deviation 2.5 14.6 18.4
Mean 40.7 46.6 42.4
Median 42 47 43
Minimum 19 32 19
Maximum 62 57 62
Standard deviation 1.1 7 8.6
Mean 63 74.8 66.4
Median 63 80 65
Minimum 22 31 22
Maximum 101 118 118
Standard deviation 2.5 26.7 22
Mean 30.2 43 33.9
Median 31 44,5 35
Minimum 10 22 10
Maximum 54 55 55
Standard deviation 1.4 8.4 11.8
Mean 47.8 55.6 50.1
Median 41 52,5 45
Minimum 20 33 20
Maximum 103 94 103
Standard deviation 2.7 19.3 20

*Hounsfield units

As far as we understand from the data, there is no
gender-related change among CSA of muscles be-
tween the groups, except for erector spinae thickness.
This could be attributed to the larger number of female
participants in the study. However, statistical signifi-
cance is maintained when considering the averages
even if the difference is reduced. Higher density of this
muscle in men, in addition to its being the thickest

muscle among the muscle groups, could be the likely
reason for this observation. However, no effect of
muscle thickness on DLSS was seen in the general
population. Spinal instability has been described by
Pope and Panjabi [24] as a mechanical phenomenon
associated with a loss of rigidity. Paraspinal muscles
play an important role in lumbar spine dynamics [25].
The multifidus muscles are the deep muscle group re-
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Table 5. Final results between patient and control groups
Variables Psoas cross- Erector Multifidus Psoas Erector Multifidus

sectional spinae cross- Cross- density** spinae density**

area* sectional sectional density**
area*® area*®

Female p>0.05 p <0.05 p>0.05 p <0.05 p <0.05 p<0.05
Male p>0.05 p>0.05 p>0.05 p <0.05 p <0.05 p<0.05
Total p>0.05 p <0.05 p>0.05 p <0.05 p <0.05 p <0.05

*mm?, **Hounsfield units

sponsible for spinal extension, rotation, and stabiliza-
tion [25]. It spreads over three joint segments and
works to stabilize the spine [25]. Thus, it enables each
vertebra to work more effectively and reduces the de-
generation of joint structures [25]. The erector spinae
muscle group is responsible for spinal hyperextension,
rotation, and lateral flexion [25]. The psoas muscle is
main flexor relative to the hip joint. While this muscle
acts as the spine extensor in the lumbar area, it func-
tions as an active postural muscle for the body [25].
These three muscles have different functions in stabi-
lizing the lumbar spine. Although some studies have
reported results that are in line with our findings, some
have presented differing results, particularly with re-
gard to erector spinae and multifidus thickness [7, 10-
18]. This could primarily be attributed to factors
affecting muscles not being well identified; however,
basis our study results, muscle volume is not important
to DLSS development. Regarding muscle density,
however, significant differences were seen between
patients with DLSS and healthy controls in each mus-
cle group in both women and men. Although the mul-
tifidus muscle volume does not change after surgery,
the muscle fibers lose their density and show fatty
changes and fibrosis becomes highly evident. This re-
sult was thought to be since the multifidus muscle is
the main muscle that controls spinal movement and
contributes to most of the spinal stability [26]. Erector
spinae is less affected by surgery. Although the psoas
muscle was essentially untouched by the surgeon, the
density change highlights the importance of muscle
quality change in degenerative processes. This differ-
ence in density after surgery signifies the importance
of muscle quality in degenerative processes more ob-
jectively than other muscles even if the psoas muscle

is the least affected. Most previous studies attributed
the decrease in density to denervation and muscle dis-
use in patients with a degenerative spine [27, 28].
Abbas et al. [20] suggested that muscle hypertrophy
seen at higher levels is a response to degeneration at
lower levels, which is more common. Although the
same level was examined in our study, the opposite re-
sult was observed. Similar to the study by Abbas et al.
[20], our study had more patients with DLSS at lower
levels; however, we only examined patients who re-
ceived surgical treatment. Although some of our pa-
tients had degeneration at the L3 level, most of them
had degeneration at lower levels. However, no signif-
icant effect of surgery on muscle volume underlines
the importance of muscle density. In addition, our fol-
low-up of the patients within 6 months to 5 years after
surgery suggests that we may have ruled out reflex hy-
pertrophy that could occur in the first stage and that
we examined patients in the late stage of the disease.
It was thought that the results of some studies contrary
to our article were because of examinations were con-
ducted according to either radiological or clinical cri-
teria as well as low back pain rather than as a stenosis
patient who had undergone surgery [7, 10-18]. In the
end, it was the factors that could affect muscle quality
were not ruled out properly in the selection of patients.
Our data firmly supports this.

DLSS is an important health problem today and,
given the aging population, increasing exponentially.
As can be understood from all these data, the quality
of paravertebral muscles plays a key role in the etiol-
ogy of DLSS. We think the results in this study will
shed light on preventing the occurrence of DLSS. It is
a known fact that long-term problems such as adjacent
segment disease and the need for reoperation after nar-
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row canal surgery are common and do not definitively
cure DLSS [29]. It is observed that although the sur-
gery provides short-term decompression of the spinal
nerves the decrease in the quality of the erector spinae
and psoas muscle that is not intervened, especially in
the multifidus muscle that is intervened by surgery,
does not affect the progression of the DLSS in the long
term. It has also been proven by our data that post-sur-
gical compensation mechanisms are not sufficient.
Being alert about the low paravertebral muscle density
we see in our patients followed up with stenosis and
taking early precautions is the best treatment option in
DLSS. Early awareness and rehabilitation maintain
muscle quality as well as provide preventive medicine.
There is a also need for studies related to the long-term
rehabilitation follow-up of patients with DLSS.

Limitations

To mention the limitations, we saw in our study,
although no patients in our study engaged in sport,
daily activities differed among patients. Different
races have not been studied. In order to make a more
ideal evaluation, it would be appropriate if the number
of men and women were equal, but in terms of not lim-
iting the number of cases, the case and control group
gender equality were provided, and situation was
taken into consideration in the evaluation and statisti-
cal analysis. Lastly, although our study had one of the
largest sample sizes compared to studies on this topic,
further research with larger groups and multi-center
designs are needed.

CONCLUSION

In this study, the relationship between DLSS and par-
avertebral muscle thickness and density was investi-
gated using CT and MR imaging methods. No
significant difference was found between the patient
and control groups regarding CSA of the psoas, erector
spinae, and multifidus muscles; however, the patients
with DLSS had significantly lower muscle density,
particularly in the multifidus muscle. Considering the
prevalence and economic burden of DLSS and given
their exponential increase owing to population aging,
preventive treatment is critical. Our results suggest
that paravertebral muscle density assessment is an im-

portant criterion in disease prediction and can inform
preventive treatment. The importance of the study was
explained by making an appropriate literature compar-
ison.
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ABSTRACT

Objectives: The aim of this study is to assess the effect of needle size in pediatric percutaneous nephrostomy
(PN) placement in terms of complications and success rates.

Methods: Seventy one percutaneous nephrostomies were performed in 51 patients aged 1 month to 18 years
(mean 6.03 + 5.88 years) between May 2012 and March 2020. Demographic data, indication for PN placement,
puncture technique (calyceal entry level: upper, middle, lower pole or pelvis) and needle size, anesthesia type
(general or local anesthesia), duration of catheter use and complications were retrospectively retrieved from
the hospital electronic recording system.

Results: Thirty procedures were performed using a 21 gauge needle and 41 procedures using a 18 gauge needle.
There was no statistically significant difference between the two groups in terms of age, gender, degree of
hydronephrosis, and calyceal entry level. Technical success and complication rates were similar in two groups
(p =0.423).

Conclusions: In the pediatric age group, both 18 and 21 gauge needle techniques can be used safely based on
the preference of the interventionalist.

Keywords: Pediatric patient, percutaneous nephrostomy, 18 gauge needle, 21 gauge needle

ercutaneous nephrostomy (PN) is a widely used

method for urinary diversion. It has been widely
performed in adults after its initial description by
Goodwin et al. in 1955 [1]. In the pediatric population,
it has been started to be performed in the 1980s and
continues to be widely used today [1].

In pediatric patients, PN is most often performed

in urinary obstruction due to congenital causes or com-
pression by mass lesions. PN can be applied temporar-
ily to preserve kidney function until definitive
treatment [2-5]. PN can also be used for functional as-
sessment in hydronephrotic kidneys, temporary uri-
nary diversion in obstructive uropathies or as a bridge
to more complex interventions [5, 6].
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Needle size selection in pediatric percutaneous nephrostomy

PN has a certain different aspects in pediatric pa-
tients compared to adults. The procedure is mostly per-
formed under general anesthesia in pediatric patients
due to limited cooperation. The close proximity of the
kidney to the skin in children makes it easier to access
the pelvicalyceal system, however, in newborns, mo-
bility of kidney hinders tract dilatation over small
wires [7].

PN in both adult and pediatric patients is usually
performed under ultrasonography (US) and fluo-
roscopy guidance. US-guided thick (18 Gauge) or fine
(21 Gauge) needles can be used to access the pelvica-
lyceal system. The use of a larger gauge size is the eas-
iest approach in large collector systems [7]. Increased
renal parenchyma stiffness in non-dilated collecting
systems makes the fine needle method easier [5].

Our aim in this study is to assess the effect of nee-
dle size in pediatric PN placement in terms of compli-
cations and success rates.

METHODS

The Institutional Review Board approved the study
protocol. Due to the retrospective and anonymous na-
ture of this study, informed consent was waived. Be-
tween May 2012 and March 2020, 51 patients
underwent PN in our interventional radiology depart-
ment. Patient data were evaluated retrospectively. De-
mographic data, indications for PN, puncture
technique (calyceal entry level: upper, middle, lower
pole or pelvis) and needle size, size of catheter placed,
anesthesia type (general or local anesthesia), duration
of catheter use and complications were recorded.
Placement of an appropriately sized catheter to ensure
adequate drainage was considered as technical success
[6].

The degree of hydronephrosis was assessed based
on the US examinations obtained prior to the proce-
dure. Hydronephrosis grading was performed accord-
ing to the Society for Fetal Urology guidelines: Grade
0, no expansion; grade 1, slight enlargement of the
pelvis without enlargement in calyxes; grade 2, en-
largement of the pelvis and major calyxes; grade 3,
grade 2 without parenchymal changes and enlarge-
ment of minor calyxes; grade 4, grade 3 and thinning
in the parenchyma [8].

All patients’ parents were informed in detail about

the procedure and consent was obtained for each pro-
cedure. Complete blood count and coagulation param-
eters (International normalized ratio [INR] < 1.5 and
Platelet count > 50,000/uL) were checked prior to pro-
cedures. All patients received 25 mg/kg ampicillin one
hour before the procedure as prophylaxis. PN proce-
dure was performed under local or general anesthesia.
The 18 and 21 gauge needle selection was made based
on the preference of interventionalists.

Fine Needle Technique (21 Gauge)

A 21 gauge fine needle was used to access the kid-
ney collecting system under US guidance and usually
preferred lower pole calyx. The collecting system was
opacified by injecting contrast material through the
needle. If calyceal access was achieved, 0.018” mi-
crowire was sent through the needle, and a 6F coaxial
access was advanced over the wire. In the second
stage, a 0.035” or 0.038” thicker guidewire with a stiff
body was placed. Gradually the entry tract was dilated
over this wire with dilators of appropriate diameter for
nephrostomy catheter placement.

Thick Needle Technique (18 Gauge)

An 18 gauge needle was inserted under US guid-
ance into the collecting system usually from a lower
point by targetting the lower pole of the kidney. The
collecting system was opacified by injecting contrast
material from the needle. The needle was removed
after inserting a guidewire with a diameter of 0.035"
or 0.038". The nephrostomy catheter was placed
through the wire by dilating the entrance tract accord-
ing to the diameter of the catheter.

Statistical Analysis

Shapiro-Wilk test was used to check the normal
distribution of the data. Descriptive statistics were ex-
pressed as mean + standard deviation or median (min-
imum-maximum) for continuous variables and
frequency for categorical data. For non-normally dis-
tributed data, Mann Whitney U test was used for two-
group comparisons. Pearson Chi-square test and
Fisher's exact Chi-square test were used for the analy-
sis of categorical data. Duration of catheter use with-
out complications was estimated by considering the
time until a complication occurs based on Kaplan
Meier analysis. The significance level was determined
to be a = 0.05. Statistical analysis was performed
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using IBM SPSS 23.0 (IBM Corp. Released 2015.
IBM SPSS Statistics for Windows, Version 23.0. Ar-
monk, NY: IBM Corp.)

RESULTS

A total of 71 PN procedures were performed in 51 pa-
tients (32 boys, 19 girls). Mean age was 1 month-18
years (mean 6.03 + 5.88 years). Fine needle technique
was used in 30 procedures, and thick needle technique
was used in 41 procedures. Fifty-nine procedures were
performed under general anesthesia and 12 procedures
were performed under local anesthesia. Seventy pro-
cedures (70/71; 98.6%) were technically successful.
The most common indication for catheter placement
was ureteropelvic junction (UPJ) stenosis (13/71;
18.3%). Other PN placement indications are given in
Tables 1 and 2.

Table 1. Patient demographic data and PN
indications

N =51
6.03 +5.88

Patient characteristics

Age
Gender
Male 32
Female 19
Indications
UPIJ stenosis
Postoperative anastomotic strictures
UV stenosis

Obstruction due to urinary stone

—_
—_

Obstruction due to mass compression
Neurogenic bladder

Vesicoureteral reflux

PUV

Ureteral injury

— N N W W WL o o

Urinary fistula to the skin

—

Urinary trauma

Descriptive statistics are specified as mean, standard
deviation, minimum and maximum for quantitative data;
frequency for qualitative data.

UPJ = Ureteropelvic junction, UVJ = Ureterovesical junction,
PUV = Posterior urethral valve, PN = Percutaneous
nephrostomy

The mean duration of catheter dwell time was 34.3
+ 32.9 (1-148) days. Other data related to the proce-
dures are given in detail in Table 2.
There was no statistically significant difference be-

Table 2. Procedural data

Procedure data n=71
Anesthesia type
Local 12
General 59
Technical success
Successful 70
Failure 1
Indication
UP]J stenosis 13
Postoperative anastomotic strictures 11
UV stenosis 9
Obstruction due to urinary stone 8
Obstruction due to mass compression 8
Neurogenic bladder 5
Vesicoureteral reflux 5
PUV 5
Ureteral injury 5
Urinary fistula to the skin 1
Urinary trauma 1
Hydronephrosis
Absent
Grade 1
Grade 2 16
Grade 3 37
Grade 4 13
Level of entry
Upper pole 4
Middle pole 22
Lower pole 30
Pelvis 15
Duration of catheter use 34(13 _li 438§-9
Descriptive statistics are specified as mean, standard

deviation, minimum and maximum for quantitative data;
frequency for qualitative data.

UPJ = Ureteropelvic junction, UV] = Ureterovesical junction,
PUV = Posterior urethral valve
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Table 3. Statistical comparisons of procedures with fine and thick needle methods

Procedure Data Fine Needle Thick Needle p value
(n=30) (n=41)
Age(years) 4.5(0.1-18.0) 6.0(0.1-17.0) 0.766"
Gender
Male 22 21 0.060*
Female 8 20
Type of anesthesia
Local anesthesia 8 4 0.060°
General anesthesia 22 37

Technical success

Successful 29 41 0.423°
Unsuccessful 1 0
Hydronephrosis
Absent 5 0 0.063°
Grade 1 0 0
Grade 2 6 10
Grade 3 14 23
Grade 4 5 8
Level of entry
Upper pole 2 2 0.098°
Middle pole 8 14
Lower pole 17 13
Pelvis 3 12
Indication
UPJ stenosis 7 6 0.141°
Postoperative anastomotic strictures 5 6
UV stenosis 3 6
Obstruction due to urinary stone 2 6
Obstruction due to mass compression 3 5
Neurogenic bladder 2 3
Vesicoureteral reflux 0 5
PUV 5 0
Ureteral injury 2 3
Urinary fistula to the skin 1 0
Urinary trauma 0 1

Descriptive statistics are specified as mean, standard deviation, minimum and maximum for quantitative data; frequency for
qualitative data.

"Mann Whitney U test

2Pearson Chi-Square test

3Fisher's exact chi-square test

UPJ = Ureteropelvic junction, UVJ = Ureterovesical junction, PUV = Posterior urethral valve

514



Eur Res J 2023;9(3):511-516

Nas et al

tween the two groups in terms of age, gender, degree
of hydronephrosis, and calyceal entry levels (Table 3).
There was no statistically significant difference in
technical success rate between the two techniques (p
=0.423).

No major complications were encountered. Minor
complications were seen in 13 procedures: Dislocation
(7 procedures), leakage (4 procedures), infection (1
procedure), and obstruction (1 procedure). Apart from
these, 6 patients had temporary hematuria, and these
patients recovered without additional treatment or in-
tervention.

Based on Kaplan Meier analysis, the mean dura-
tion of the catheter use without complications was 95
+ 15.9 days. No complications occurred in 82.7% of
patients at the end of the first month, and 51.4% of pa-
tients at the end of 3 months (Fig. 1).

DISCUSSION

PN is a frequently performed procedure since it can
be applied easily, quickly, and safely. However, in the
pediatric age group, especially in newborns and in-
fants, the procedure can be technically challenging
when compared to adults or the rest of pediatric pa-
tients [5]. The kidney is mobile in newborns and in-
fants, making it difficult to perform tract dilation [7].
In addition, smaller kidney sizes compared to adults
and older children poses technical difficulties. Gener-
ally, two methods are used to access the renal calyx in
interventions performed with a combination of US and
fluoroscopy guidance. The fine needle method, is gen-
erally more widely preferred by physicians [7]. Espe-

Survival Function

—1Survival Function
I~ Censored

08 1w
06 =

04

Cum Survival

02

0o

0 200 40,0 60,0 80,0 1000 1200 1400

Complication Time (Day)

Fig. 1. The mean duration of the catheter use

cially in non-dilated systems, this method is more
preferable as there is less damage to the kidney. The
thick needle method is more widely adopted in pa-
tients with significant hydronephrosis and has the ad-
vantage of decreased procedure times [5].

Koral et al. [5] reported that the fine needle tech-
nique is advantageous in non-dilated systems and the
thick needle technique in patients with ureteropelvic
stenosis in their study on newborns and infants. They
also reported that the procedure time of thick needle
technique was statistically significantly shorter than
the fine needle method [5]. In our study, fine and thick
needle techniques were compared among groups that
had similar variables like age, indication, degree of
hydronephrosis, and calyceal entry level that may af-
fect the final technical. Statistically, both methods
were not different from each other in terms of techni-
cal success. We think that both methods can be
adapted in pediatric patients with different indications.

Temporary minor hematuria occurs in approxi-
mately 95% of cases and is not considered a compli-
cation [9]. Serious bleeding requiring transfusion has
been reported in 1-4% of patients [6]. In this study, we
did not encounter any patient with hematuria requiring
transfusion. Six patients had mild hematuria after the
procedure, and these patients recovered without need
for additional treatment.

Catheter dislocation poses a problem in young
children and infants because providing adequate care
in this age group can be challenging [10, 11]. In pre-
vious studies, the dislocation rate in the pediatric pop-
ulation has been reported between 1 and 14% [10-12].
In our study, the dislocation rate was (7/71; 10%). Pro-
viding adequate fixation and educating parents about
catheter care can help to prevent this complication.

In this study, urinary tract infection was encoun-
tered only in one patient. Procedure-related sepsis
rates have been reported as 0-5% in previous studies
[3, 4, 10, 13]. In this study, we did not have any pa-
tients progressing to sepsis.

A multicenter study by Shellikeri ef al. [14] done
in 441 pediatric patient groups reported that 75% of
patients in 37 days and 50% of patients in 89 days did
not develop any complications . In this study, no com-
plications developed in 82.7% of patients in the first
month and 51.4% of patients at the end of 3 months.
In both our study and the study by Shellikeri et al.
[14], approximately half of the patients developed
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complications after 3 months. Therefore, catheter re-
placement can be scheduled every 3 months.

Limitations

This study had some limitations including, a lim-
ited number of patients, heterogeneous distribution of
indications, and retrospective nature. Future studies
can be planned to compare the success rates of both
techniques in wider and more homogeneous patient
groups.

CONCLUSION

Percutaneous nephrostomy can be performed in the
pediatric population with low complication and high
success rate. Regardless of age, indication, degree of
hydronephrosis and entry level, fine and thick needle
techniques can be performed successfully based on the
preference of the interventionalist.
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ABSTRACT

Objectives: Laryngeal squamous cell carcinomas (LSCC) is one of the most common aggressive neoplasms
of the head and neck region. There is a significant need for identification of successful and accurate prognostic
markers to better estimate the clinical outcomes for LSCC patients. In this study, we aimed at analyzing the
differential expressions of inhibitor growth (/NG) family members and to evaluate the prognostic values of
deregulated /NG genes in LSCC.

Methods: We investigated the relative expressions of /NG genes in laryngeal tumor-normal tissue pairs at
mRNA level using quantitative real-time polymerase chain reaction and relative expression of /NG3 in the
protein level using Western Blot analysis.

Results: The rate of genetic alterations of /NG3 was relatively higher in head and neck cancers including
LSCC. ING3 expression was significantly upregulated in LSCC tissue samples at both mRNA and protein
level. Higher expression of ING3 was also correlated with poor disease-free survival of patients with head and
neck cancer.

Conclusions: Our findings assigned an oncogenic feature for /NG3 in laryngeal cancer with a significant
upregulation detected in advanced cases and suggested a vital prognostic potential for ING3.

Keywords: Larynx cancer, /NG gene family, oncogene, prognosis

Laryngeal squamous cell carcinomas (LSCC) is expressions of multiple tumor suppressor genes and
one of the most common aggressive neoplasms oncogenes, deregulation of vital signaling pathways
of the head and neck region, accounting for approxi- and defects of immune system are observed [2, 3]. De-
mately 85 to 90% of all malignant laryngeal tumors spite considerable advances have been achieved in ra-
[1]. Multiple factors including smoking, alcohol con- diotherapy, chemotherapy, adjuvant chemotherapies,
sumption, air pollution, diet, HPV infection, and radi- surgical treatment, and diagnosis techniques, approx-
ation are related to the occurrence of LSCC, which is imately 60% of patients with LSCC progress to ad-
a complex process where the imbalance between the vanced stages, who experience dyspnea, dysphagia,
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ING?3 as a potential marker for advanced LSCC

and dysphonia leading to significant reduction in the
quality of life [4, 5]. Invasion, lymphatic metastasis,
and tumor recurrence, which are observed along with
late diagnosis, are the main factors that contribute to
poor prognosis and high mortality rates in advanced
LSCC [6]. In addition, due to late diagnosis at ad-
vanced stages, the 5-year survival rates of LSCC pa-
tients remain poor that did not change over the last 30
years [7]. Therefore, there is a significant need for
identification of successful and accurate prognostic
markers to better estimate the clinical outcomes for
LSCC patients.

The human Inhibitor of Growth (ING) family
comprised of five conserved genes, INGI, ING?2,
ING3, ING4 and ING5, which share between 32% and
76% DNA sequence homology [8, 9]. Their encoded
proteins contain a highly conserved plant home-
odomain (PHD) in the C-terminal region, a Cys4-His-
Cys3 form of zinc finger that interacts directly with
histone H3, a nuclear localization signal (NLS) in the
middle region, and a novel conserved region (NCR)
with unknown function [10-12]. Previous studies
showed that ING proteins are involved in a wide vari-
ety of cellular processes including DNA repair, histone
methylation and acetylation, senescence, cell growth,
colony formation, apoptosis, cell cycle control, chro-
matin remodeling, and angiogenesis [9, 13, 14]. Mu-
tations and altered expressions of INGs have been
reported in different types of cancers including lung
cancer, osteosarcoma, oral squamous cell carcinoma,
breast cancer, prostate cancer, gastric cancer, colorec-
tal cancer, and laryngeal squamous cell carcinoma [15-
17].

ING3 gene, located on chromosome 7q31.3, is a
member of the /NG family, which consists of 12 exons
encoding a 46.8 kDa protein with 418 amino acids [ 14,
15, 18-20]. ING3 is a part of the NuA4-Tip60 MY ST-
HAT multi-subunit complex core unit, which also con-
tains EPC1, EAF6, and TIP60 as main participants,
that are responsible for the acetylation of histones H2A
and H4 [13, 21, 22]. So far, studies showed that ING3
acts as a type Il tumor suppressor as downregulated in
many types of cancer and play significant roles in
modulating transcription, cell cycle control, and apop-
tosis [23-25]. However, recent studies have reported
that /NG3 is highly expressed in rapidly proliferating
human tissues [22, 26]. In addition, in contrast to
tumor suppressor role, various studies have reported

that upregulation of ING3 stimulate cell proliferation,
tumor growth, and androgen receptor activation. High
ING3 levels also correlated with poor prognosis in
prostate cancer suggesting an oncogenic potential for
ING3 [26, 27]. Although ING3 has been reported to
be abnormally expressed in a number of cancer types,
the roles of ING3 in laryngeal carcinogenesis are
largely unknown. Therefore, we aimed at analyzing
the differential expressions of ING family members
and to evaluate the prognostic value of deregulated
ING3 in LSCC.

In this study, we assigned an oncogenic potential
for ING3 in laryngeal cancer with a significant upreg-
ulation detected in advanced cases. We also demon-
strated that /NG3 expression significantly correlates
with its physical interactor EPC1 with oncogenic po-
tential in head and neck cancer. Our results suggest a
vital prognostic potential for /NG3 in laryngeal cancer
although further functional studies are required to
strengthen its potential as a prognostic marker.

METHODS

In Silico Analysis

cBioPortal web tool was used to analyze the dif-
ferential expression and copy number changes of ING
gene family members and ING3 interactors using the
RNA sequencing expression data of tumor and normal
samples of head and neck origin collected from the
Cancer Genome Atlas Program (TCGA) [28]. Co-oc-
currence analysis of ING3 and its interactors was car-
ried out using cBioPortal as well. The mean
differential expression of /NG gene family members,
the relative expression of /NG3 in tumor tissue sam-
ples considering their stage and T classification, and
ING3/EPCI correlation were presented using the data
obtained from UALCAN, which is a comprehensive
web resource for analyzing cancer OMICS data [29].
Differential expression of /NG3 in 11 datasets de-
posited at Oncomine was evaluated and Sengupta (26
nasopharyngeal tumor and 12 normal specimens) and
Ginos (41 head and neck squamous cell carcinoma and
13 normal specimens) data with profound alterations
in ING3 expression were plotted [30]. The interactors
of ING3 was identified using String web tool [31].
Overrepresentation analysis of ING3 and its interac-
tors was performed using WEB-based GEne SeT
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AnaLysis Toolkit.

Patients and Tissue Samples

This study was reviewed and approved by the In-
stitutional Ethics Committee of Ataturk University,
Faculty of Medicine (IRB No: B.30.2.ATA.0.01.00/555).
Participants were included into the study after receiv-
ing their written informed consents. 28 laryngeal
tumor tissue specimens with at least 70% tumor cell
content and 28 corresponding adjacent laryngeal nor-
mal tissue samples were obtained from Department of
Otorhinolaryngology, Faculty of Medicine, Atatiirk
University. The tumor cell content of the laryngeal
tumor tissue specimens and the absence of any can-
cerous or dysplastic content in the corresponding ad-
jacent laryngeal normal tissue samples was
histopathologically confirmed at Department of Med-
ical Pathology, Faculty of Medicine, Ataturk Univer-
sity. All tumors and matched non-tumor tissue samples
were histologically analyzed by a pathologist. Histo-
logical analysis was reviewed by two independent
pathologists after H&E staining. Clinical stages were
categorized according to the seventh edition of the
UICC-TNM classification. Fresh tissue materials were
collected immediately after surgery to prevent degra-
dation of RNA and protein contents, snap frozen, and
stored at -80 °C. Patients didn’t receive radiotherapy,
chemotherapy, or immunotherapy prior to the surgery.
The clinico-pathological data of patients were summa-
rized in Table 1.

RNA Isolation

Total RNA samples from equal amounts of tumor
and normal laryngeal tissue specimens grounded
within liquid nitrogen were extracted using TRIzol
reagent (Invitrogen, San Diego, CA, United States)
following the manufacturer’s protocol. Total RNA
concentrations and purities were measured spec-
trophotometrically with Epoch 2 Microplate Spec-
trophotometer (BioTek, Winooski, VT, United States).

c¢DNA Synthesis and Quantitative Real-Time PCR
A total of 1ug RNA for each sample was reverse—tran-
scribed into complementary DNA (cDNA) using
“High Capacity cDNA Reverse Transcription Kit”
(Thermo Fisher Scientific, Waltham, MA, United
States) according to manufacturer’s instructions. Rel-
ative expression levels of /NG family members were

analyzed with quantitative real time polymerase chain
reactions (qQRT-PCR) with 5 x HOT FIREPol Eva-
Green qPCR Mix Plus (Solis Bio-Dyne, Tartu, Esto-
nia) using Rotor-Gene qRT-PCR (Qiagen,
Diisseldorf, Germany) device with standard parame-
ters. Data were normalized to Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) expressions. Primers
used in qQRT-PCR were listed in Supplementary Table
1. All reactions were carried out in duplicates. Relative
expression levels were calculated using the 2744¢T
method.

Table 1. The clinico-pathological data of the
patients

LSCC Subjects

Age
<60 15
> 60 13
Gender
Male 27
Female 1

Tumor Location

Supraglottic 16

Subglottic 12
Size (cm)

<2 13

>2 15
T Classification

T1 and T2 12

T3 and T4 16
Histological Grade

Iand II 10

IIT and IV 17
Lymphatic metastasis

NO 17

N+ 11
Neck Dissection

No 15

Yes 13
Adjuvant Therapy

No 8

Yes 20
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Western Blot Analysis

Proteins were extracted using modified RIPA
Lysis Buffer (EcoTech Biotechnology, Erzurum,
Turkey) containing phenylmethanesulfonyl fluoride
(Roche, Basel, Switzerland) and phosphatase inhibitor
cocktail (Santa Cruz Biotechnology, Dallas, TX,
United States). Equal amounts of each protein sample
mixed with 10 x Laemmli Sample Buffer (EcoTech
Biotechnology, Erzurum, Turkey) in 9/1 ratio was
loaded and separated in 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose membrane (EcoTech
Biotechnology, Erzurum, Turkey) using semi-dry elec-
trophoretic transfer cell (Bio-Rad, Hercules, CA,
United States). Membranes were blocked in 5% non-
fat milk powder dissolved in 1x PBST buffer
(EcoTech Biotechnology, Erzurum, Turkey) for 1 hour
at room temperature, and then incubated with primary
antibodies against ING3 (diluted in 1:1000; Santa
Cruz Biotechnology, Cat No: sc-101245, Dallas, TX,
United States), B—actin (diluted in 1:200; Santa Cruz
Biotechnology, Cat No: sc-47778, Dallas, TX, United
States) diluted in PBST buffer on a shaker overnight
at 4°C. After washing with PBST, membranes were
incubated with appropriate HRP-conjugated second-
ary antibodies (1/3,000; Santa Cruz Biotechnology,
Dallas, TX, United States) for 1 hour at room temper-

ature. The Clarity Max ECL Western Blotting Sub-
strate (BioRad, United States, Hercules, CA, Dallas,
TX, United States) or ClearBand Western Blotting
Substrate (EcoTech Biotechnology, Erzurum, Turkey)
were used to visualize protein signals and quantifica-
tion of bands was performed using Image J program.

Statistical Analysis

Correlation of ING3/EPC1 expressions was meas-
ured using Pearson’s Correlation test. Association of
histologic grade with the presence of genomic alter-
ation in at least one of the /ING3 and EPCI in the
tumor specimens was tested using Chi-squared test. P
< 0.05 was considered as statistically significant.

RESULTS

Expressions of ING family genes are upregulated
and these genes have genetic alterations in LSCC
patients

We initially analyzed mutation characteristics and ge-
netic alteration of /NG family members in head and
neck squamous cell carcinoma samples deposited at
TCGA database (TCGA-HNSCC) using cBioPortal.
As shown in Figure 1A, high mutation frequencies of
ING family members were observed in head and neck

Fig. 1. ING family members have genetic alterations and are upregulated in head neck cancer patients. (A) Frequent genetic
alterations observed in ING family members in head and neck cancer tissues. (B) Expression profile of ING family members
in head and neck cancer tissues. Relative mean expression levels of (C) ING1, (D) ING2, (E) ING3, (F) ING4 and (G) INGS.

Gene expressions were normalized to GAPDH. ***p < 0.001.
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squamous cell carcinoma patients. ING3, ING4, and
INGS5 were the three genes with the highest rate of se-
quence alterations, and their mutation rates were 7%,
9%, and 6%, respectively (Fig. 1A). Similar pattern
was observed when their expressions in tumor samples
were analyzed in the mRNA level using RNA se-
quencing data of TCGA-HNSCC (Fig. 1B). Next, the
mRNA expression patterns of /NG family members
were investigated between head and neck squamous
cell carcinoma and normal tissues using UALCAN
web portal. The result showed that all of /NG family
members were significantly upregulated in primary
head and neck squamous cell carcinoma tissues com-
pared to normal samples (Figs. 1C-G, all p <0.05).

Expression of ING3 is upregulated in LSCC tissues
and significantly related to clinicopathological pa-
rameters

To explore levels of ING family members, we ini-

tially examined the mRNA expression of INGla,
INGI1b, ING2, ING3, ING4, and ING5 in LSCC pa-
tients using qRT-PCR. The results revealed that the ex-
pression of ING3 was significantly increased in
laryngeal cancer tissues compared with adjacent non-
cancerous tissues, while no significant statistical dif-
ference was observed in the expressions of INGla,
ING1b, ING2, ING4, and ING5 between cancer tissues
and adjacent non-cancerous tissues (Fig. 2A). We then
used Oncomine online portal further to verify the
mRNA levels of ING3. Sengupta (26 nasopharyngeal
tumor and 12 normal specimens) and Ginos (41 head
and neck squamous cell carcinoma and 13 normal
specimens) data showed that /ING3 was profoundly
upregulated in the cancer tissues compared with adja-
cent non-cancerous tissues (Figs. 2B and 2C). Inter-
estingly, ING3 expression was not significantly altered
in other datasets deposited in Oncomine, which were
mostly comprised of specimens with oral cavity ori-

Fig. 2. Expression of ING3 is upregulated in LSCC tissues and its expression is significantly related to clinico-pathological
parameters. (A) Relative mean expression levels of ING family members in LSCC tissues and adjacent non-tumor tissues.
(B) Relative mRNA level of ING3 in Sengupta dataset obtained from Oncomine. (C) Relative mRNA level of ING3 in Ginos
dataset obtained from Oncomine. (D) Relative ING3 level in different stage head and neck tumor tissue samples deposited
in TCGA. (E) Relative ING3 expression level in different grade head and neck tumor tissue samples deposited in TCGA. (F)
Relative ING3 expression level in different T stage LSCC tissue samples. (G) Relative ING3 expression level in different
grade LSCC tissue samples. *p < 0.05, ** p < 0.01, *** p <0.001.
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gin.

After mRNA expression of /NG3 found to be up-
regulated in LSCC patients, we then focused on the
relationship of /NG3 mRNA expressions with clinico-
pathological parameters in individual head and neck
squamous cell carcinoma patients using UALCAN.
The results show that patients with advanced stage
head and neck cancer had relatively higher ING3
mRNA expression compared with normal tissue sam-
ples (Fig. 2D). In addition, /NG3 mRNA expression
was also significantly upregulated in tumor tissue sam-
ples of head and neck cancer patients with higher
grades compared with normal specimens (Fig. 2E). In
line with these findings, we also observed overexpres-
sion of /NG3 in patients with advanced LSCC (Figs.
2F and 2QG). Taken together, these results suggested
that transcriptional levels of ING?3 is significantly cor-
related with different clinicopathological parameters
in LSCC patients and LSCC patients with advanced
stages tended to have higher levels of ING3.

ING3 has increased protein level in LSCC patients

ING3 mRNA level was significantly higher in
LSCC tissues compared with matched non-cancerous
LSCC tissues. To further confirm these results, we per-
formed western blot analysis using 10 tumor-normal
tissue pairs collected from LSCC patients (Fig. 3A).
Our data revealed that, ING3 expression in protein
level was significantly increased in cancer tissues
compared with adjacent non-cancerous tissues (Fig.

3B), which is consistent with our qRT-PCR and in si/-
ico analysis. These results provided strong evidence
that ING3 is upregulated in LSCC.

ING3 interacts with a hub of genes mostly related
to DNA damage

After analysis of ING3 genetic alterations, expres-
sion pattern, and its prognostic value in LSCC pa-
tients, we performed protein-protein interaction
analysis using the STRING database to explore the
possible functional protein network of ING3. The top
10 hub genes with the highest protein-protein interac-
tion confident scores were located in the core shell of
the network including KAT5, BRDS, MEAFG6,
MRGBP, EPC1, MORF4L2, DMAPI1, YEATS4,
MORF4L1, and RUVBL2 (Fig. 4A). Further molecu-
lar gene set enrichment analysis revealed that these
proteins were involved in chromatin modification,
chromatin organization, HATs acetylate histones, sens-
ing of DNA double strand breaks, telomere extension
by telomerase, regulation of TP53 activity, activation
of the TFAP2 (AP-2) family of transcription factors,
and resolution of D-loop structures through synthesis-
dependent strand annealing (Table 2). Subsequently,
the genetic information and function of these 10 genes
in association with /NG3 in HNSCC patients were ex-
plored using the cBioPortal web tool. We investigated
the cancer genomic alteration characteristics of these
genes in HNSCC and found a significant rate of ge-
netic alterations across a set of HNSCC samples based

Fig. 3. ING3 have increased protein level in LSCC patients. (A) Representative images of ING3 expression in laryngeal
normal and tumor tissue samples. (B) Relative mean ING3 expression in protein level in LSCC tissue samples. Protein levels

were normalized to B-Actin. *p < 0.05; t-test.
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Fig. 4. Functional protein interaction network analysis of ING3 and predicted mutations and functions of hub genes. (A)
Protein interaction network of ING3 depicted using STRING database. (B) Genetic alterations of ING3 related genes (C)
The correlation of ING3 and EPC1 expressions. (D) Association of alterations of these two genes with advanced histological

grade of head and neck cancer.

on a query of these 10 genes associated with ING3. As
shown in Fig. 4B, they were altered in five types of
genetic alterations including amplification and high
mRNA expression, in the queried HNSCC samples.
Among these alterations, the deep deletion and high
mRNA expression accounted for the most changes in
HNSCC. Then, we investigated co-occurrence of

ING3 interactors in tumor HNSCC sample. The results
showed that ING3 was associated with both EPC/ and
MEAF6, where only the relationship of /ING3 with
EPC] was statistically significant (Table 3). Therefore,
EPC1 was selected for further analysis. The correla-
tion of ING3 and EPC1 expression was assessed using
UALCAN web portal. The statistical scatter plots

Table 2. Over-representation analysis of ING3 interactors

Enriched Gene Set Size Expect Ratio p value
Chromatin modifying enzymes 275 0.28665 38.375 >0.001
Chromatin organization 275 0.28665 38.375 > 0.001
HATS acetylate histones 142 0.148 74.317 >0.001
Sensing of DNA Double Strand Breaks 6 0.0062536 159.91 0.0062388
Telomere Extension By Telomerase 6 0.0062536 159.91 0.0062388
Regulation of TP53 Activity 160 0.16676 11.993 0.011483
Activation of the TFAP2 (AP-2) family of 12 0.012507 79.955 0.012442
transcription factors

Generic Transcription Pathway 1169 1.2184 3.283 0.026095
Resolution of D-loop Structures through 26 0.027099 36.902 0.02678
Synthesis-Dependent Strand Annealing

(SDSA)

Regulation of TP53 Activity through 30 0.031268 31.982 0.030842
Acetylation
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Table 3. Co-occurrence of ING3 interactors in HNSCC tumor samples

Gene A Gene B Neither A NotB B NotA Both Log2 p value Tendency
Odds Ratio
MEAF6 DMAP1 194 6 3 >3 <0.001 Co-occurrence
MORF4L2 MEAF6 182 12 4 >3 0.003 Co-occurrence
ING3 MEAF6 187 7 3 >3 0.006 Co-occurrence
MRGBP MORF4L2 176 11 12 4 2.415 0.021 Co-occurrence
ING3 EPC1 188 8 5 2 >3 0.04 Co-occurrence

showed that ING3 expression had a strong positive as-
sociation with the expression of EPCI in HNSCC pa-
tients (Fig. 4C). In addition, we investigated the
relationship between the alteration status of these two
genes and the histological grade of neoplasm in
HNSCC samples using cBioPortal web tool. Most no-
tably, we found that the patients possessing any kind
of alterations of these two genes tended to have ad-
vanced histological grade HNSCC (Fig. 4D).

DISCUSSION

LSCC is a frequent aggressive tumor type occurring
in the head and neck region with a quite unsatisfactory
overall 5-year survival rate for patients (50-70%) [32].
Of the cancers with head and neck origin, LSCC along
with pharyngeal cancers display significant divergence
from oral cavity cancers in terms of clinical outcome
characteristics that might be partly due to distinct
tumor biology including discrete mutation profiles
[33]. Another recent study pointed a considerable dis-
similarity in the methylation patterns of genes and al-
lelic imbalances present in oral cancers and cancer of
the larynx and pharynx, pointing potential differences
during the carcinogenesis processes of tumors origi-
nated from distinct parts of the head and neck region
[34]. These differences might be speculated to be re-
sponsible for altered chemoradiotherapy response, de-
picting the significance of the investigation of
molecular features of each type on their own and also
together to be able to figure out the underlying mech-
anisms more clearly.

Although there have been constant evolution in
the surgical and oncological techniques, long term sur-
vival of LSCC patients still remains unfavorable [35].

The main factors leading to poor clinical outcome are
considered to be frequent locoregional recurrence and
metastasis [36] and the lack of reliable prognostic
markers make current treatment modalities less effec-
tive, which necessitates the urgent identification of
vital predictive biomarkers and the related underlying
molecular mechanisms associated with acquisition of
aggressive phenotype of LSCC. Unraveling those
markers will help determination of patients with
higher recurrence and metastasis risk after surgery and
will give the opportunity to treat them with appropriate
adjuvant postoperative treatment strategies.

In this study, we investigated the differential ex-
pression of /NG family members and found /NG3 as
a potential biomarker for advanced LSCC. We showed
its overexpression in tumor tissues compared to cor-
responding adjacent normal specimens, pointing its
oncogenic potential in laryngeal cancer. Our in silico
analysis also demonstrated the significant overexpres-
sion of ING3 in late stage and high grade head and
neck tumor tissues, which is in parallel with our find-
ings.

The members of /NG family, comprised of five
genes with varying number of isoforms, function as
important transducers of cell signaling associated with
DNA repair, apoptosis, senescence, cell cycle regula-
tion, histone modifications, and transcriptional regu-
lation through interactions with proteins or DNA [14].
Considering their frequent inactivation in cancer cells,
they are mostly recognized as tumor suppressor genes
[37] and reduced expression of ING3 was reported in
various cancers including head neck squamous cell
carcinoma [38]. However, a recent study reported
overexpression of /NG3 in rapidly proliferating tissues
with high self-renewal capacity like small intestine
and bone marrow, suggesting a potential role for ING3
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in cellular growth [39]. Similarly, overexpression of
ING3 was found in hypertrophic cardiomyocytes,
which lead to an abnormal enlargement of the heart
muscle as a result of inactivation of the AMPK and ac-
tivation of the p38 MAPK signaling pathways [40].

More interestingly, mice models deficient for
ING1 and ING2 were found to develop spontaneous
cancers, whereas, ING4 deficient mice were reported
to be free of spontaneous tumor formation, however,
a recent study investigated /NG3 deficiency in mouse
models and described homozygous ING3 deficient
mice as embryonic lethal and associated loss of ING3
expression with growth retardation [22]. This condi-
tion was reported to be related to inhibited prolifera-
tion and induced apoptosis, which were associated
with DNA damage and distortion of PI3K/AKT sig-
naling pathway [41]. Another study demonstrated that
ING3 is overexpressed in prostate cancer cells com-
pared to benign prostate tissues that is correlated with
therapeutic resistance and poor clinical outcome [42].
Same study reported that ectopic ING3 overexpression
is sufficient on its own to transform the non-tumori-
genic normal human dermal fibroblasts to cancerous
state and sets up a gene expression profile that is nec-
essary for cell proliferation [42]. In addition, suppres-
sion of /NG3 expression in DU145 prostate cancer
cells resulted in inhibition of cellular migration and
invasion in vitro, ascribing a possible oncogenic po-
tential for /ING3 [15]. Interestingly, increased ING3
expression was associated with poor prognosis in ery-
throblast transformation-specific-related gene (ERG)
negative prostate cancer patients [15]. Besides, ERG-
like 10-gene signature, which includes /ING3 with
higher expression in castration-resistant prostate can-
cer tissues compared to benign or localized prostate
cancer specimens, was demonstrated to better estimate
patients' clinical outcome than ERG status alone [43].
Another study proposed ING3 as an androgen receptor
(AR) coactivator with the function of AR nuclear
translocation that lead to increased proliferation and
migration of prostate cancer cells [26].

As to the head and neck squamous cell carcinoma,
allelic loss and low ING3 expression was reported in
2002 in human head and neck cancers including la-
ryngeal cancer. However, considering the low number
of laryngeal samples and lack of detection in the pro-
tein level, this study does not provide strong clues

about the function of ING3 [44]. Additional analysis
of ING3 expression in head and neck cancer tissue
samples in the mRNA level conducted by the same
group demonstrated downregulation of ING3 expres-
sion in cancerous samples compared to normal head
and neck tissues. However, of the 71 tissue pairs col-
lected from head and neck cancer patients, only 13
pairs were from laryngeal cancer patients and 7 tumor
samples of them were either with high or normal /NG3
expression compared to normal tissues [24]. These
findings point the need for further analysis for char-
acterization of /NG3 functions in head and neck can-
cers with a specific attention on laryngeal cancer. Our
results demonstrated that the mean expression of ING3
is higher in laryngeal tumor tissue samples in both
mRNA and protein level compared to normal tissue
specimens. On the other hand, it is of importance to
mention that the cytoplasmic vs. nuclear localization
of ING3 is also important for its potential to contribute
to the carcinogenesis [45]. A recent study reported that
cytoplasmic expression of ING3 was significantly up-
regulated in head and neck tumor samples compared
to normal tissues, although a decreased nuclear ex-
pression of ING3 was detected [46]. Additionally, high
cytoplasmic ING3 expression was significantly corre-
lated with lymph node metastasis [46]. These findings
suggest further detailed analysis of laryngeal tumor
samples using immunohistochemistry to delineate into
the potential involvement of differential subcellular
localization of ING3 protein during laryngeal carcino-
genesis.

Although named as inhibitor of growth, ING2 was
also suggested as an oncoprotein in colon cancer,
where its overexpression was detected in cancerous le-
sions although not supported by further functional
tests [47]. Standing as a potential oncogene in laryn-
geal cancer, /ING3 is the most distinguished member
of the /NG family with the features of less similarity
in amino acid sequence to ING1/2 and ING4/5 and not
localization within the close proximity to telomeric re-
gions in contrast to other members of the family [13].
ING3 is involved in a histone acetyl transferase com-
plex called NuA4-Tip60 MYST as a core member,
which is responsible for H2A and H4 acetylation that
is generally linked to transcriptional activation. In con-
trast to transcriptional repressor properties of ING1
and ING2, ING3 functions as a transcriptional activa-
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tor that might be important for its putative oncogenic
function during laryngeal carcinogenesis [13]. Inter-
estingly, we found strong correlation between ING3
and another component of the NuA4-Tip60 MYST hi-
stone acetyl transferase complex, EPCI, assigning a
potential role for EPC1 in laryngeal cancer. Suppres-
sion of EPC1 was reported to promote E2F1 mediated
apoptotic signaling as a result of DNA damage leading
to inhibition of tumor cell motility. On the other hand,
EPCI in cooperation with E2F] induces a metastasis
related gene expression fingerprint in especially ad-
vanced cancers [48]. Interestingly, in a study where a
cancer-relevant subset of more than 500 mutant ESC
lines were investigated, a gene signature involving
EPC1 was reported to be associated with response to
radiotherapy [49]. In line with these findings, Epc2
knock down in murine MLL-AF9 AML cells led to in-
duction of apoptosis and loss of stem cell potency of
leukemia cells [50]. In addition, side population of
human myeloma cell lines with high tumorigenic and
self-renewal potential were demonstrated to be en-
riched with a gene set including EPCI [51].

Lastly, as we found overexpression of /ING3 in ad-
vanced LSCC cases, many researches reported detec-
tion of genomic and transcriptional alterations of ING
gene family members in advanced cancers. Borkosky
et al. demonstrated statistically significant relation of
frequent deletion of ING2 locus at 4q35.1 with ad-
vanced T stage, proposing the occurrence of ING2 loss
of heterozygosity in advanced stages during HNSCC
progression [52]. Similarly, low expression of ING!
was found in high malignancy grades of astrocytoma
[53] and its reduced expression was related to poor
prognosis in advanced neuroblastomas [54]. More in-
terestingly, decreased expression of /NG4 in colorectal
cancer was reported to contribute to metastasis and
poor prognosis via promoting angiogenesis and its ex-
pression was negatively correlated with lymph node
metastasis, advanced TNM stage and poor overall sur-
vival [55]. In line with this report, reduced ING4 ex-
pression was found to be associated with increased
stage and histological grade of ovarian cancers and
was in negative correlation with micro vessel density
[56]. Low ING4 expression was also correlated with
advanced Dukes' stages of colorectal cancer, where
ING4 expression levels were lower in tumor samples
of patients with lymphatic metastasis [57].

Here, we reported oncogenic potential of /ING3 in

laryngeal cancer with the significant deregulation ob-
served in advanced cases. We also found that ING3
expression significantly correlates with its physical in-
teractor EPC1 with oncogenic potential as well in head
and neck cancer. Our results assign a crucial prognos-
tic potential for /NG3 in laryngeal cancer although fur-
ther clinical studies that are going to be performed in
larger cohorts and further in vitro and in vivo func-
tional tests are required to strengthen its potential as a
prognostic marker.

CONCLUSION

Here, we reported oncogenic potential of ING3 in la-
ryngeal cancer with the significant deregulation ob-
served in advanced cases. We also found that ING3
expression significantly correlates with its physical in-
teractor EPC1 with oncogenic potential in head and
neck cancer. Our results assign a prognostic potential
for ING3 in laryngeal cancer although further clinical
studies that are going to be performed in larger cohorts
and further in vitro and in vivo functional tests are re-
quired to strengthen its potential as a prognostic
marker.
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ABSTRACT

Objectives: Breast cancer is the second leading cause of cancer deaths among women. Therefore, there is a
need for new approaches that increase the success of treatment in breast cancer. Cancer stem cells (CSCs) are
associated with treatment resistance and metastasis, which are important problems in cancer treatment including
breast tumors. In this study, the Hematopoietic- and neurologic-expressed sequence 1-like (HN1L), also known
as Jupiter microtubule associated homolog 2 (JPT2) protein levels which is involved in the self-renewal of
CSCs were evaluated in common and rare breast tumor types.

Methods: In this context, HN1L protein levels were measured from plasma of 17 patients and from tumor and
normal tissues of 9 patients by enzyme linked immunosorbent assay method.

Results: Mean HN1L levels were measured as 1.63 + 0.88 ng/mL in plasma samples, 2.18 + 0.75 ng/mL in
tumor tissue samples and 2.71 + 0.88 ng/mL in normal tissue samples. A significant difference was observed
between mean HN1L levels in plasma and normal tissue (p < 0.05). Correlation of HN1L protein levels with
clinicopathological characteristics were analyzed. Accordingly, HN1L levels were positively correlated with
tumor size and invasion status (r = 0.425; p < 0.05 and r = 0.449; p < 0.05, respectively).

Conclusions: We believe that the importance of HN1L in management of breast cancers will be demonstrated
more thoroughly when further studies are conducted with increased number of patients.

Keywords: HN1L, JPT2, breast cancer, cancer stem cell

cancer in men were lung (25.8%), followed by
prostate (14.6%) and colorectal cancer (9%). In
women, breast cancer (23.9%) is the leading cause of

Cancer is one of the leading causes of mortality
and morbidity all over the world and is accepted
as one of the most common diseases in the world after

cardiovascular diseases [1]. According to the GLOBO-
CAN database, part of the International Agency for
Research on Cancer (IARC), there were 19.3 million
new cancer cases and 10.0 million cancer deaths in
2020. In the same year, the most frequently diagnosed

death, followed by thyroid (10.9%) and colorectal can-
cer (9.1%). Breast cancer is the most frequently diag-
nosed cancer type in the world and is estimated to be
the leading cause of cancer death in women world-
wide. The latest data show that there were 2.26 million
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HNIL levels in breast cancer patients

cases of breast cancer in 2020 [2]. With the increase
in targeted treatment options in recent years, the need
for more effective management of breast cancer treat-
ment has also increased. Research and clinical use of
new molecular biomarker candidates will make sig-
nificant contributions to the treatment of the disease.

Hematopoietic - and neurologic-expressed se-
quence 1-like (HN1L), also known as Jupiter micro-
tubule associated homolog 2 (JPT2), is a protein with
very limited information and is thought to play a role
in embryo development [3]. HN1L gene is located on
chromosome 16p13.3 that encodes a 20-kDa protein
[3]. HN1L protein, which is localized in the nucleus
and cytoplasm of the cell, has been found in liver, kid-
ney, uterus, testis and prostate tissues [3]. There are a
limited number of studies revealing the role of HN1L
protein in various types of cancer. It has been reported
that the HN1L gene is altered in a quarter of breast
cancer cases and is correlated with low overall sur-
vival in triple negative breast cancer (TNBC) cases
[4]. On the other hand, it was revealed that the number
of breast cancer stem cells has decreased and sensitiv-
ity to chemotherapy was improved by silencing HN1L
[4]. HN1L plays a role in the self-renewal processes
of cancer stem cells (CSCs). Due to the high frequency
of mutations in this gene, it has been determined that
measuring mutant HN1L gene fragments in the blood-
stream can exhibit tumor burden and be effective in
tracking progression [5]. In another study, it was
shown that HN1L is highly expressed in breast cancer
tissues, positively correlated with metastasis in breast
cancer patients, and significantly inhibited invasion
and metastasis when silenced [6]. In terms of its mo-
lecular interactions, the HN1L protein has been asso-
ciated with the signal transducer and activator of
transcription (STAT) pathway and has been reported
to upregulate the expression of high-mobility group
protein 1 (HMGB1) protein, which plays a key role in
breast cancer invasion and metastasis [4, 6].

In the current study, it is aimed to investigate the
potential of HN1L as a promising biomarker candidate
in breast cancer.

METHODS

Patients and Clinical Characteristics
Nine fresh tissue (tumor and normal) samples and 17

plasma samples were collected from breast cancer pa-
tients who were admitted to Breast Surgery Depart-
ment. The study was approved by the local Clinical
Research Ethics Committee (2021-10/44) and con-
ducted in accordance with Helsinki Declaration. In-
formed consent was obtained from all patients.
Clinicopathological characteristics of the patients were
obtained from Breast Surgery and Medical Pathology
Departments. Histological and molecular subtypes of
breast cancer were defined by respective clinical de-
partments.

HNI1L Enzyme Linked Immunosorbent Assay

HNI1L protein levels were measured from plasma
of 17 patients and from tumor and normal tissues of 9
patients by Enzyme linked immunosorbent assay
(ELISA) method. Whole blood samples collected into
EDTA-coated tubes from patients were centrifuged at
2000 x g for 10 min (Niive NF800R, Turkey). Then,
1 mL aliquots of the supernatant were transferred into
cryovials for long term storage. Tissue samples were
cut into thin pieces with a scalpel and subsequently in-
cubated with RIPA lysis buffer supplemented with
protease inhibitors and sodium vanadate in a micro-
centrifuge tube for 20 min. Tumor and normal tissues
were homogenized on ice for 1 min at 900 rpm
(Schuett Homgenplus, Germany). The homogenized
samples were centrifuged at 10,000 x g for 10 min at
4 °C (Niive NF800R, Turkey). Clean supernatants
were transferred to a new 1.5 ml microcentrifuge tube
and stored at 4 °C to determine protein concentration
and perform ELISA. Bicinchoninic acid assay was uti-
lized to evaluate total protein concentration as de-
scribed by Smith et al. [7]. All accumulated plasma
and tissue samples were stored at —80°C until further
use.

For ELISA, HNI1L protein levels were evaluated
according to the manufacturer’s instructions (Abbexa,
Cambridge, United Kingdom). Briefly, standard solu-
tions, reagents and samples were prepared. Equal
amounts of protein at 100 uL volume were loaded into
each well of a 96-well plate. Also, 100 uL of standard
solutions were pipetted in order to generate a calibra-
tion curve. After different incubation times and wash-
ing steps, 100 pL of biotin conjugated detection
antibody, 100 uL of HRP (horseradish peroxidase)
conjugated detection antibody, 90 pl of TMB
(3,3,5,5'-Tetramethylbenzidine) substrate solution and
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Table 1. Clinicopathological characteristics of patients from plasma and tumor tissue group

Characteristics Plasma (n =17) Tumor tissue (n =9) p value
Gender, n (%)

Female 17 (100.0) 8(88.9) 0.346°

Male - 1(11.1)
Age (years), mean + SD 57.47+12.28 55.44 +15.74 0.742°
Histological subtype, n (%)

Invasive ductal 16 (94.1) 1(11.1) 0.001°

Invasive lobular - 2(22.2)

Mucinous - 1(11.1)

Tubular - 1(11.1)

Malignant phyllodes tumor - 1(11.1)

Mixed type 1(5.9 3(33.3)
Molecular subtype, n (%)

Luminal A 7(41.2) 8 (88.9) 0.024*

Luminal B 10 (58.8) 1(11.1)
ER positive, n (%) 17 (100.0) 8(88.9) 0.346°
PR positive, n (%) 13 (76.5) 7 (77.8) 0.668"
HER?2 positive, n (%) 2 (11.8) - 0.453°
Tumor localization, n (%)

Right 9(52.9) 5(55.6) 0.613°

Left 8 (47.1) 4 (44.4)
Tumor stage, n (%)

I 1(5.9) 5(55.6)

I 13 (76.5) 3(33.3) 0.017¢

1T 3 (17.6) 1(11.1)
BRCA negative, n (%) 1(7.1) - 0.609°
P53 positive, n (%) 3 (17.6) - 0.262°
P63 positive, n (%) 8 (47.1) 3(33.3) 0.402°
Calponin positive, n (%) 8(47.1) 3(33.3) 0.402°
E-Cadherin positive, n (%) 17 (100.0) 3(33.3) 0.000*
CK5/6 positive, n (%) 10 (66.7) 3(33.3) 0.122%
In situ component, n (%)

No 6 (35.3) 4 (44.4)

Under 25% 11 (64.7) 4 (44.4) 0.261°

Over 25% - 1(11.1)
Necrosis, n (%) 2 (11.8) 1(11.1) 0.732*
Lymphatic invasion, n (%) 3(17.6) - 0.262°
Perineural invasion, n (%) 6 (35.3) - 0.054*
Vascular invasion, n (%) 1(5.9) - 0.654°
Microcalcification, n (%) 7(41.2) 3(33.3) 0.517*
HNIL (ng/mL), mean + SD 1.63 +0.88 2.18+0.75 0.124°
Tumor size, mean + SD 2.05+1.26 2.66+1.57 0.302°
Metastasis status 0.65+0.79 0.67 £ 1.41 0.450°
BRH, mean + SD 135+ 1.46 1.11+0.78 0.587°
Ki-67, mean + SD 155.06 + 140.31 105.56 + 124.13 0.383°

ER = estrogen receptor, PR = progesterone receptor, HER2 = human epidermal growth factor receptor 2, BRCA = breast
cancer susceptibility protein, CK = cytokeratin, BRH = benign reactive hyperplasia, SD = Standard Deviation

Fischer’s Exact Test, ®Independent Samples T-Test, “Likelihood Ratio
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50 pL of stop solution were added, respectively. Fi-
nally, absorbance was measured in a spectrophotome-
ter (EL x 800, BioTek Instruments, Inc., Winooski,
VT, USA) at 450 nm. HN1L protein concentration was
expressed as ng/mL.

Statistical Analysis

Nominal and ordinal parameters were described
as frequencies; whereas, scale parameters were de-
scribed as mean and standard deviations. Fischer’s
Exact Test, Chi-Square and Likelihood ratio tests were
used to indicate differences between categorical vari-
ables. Kolmogorov Smirnov test was used to analyze
normality of scale parameters. Independent Samples
t-test and One Way ANOVA were used to detect dif-
ferences of normally distributed scale parameters.
Spearman’s rho correlation and ROC analysis were
implemented for relational analysis. SPSS 17.0 for
Windows was used, and 95% Confidence Interval was
mentioned at 0.05 significance level.

RESULTS

Management of breast cancer should be improved in
order to accomplish better outcomes in clinical prac-
tice. CSC hypothesis posits that cells with stem cell
like properties take part in processes such as therapy
resistance and recurrence; which in turn, lowers the
effectiveness of treatment and hinders therapy success
[8, 9]. A better understanding of proteins associated
with CSCs could shed light on how to overcome the
important obstacles in breast cancer treatment. Thus,
we have investigated a CSC associated protein, HN1L,
to evaluate its levels in plasma and tumor tissue of
breast cancer patients and its correlation with clinical
parameters. To our knowledge, this is the first study
that aims to determine the levels of HNIL protein

from the circulation with any type of cancer including
breast carcinomas.

The present study included 35 samples from 26
breast cancer patients. The samples were divided into
two groups; namely plasma and tumor tissue, to de-
scribe the origin of sample. Clinicopathological char-
acteristics of patients is shown in Table 1. Histological
subtype distribution in plasma samples was invasive
ductal (n = 16) and mixed carcinoma (n = 1); whereas
the histological subtype distribution of tissue samples
was invasive ductal (n = 1), invasive lobular (n = 2),
mucinous (n = 1), tubular (n = 1), mixed (n = 3) car-
cinoma, and malignant phyllodes tumor (n = 1). Mu-
cinous, tubular and mixed carcinomas and malignant
phyllodes tumors are among rare type of tumors that
are represented with a frequency of less than 5%
within breast carcinomas [10]. There is also a tumor
sample collected from a male breast cancer patient
which is a rare case as well, with less than 1% fre-
quency of all breast cancer cases [11]. Considering the
molecular subtype distribution, plasma and tissue sam-
ples of luminal subtypes were selected and included
in the study, which in turn contributed to the homo-
geneity of the study groups.

Circulating HN1L protein levels detected from
plasma and levels of HN1L protein measured from ho-
mogenized tumor and normal tissue of breast cancer
patients are shown in Table 2. Mean HN1L concentra-
tion values were ranked from lowest to highest as
plasma, tumor tissue and normal tissue. Comparison
of HNI1L protein levels between plasma, tumor and
normal tissue groups demonstrated that HN1L protein
levels differ significantly between normal tissue and
plasma groups (p < 0.05). However, difference in
mean HN1L protein levels was statistically insignifi-
cant both between tumor and normal tissue groups as
well as between tumor tissue and plasma groups (p >
0.05). Therefore, the absence of significant difference

Table 2. Comparison of HN1L protein levels between plasma, normal and tumor tissue groups

Plasma Tumor tissue Normal tissue Total p value
(n=17) (n=9) mn=9)
HNI1L (ng/mL) 1.63 +£0.88" 2.18£0.75 2,71 £0.88* 2.05+0.94 0.014°
mean = SD

aTukey’s Post hoc, plasma and normal tissue (mean difference: -1.08; p = 0.011)

®One Way ANOVA

532



Eur Res J 2023;9(3):529-535

Ertiirk et al

0,8

0,6

Sensitivity

0,4

0,2

0 0,2 0,4 0,6 0,8 1

Specificity
Fig. 1. ROC analysis results for predictive value of HN1L for
plasma. According to the results of the ROC analysis AUC

was 73.2% and was found to be statistically significant (p <
0.05).

between plasma and tumor tissue HN1L protein levels
suggests that evaluation of plasma HN1L protein lev-
els may prove to be useful as a surrogate of tumor
HNIL protein levels. We have further examined the
difference between plasma and normal tissue HN1L
levels in detail by analyzing receiver operating char-
acteristic (ROC) curve to determine the discriminatory
accuracy (Fig. 1). Predictive value of HNIL for
plasma was 73.2% with statistically significant area
under curve (p < 0.05). Sensitivity for 1.55 cut off
level was 52.9% and specificity was 88.9%. For 2.08
cut off level of HNI1L, sensitivity was 70.6% and
specificity was 61.1%. Overall, this model indicates a
good discriminatory ability for the prediction of HN1L
concentration from plasma and normal tissue. Then,
the correlation between HN1L protein levels and clin-
ical parameters were explored. Spearman’s correlation
analysis revealed that tumor size (r = 0.449; p < 0.05)
and lymphatic invasion (r = 0.425; p < 0.05) had sig-
nificant positive correlation with HN1L protein levels
(Table 3). However, there was no significant correla-
tion with age, presence of metastasis or any of the as-
sessed pathological parameters. This finding suggests
that HN1L protein levels might accurately reflect the
tumor size and lymphatic invasion in breast cancer.

Table 3. Spearman’s rho correlation analysis
results between HN1L protein levels and
clinicopathological characteristics

Characteristics r p value
Sample type 0.286 0.157
Age 0.162 0.430
Histological subtype 0.134 0.514
Molecular subtype 0.057 0.782
ER status -0.280 0.166
PR status -0.073 0.723
HER?2 status 0.184 0.379
Tumor localization 0.010 0.960
Tumor stage -0.027 0.897
BRCA status -0.354 0.098
P53 status 0.120 0.558
P63 status -0.151 0.463
Calponin status -0.151 0.463
E-Cadherin status -0.280 0.166
CK5/6 status -0.151 0.481
In situ component -0.106 0.606
Necrosis -0.088 0.668
Lymphatic invasion 0.425" 0.030
Perineural invasion 0.110 0.594
Vascular invasion 0.200 0.327
Microcalcification -0.179 0.381
Tumor size 0.449" 0.024
Metastasis status -0.093 0.652
BRH -0.119 0.563
Ki-67 0.200 0.326

ER = estrogen receptor, PR = progesterone receptor, HER2 =
human epidermal growth factor receptor 2, BRCA = breast
cancer susceptibility protein, CK = cytokeratin, BRH =
benign reactive hyperplasia

DISCUSSION

The importance of guiding therapeutic strategy and the
management of patients has increased dramatically in
recent years with the expansion of available treatment
options such as targeted therapies and immunotherapy
[12]. In this respect, especially the utilization of cir-
culating tumor DNA analyses into the routine clinical
practice has the potential to be an extremely effective
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tool in the management of cancer therapy [13-15].
Furthermore, the analysis circulating proteins as a
minimally invasive and an inexpensive tool in deter-
mination of disease risk, treatment adjustment, prog-
nostication and disease progression monitoring has
been a trending research area [16]. In fact, new break-
throughs in early detection of cancer has been
achieved with the adoption of both circulating nucleic
acids and proteins as new instruments in this field [16-
18]. In this regard, investigation of circulating levels
of CSC associated proteins might contribute to the im-
provement of clinical outcome in breast cancer.
There is a limited number of studies regarding the
analysis of circulating levels of CSC associated cellu-
lar proteins in many types of malignancies including
breast cancer. Mirzaei et al. [19] has assessed the lev-
els of double cortin like kinase 1 (DCLK1) extracted
from peripheral blood mononuclear cells of patients
diagnosed with colorectal cancer and healthy individ-
uals who displayed significantly different levels of the
protein by ELISA method. Later, Christman et al. [20]
utilized the same protein and showed that DCLK1
may have potential as a circulating biomarker for ther-
apy response in esophageal adenocarcinoma. Another
example is Glutaredoxin3 (GLRX3), a secretory pro-
tein that is upregulated in pancreatic ductal adenocar-
cinoma CSC enriched spheres. GLRX3 protein levels
were measured by ELISA from the plasma of both
healthy individuals and pancreatic cancer patients
which revealed that there was a significant difference
between the two groups, a finding that may have im-
plications in diagnosis of pancreatic cancer. Majority
of the previous studies on the role of HN1L in different
types of cancer demonstrate that overexpression of this
protein promotes cell migration, invasion and metas-
tatis in in vitro and in vivo models and is an indication
of worse disease free survival in non-small cell lung
cancer patients and poor prognosis in hepatocellular
carcinoma patients [21, 22]. Furthermore, silencing
HNI1L expression lowered the capability of breast
CSCs to initiate tumor and inhibited tumor formation
in vivo in mice injected with prostate cancer cells [4,
21]. According to immunohistochemistry analysis
with tumor and non-tumor tissue samples from breast
cancer and esophagogastric junction adenocarcinoma
patients, an overexpression of HN1L was reported in
tumor tissues compared to adjacent normal tissue of

the patients [6, 23]. Our findings however did not con-
firm this data, most probably due to low number of
tumor samples and partly because of diverse
histopathological background of the collected tumor
samples.

To the best of our knowledge, there is only a cou-
ple of studies investigating the plasma levels of HN1L
in cancer patients which were conducted by our re-
search group. In these studies, the mean HN1L plasma
levels were measured as 1.05, 1.70, 0.95 and 1.03
ng/mL from 29 luminal A, luminal B, triple negative
and HER2+ subtypes, respectively [24, 25]. These
mean values are comparable with our current findings.
Moreover, in the previous study, HN1L levels in lu-
minal subtype samples were in positive correlation
with lymphatic invasion and tumor size which is in
agreement with our findings considering that sample
group was selected from luminal subtype of breast
cancer cases as well [25]. The fact that the results ob-
tained are mutually supportive strenghtens our study.
The significance of correlation between lymphatic in-
vasion and tumor size with HN1L levels may be asso-
ciated with the aggressiveness of the tumor. Therefore,
this result might gain importance in the future for the
follow-up of the disease.

CONCLUSION

To conclude, we have determined the HNIL protein
levels in plasma, tumor and normal tissues in breast
cancer patients and shown that these levels did not dif-
fer significantly between plasma and tumor tissue. We
have found out that HN1L protein levels were posi-
tively correlated with tumor size and lymphatic inva-
sion. Our analyses also included cases of rare breast
cancers with different histological background. Future
studies with a higher number of cases would ensure a
more comprehensive investigation of the relationship
between the change in HN1L protein levels and clini-
cal parameters.
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ABSTRACT

Objectives: In this study, besides the factors affecting breastfeeding, such as the tendency to breastfeed, the
number of children, educational status, maternal age, working style, it was investigated how the breastfeeding
behavior was affected during the epidemic.

Methods: At least 384 mothers were included in the study with a 95% confidence level, 0.05 margin of error,
and 403 mothers were included in the study. A questionnaire form prepared by the researchers was used as a
data collection tool and consent form was obtained from the participants.

Results: The mean age of the mothers participating in the study was 29.2 + 5.9 years (range:18 to 52 years).
Two hundred and one (49.8%) mothers participating in the study do not find it safe for mothers with COVID-
19 to breastfeed their baby. However, only 20.2% of mothers think that COVID-19 can be transmitted to the
baby through breast milk. Ninety-eight (24.4%) mothers stated that they could breastfeed their babies even if
they had COVID-19, and 15.5% stated that mothers with COVID-19 around them could breastfeed their babies.
Conclusions: Although the COVID-19 epidemic had a negative impact on all aspects of life globally, it did
not generally change the breastfeeding decisions of breastfeeding mothers. In fact, due to the closures and
extended maternity leave, mothers spent more time with their babies and enabled them to breastfeed more
frequently. However, it should not be neglected that misinformation is at a substantial level. In the studies
conducted, wrong or incomplete information was observed in a significant part of the mothers who did not
consider breastfeeding due to the epidemic, although the rates were low. For this reason, besides health
professionals, media organs should be actively used for information.

Keywords: COVID-19, breastfeeding, pandemic

ffective breastfeeding is defined as the continua- immune system with antibodies passed from the
tion of breast milk with only breast milk in the mother. Effective breastfeeding is the most effective
first month of the baby, and then with supportive foods global intervention for promoting health and develop-
until the age of two [1]. Breastfeeding can be consid- ment in infants. It reduces the risk of disease develop-
ered the baby's first vaccine as it strengthens the baby's ment and disease severity in childhood and has a high
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life-saving potential by preventing half a million infant
deaths and 13% of child deaths worldwide [2].

While breastfeeding is the most cost-effective and
recommended nutritional practice, its implementation
globally is still not optimal. Effective breastfeeding
practice is high in low- and middle-income countries,
while formula is more commonly used in Western Eu-
rope, Australia, and North America. In effective
breastfeeding practices, besides cultural and sociode-
mographic characteristics, physiological, health poli-
cies, encouraging (excessive maternity leave,
assistance from spouse or family, etc.) or restrictive
(inability of mothers working in the private sector to
take maternity leave, insufficient maternity leave, etc.)
factors are known to be important. The physiological
burden of pregnancy and breastfeeding on mothers
(nipple infections, postpartum problems) should not
be forgotten [3].

The COVID-19 virus, which affected more than
600 million people globally and caused the death of
6.5 million people, also affected 17 million people in
our country and caused the death of more than 100
thousand people [4]. The virus has deeply affected so-
cioeconomic status and health practices. Throughout
the epidemic, breastfeeding behaviors were also af-
fected positively or negatively. Examples of positive
effects are that mothers spend more time with their ba-
bies due to the prolonged maternity leave, and spouses
stay at home longer, and mothers find more support
through this. While the World Health Organization
does not recommend stopping breastfeeding even
when infected, mothers' interruption of breastfeeding
when infected and difficulties in accessing the health
care they need due to closures can be given as exam-
ples of negative effects [3].

In this study, besides the factors affecting breast-
feeding, such as the tendency to breastfeed, the num-
ber of children, educational status, maternal age, and
the way of working, it was investigated how the
breastfeeding behavior was affected during the epi-
demic.

METHODS

Study Design
The study was carried out in accordance with the 1975
Declaration of Helsinki, after obtaining approval from

the Turkish Republic Ministry of Health, ethics com-
mittee approval (No:2021/09-01) from local ethics
committee. The research is a cross-sectional and de-
scriptive study. The research was carried out in Adiya-
man-Kahta district between January 2022 and May
2022. The population of the study consisted of breast-
feeding mothers who applied to the Kahta State Hos-
pital Pediatrics Polyclinic. At least 384 mothers were
planned to be included in the study with a 95% confi-
dence level and a 0.05 margin of error and 403 moth-
ers were included. A questionnaire form prepared by
the researchers was used as a data collection tool and
consent form was obtained from the participants.

Statistical Analysis

Qualitative data were given as number and % fre-
quency, and Chi-Square test was used for comparisons
between groups. A p value of < 0.05 was accepted as
statistically significant.

RESULTS

The mean age of the mothers participating in the study
was 29.2 + 5.9 years (range 18 to 52 years). The de-
scriptive characteristics of the mothers are presented
in Table 1. Two hundred and one (49.8%) mothers par-
ticipating in the study do not find it safe for mothers
with COVID-19 to breastfeed their baby. However,
only 20.2% of mothers think that the COVID-19 virus
can be transmitted to the baby through breast milk.
Ninety-eight (24.4%) mothers stated that they could
breastfeed their babies even if they had COVID-19,
and 15.5% stated that mothers with COVID-19 around
them could breastfeed their babies.

The rate of mothers who did not wash their hands
before breastfeeding was 42.8% and the rate of clean-
ing their breasts was 34.6%. The rate of mothers wear-
ing masks while breastfeeding their babies is 35.8%,
the rate of removing items such as rings and wrist-
bands is 32.6%, the rate of using gloves is 35.6%, the
rate of using visors is 28.7%, the rate of using caps is
30.7% and the rate of using protective clothing is
29.4%.

When the mothers participating in the study were
examined according to age, there was no significant
difference between finding breastfeeding safe during
COVID-19. The proportion of those who are unde-

537

The European Research Journal - Volume 9 «Issue 3 «May 2023



Eur Res J 2023;9(3):536-542 Parlak et al

Table 1. Descriptive characteristics of the mothers participating in the study

Characteristics n %
Age
18-24 age 83 20,6
25-34 age 253 62,8
35 and above 67 16,6
Mother's educational status
Illiterate 20 5,0
Literate/primary/secondary school graduate 276 68,5
High school graduate 63 15,6
College/university or higher 44 10,9
Perception of the economic situation
Very good 30 7,4
Good 149 37
Moderate 168 41,7
Bad 43 10,7
Very bad 13 3,2
Number of children
Not parent 13 3,2
1 115 28,5
2 157 39,0
3 60 14,9
4 38 9,4
5 and above 20 4.9
Breastfeeding status
Yes 294 73,5
No 106 26,5
Age of the child breastfed
0 age 80 21,2
1 age 158 41,9
2 age 88 233
3 age 45 11,9
4 age 6 1,6
COVID-19 infected
Yes 288 71,5
No 115 28,5
COVID-19 infected relatives
Yes 350 86,8
No 53 13,1
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Table 2. Breastfeeding knowledge and attitudes of the mothers participating in the study about
breastfeeding during the COVID-19 pandemic process

Agreed Not-agreed Hesitant
% % %

It is safe for a mother with COVID-19 to breastfeed her baby. 36.8 49.8 13.4
COVID-19 can be passed to an infant through breast milk. 20.2 45.6 34.2

I would breastfeed my baby even if I had COVID-19. 24.4 479 27.7
Mothers with COVID-19 around me should breastfeed their 15.5 52.1 324
babies.

It wouldn't upset me if I couldn't breastfeed my baby due to 22.7 55.9 21.4
COVID-19.

COVID-19 should use the method of expressing rather than 25.1 43.5 31.3

breastfeeding directly.

cided on this issue increases with age. There was no
significant difference between finding breastfeeding
safe while having COVID-19, according to the educa-
tional status of the mothers and the status of having
COVID-19 in their relatives. Compared to mothers
with moderate and poor economic status, the rate of
finding breastfeeding safe during COVID-19 is signif-
icantly lower. The rate of finding breastfeeding safe
during COVID-19 is significantly lower in mothers
with one child compared to mothers with two or more
children. The rate of finding breastfeeding safe during
COVID-19 is significantly lower in lactating mothers
compared to non-breastfeeding mothers. The rate of
finding breastfeeding safe while having COVID-19 is

significantly higher in mothers whose children are 0
and 1 years old compared to mothers who are 2 years
and older. The rate of finding breastfeeding safe while
suffering from COVID-19 is significantly lower in
mothers who have had COVID-19 compared to moth-
ers who have not.

DISCUSSION

Although breastfeeding is a feeding method as old as
human history, effective breastfeeding is not practiced
sufficiently in many countries [2]. The COVID-19
pandemic has emerged as a new problem in the lives

Table 3. Breastfeeding behaviors of the mothers participating in the study about breastfeeding

during the COVID-19 pandemic process

Always or Sometime Never
very often
%o % %

I wash my hands before breastfeeding my baby. 42,8 24,3 33,0
I wear a mask while breastfeeding my baby. 35,8 31,5 32,7
I take off items such as rings and bracelets while breastfeeding 32,6 35,7 31,6
my baby.
I use gloves while breastfeeding my baby. 35,6 27,9 36,4
I clean my breast before breastfeeding my baby. 34,9 33,6 31,6
I use a visor while breastfeeding my baby. 28,7 33,4 38,0
I use a bonnet while breastfeeding my baby. 30,7 37,0 32,2
I use protective clothing while breastfeeding my baby. 29,4 37,7 32,9
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Table 4. According to the descriptive characteristics of the mothers participating in the study, the
rates of those who found breastfeeding safe while they had COVID-19

Characteristics n Those who think breastfeeding is X? p value
safe while suffering from
COVID-19
Number %

Age
18-24 age 83 36 43.4 3.90 0.143
25-34 age 252 87 345
35 and above 67 25 373

Mother's educational status
Under high school 295 107 36.3 7.01 0.136
High school graduate 63 25 39.7
College/university or higher 44 16 36.4

Perception of the economic situation
Very good/good 178 48 27.0 26.71 0.001
Moderate 168 76 45.2
Bad/very bad 56 24 429

Number of children
1 115 30 26.1 8.08 0.018
2 and above 274 108 39.4

Breastfeeding status
Yes 393 98 334 48.14 0.001
No 106 48 453

Age of the child breastfed
0-1age 238 94 39.5 16.92 0.001
2 age and above 139 39 28.1

COVID-19 infected
Yes 288 94 32.6 12.13 0.002
No 114 54 47.4

COVID-19 infected relatives
Yes 350 122 394 4.52 0.104
No 52 26 50.0

of breastfeeding mothers. However, it was determined
that vertical virus transmission from pregnant to baby
was not possible during the process [5]. Later, WHO
recommended that the mother continue to breastfeed
her baby with standard precautions as long as the
mother's health permits [6].

Although 36.8% of the mothers who participated
in our study found it safe for a mother with COVID-

19 to breastfeed her baby, the rate of mothers who
would breastfeed their baby when they have covid in-
creases to 47.9%. In a study conducted with 114
women in Sedwick, Kansas, it was observed that
68.5% of the participants did not change their breast-
feeding plans/tendencies [7]. Likewise, in a study con-
ducted in Belgium with 6470 women, 3823 of whom
were breastfeeding, 91% of the participants stated that
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their breastfeeding behaviors would not change, and
82% of them stated that the duration of breastfeeding
became longer because the duration of stay at home
was prolonged [8]. An online study by Brown and
Shenker [9] also showed that breastfeeding behaviors
were positively affected by 41.8%. Although breast-
feeding behaviors are affected positively during the
epidemic in general, it is a problem frequently ex-
pressed by pregnant/breastfeeding women in the sur-
veys; It is stated that it is difficult to reach professional
health support when needed [3].

In a study conducted with 390 mothers in Thai-
land, breastfeeding behaviors of mothers were ques-
tioned during the epidemic, while the duration of
breastfeeding increased as the education level and eco-
nomic status increased, while in our study there was
no significant difference according to education level,
it was observed that mothers who defined their eco-
nomic status as poor had a longer breastfeeding period
[10]. It has been interpreted that this may be due to the
fact that breastfeeding is an economical feeding
method and the food costs cannot be met. In the study
conducted with 104 mothers in Egypt, knowledge and
behaviors about breastfeeding were found to be
strongly positive as the education level increased. was
observed to be affected [11].

Studies have shown that multiparous pregnants
have significantly higher breastfeeding knowledge and
tendencies than nulliparous pregnants [2]. In our study,
mothers with two or more children breastfeed their
children longer than mothers with one child. In addi-
tion, in our study, it was observed that if the child
breastfed by the mother is younger than one year old,
there is a tendency to breastfeed for a longer period of
time. In a study conducted in China in 2019, it was
found that multiparous pregnant women approached
breastfeeding more positively than nulliparous preg-
nants [12].

In our study, the mothers answered the question
“Can the COVID-19 virus be transmitted to the baby
through breast milk?” 20.2% of the participants an-
swered that it could pass, while 45.6% could not ex-
ceed it. In a study conducted in India with 1636
participants, 28% of the participants answered that the
virus can be transmitted to the baby through breast
milk, and this rate increased significantly when the
women of productive age were examined [13]. In a
study conducted with 623 pregnant participants in

Hong Kong, 11.6% of the participants stated that they
decided not to breastfeed their babies due to the
COVID-19 outbreak, and 77.8% of them stated that
they believed that the virus could be transmitted to
their babies through breast milk [14].

In a study conducted with 104 mothers in Egypt,
it was observed that mothers who had previously had
COVID-19 breastfed their babies for a longer period
of time, and their knowledge and behavior regarding
breastfeeding was significantly higher than that of
mothers who had not had COVID-19 before [11]. In
our study, it was seen that mothers who have had
COVID-19 before have less knowledge about breast-
feeding their babies and they tend to breastfeed their
babies less.

In our study, 25.1% of the participants stated that
the method of expressing should be used instead of
breastfeeding while they have COVID-19. In a study
conducted on 125 COVID-19 positive mothers in
Turkey, it was observed that 71.5% of the mothers fed
their babies with formula, and 36% fed their babies
with the milking method [15]. In a study conducted
with 200 pregnant participants in India, 47% of the
participants who were asked about the breastfeeding
method of COVID-19 positive mothers preferred for-
mula, 25% answered the milking method and 17% an-
swered breastfeeding [16].

It was determined in our survey study that the rate
of mothers who confidently look after the breastfeed-
ing of COVID-19 positive mothers decreases as the
maternal age increases. In a study conducted in Thai-
land, it was observed that the duration of breastfeeding
shortened with increasing maternal age [10].

CONCLUSION

Although the COVID-19 epidemic has had a negative
impact on all aspects of life globally, it has not gener-
ally changed the breastfeeding decisions of breastfeed-
ing mothers. In fact, due to the closures and extended
maternity leave, mothers spent more time with their
babies and enabled them to breastfeed more fre-
quently. However, it should not be neglected that mis-
information is at a substantial level. In the studies
conducted, wrong or incomplete information was ob-
served in a significant part of the mothers who did not
consider breastfeeding due to the epidemic, although
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the rates were low. For this reason, besides health pro-
fessionals, media organs should be actively used for
information.
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ABSTRACT

Objectives: Obesity is a complex multifactorial disease with recently increasing prevalence and incidence.
Several studies have been conducted to explain the ethiology, pathophysiology, epidemiology, molecular and
genetic mechanisms, and effective treatments of obesity. Glutathione S-transferase (GST) S1, GSTZ1, and
GSTT]1 are essential enzymes for oxidative stress and metabolism-related disorders. For this purpose, we aimed
to reveal the role of GSTS1, GSTZ1, and GSTT1 in obesity.

Methods: The gastric tissue samples were taken from the patients diagnosed with obesity who underwent
bariatric surgery in Ankara Kec¢ioren Training and Research Hospital General Surgery Clinic between 2017
and 2019. Immunostaining was performed on paraffin-embedded tissues to evaluate GSTS1, GSTZI1, and
GSTTI1 expressions. Laboratory data of the patients were recorded. All the results were analyzed statistically.
Results: Weak GSTS1 expression was observed in 38.1% of tissues and moderate in 6.3%. 37.3% of the tissues
presented weak GSTZ1 expression, and 11 (8.7%) displayed moderate. There were weak GSTT1 expressions
in 7.1% of the tissues and moderate 0.8% of them. A positive and statistically significant correlation was
observed between GSTS1 and GSTT1 expression levels ((r) = 0.028, p = 0.010; p < 0.05). There were no
significant differences between expression levels and gender, age, comorbidities, and medication usage (p >
0.05).

Conclusions: GSTs, in particular GSTS1, GSTT1, and GSTZ1, might contribute to molecular mechanisms
and the progression of obesity. In our study, GSTS1, GSTT1, and GSTZ1 were found to be moderately
expressed in gastric tissues taken from obese patients. However, new studies using more samples and advanced
techniques are needed to elucidate the relationship.
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Correlation of GST-S1, GST-Z1, and GST-T1 in obesity in terms of protein expression levels

In addition to genetic predisposition, it is accepted
that external factors such as lifestyle and cultural
environment are the determining parameters in terms
of obesity formation and susceptibility [1]. It is one of
the most important steps towards the treatment of the
disease to reveal the formation mechanism of this dis-
ease in a clearer and more understandable way. Due
to these reasons, current research has gained impor-
tance in terms of revealing the functioning or anomaly
of the genes responsible for these hormones, which are
known to have hormonal and regulating effects on
these hormones, together with habits such as human
life style, nutrition and diet. In particular, studies re-
lated to the elimination of diseases such as type 2 di-
abetes and hypertension after surgical interventions
related to obesity are seen in the literature. [2]. Adi-
pose tissue constitutes 15-20% of the body weight of
adult men and 25-30% of women. If this rate rises
above 25% in men and 30% in women, obesity can be
mentioned [3]. Following obesity; It has been deter-
mined that diseases such as hypertension, cardiovas-
cular diseases, diabetes, degenerative arthritis,
thrombophlebitis are seen directly or indirectly, and
this is valid in all age groups [4]. Neuroendocrine sys-
tem diseases such as Cushing's Syndrome, Hypothy-
roidism, Polycystic Ovary Disease are known to be
factors in the formation of obesity [5, 6]. Along with
parameters such as nutrition, lifestyle, genetic predis-
position, and physical activity, drug use such as psy-
chotropic drugs, steroids, and contraceptives has also
been reported as another factor that can cause obesity
[7, 8]. It has consequences in the form of various dis-
eases on many systems such as the endocrine system,
cardiovascular system, respiratory system, gastroin-
testinal system, nervous system. These diseases; hy-
pertension, type 2 diabetes, coronary heart disease,
acute myocardial infarction, cerebrovascular diseases,
respiratory distress, obstructive sleep apnea, gallblad-
der disease, fatty liver, dyslipidemia, hyperuricemia,
insulin resistance, breast cancer, osteoarthritis, nerve
entrapment, proteinuria, lymphedema and in a psycho-
logical form [9]. In morbidly obese people, no results
can be obtained with any non-surgical method. When
morbidly obese people lose weight with non-surgical
treatment methods, the frequency of weight regain is
approximately 95%. Morbid obesity; The only treat-
ment option that is effective, proven and can provide
long-term results is surgical techniques [10]. In reac-

tions catalyzed by metals, reactive oxygen compounds
can be produced in two different ways. The first of
these; It is produced endogenously in the cell by the
catalytic effect of various enzymes such as peroxiso-
mal oxidation, electron transport reactions catalyzed
in mitochondria, microsomal cytochrome P450 me-
tabolism, xanthine oxidase and aldehyde oxidase as a
result of immune system activation. The second is; It
can be produced exogenously as a result of radiation
caused by X, gamma and UV rays. It can also be found
in the atmosphere as pollution. Environmental pollu-
tants, barbiturates, xenobiotics such as chlorinated
compounds, some metal ions and smoking are other
exogenous sources [ 11-13]. Beneficial and harmful ef-
fects of free radicals on the organism can be seen. It is
known that they play a bidirectional role in biological
systems. Examples of the beneficial effects of free rad-
icals are the active roles they play in the immune sys-
tem defense against infectious agents and in
intracellular communication pathways. However, it
also induces mitogenic response at low concentrations.
Considering its negative effects, it causes damage to
cell structures such as fats, proteins and nucleic acids
at high concentrations [14, 15]. The harmful effects of
Reactive Oxygen Compounds are kept under control
by enzymatic and non-enzymatic antioxidants. Despite
the antioxidant defense system, the excessive increase
in the production of ROB or the decrease in the capac-
ity of the antioxidant defense system and the accumu-
lation of ROB in the body cause oxidative damage
known as oxidative stress. Oxidative stress plays an
important role in the emergence of cancer, atheroscle-
rosis, arthritis, neurodegenerative disorders and many
other diseases [16, 17]. Obesity-induced oxidative
stress is thought to be the main cause of diseases that
play a role in the pathogenesis of long-term compli-
cations such as cardiovascular diseases and Type 2 di-
abetes. Although body mass index, body fat
percentage, low density lipoprotein oxidation and
triglyceride levels are important indicators of oxida-
tive stress, they are associated with obesity as well as
parameters. A diet rich in fat and carbohydrates has
been found to induce significant oxidative stress and
inflammation in obesity [18]. It has been determined
that reactive oxygen compounds may cause insulin re-
sistance by negatively affecting the balance of insulin
secretion in the pancreas and glucose transport system
in skeletal tissue and adipose tissue [19, 20]. De-
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creased insulin sensitivity is thought to be one of the
main factors of the metabolic syndrome [21, 22].
Therefore, it can be said that there is a direct relation-
ship between oxidative stress, obesity and metabolic
syndrome [23]. Cardiovascular disease risk increases
with metabolic syndrome [24]. There are many studies
on the presence of obesity-induced oxidative stress
[25-27].

Genetic variation can affect both toxic and xeno-
biotic pharmacokinetics and pharmacodynamics, and
these consequences appear as phenotypes in pharma-
cogenomics. Pharmacokinetics refers to the body's ac-
tions on a drug, including the absorption, distribution,
metabolism, and excretion (ADME) of an adminis-
tered drug, performed by proteins such as metaboliz-
ing enzymes and membrane transporters involving the
cytochrome P450 (CYP) system [28]. Through xeno-
biotic biotransformation, lipophilic (fat-soluble)
chemicals are converted to hydrophobic (water-solu-
ble) chemicals and excreted in urine or bile. As a result
of xenobiotic biotransformation, it can change biolog-
ical effects such as increase, decrease or loss in the
pharmacological activity of the xenobiotic [29]. Ex-
amples of Phase I drug metabolizing enzymes local-
ized in the endoplasmic reticulum are heme-containing
CYP, flavin-containing monooxygenase, monoamine
oxidase, and xanthine oxidase/aldehyde oxidases.
CYP enzymes play the most prominent role in Phase
I metabolism [30]. In cases where the polarity of the
molecule formed as a result of Phase I reactions is not
sufficient, Phase Il reactions are carried out by attach-
ing glucuronic acid, acetic acid, sulfuric acid, or an
amino acid to the drug. Glucuronide in glucuronic acid
conjugation; can be attached to oxygen, nitrogen and
sulfur groups. Conjugation with glutathione is impor-
tant for electrophilic compounds. Glutathione (GSH)
is a tripeptide (y-glutamylcysteinylglycine). Forms
glutathione S-conjugates, which are excreted in the
urine or bile. The reaction is catalyzed by glutathione
S-transferases (GST). Acetyl-CoA is used as the acetyl
donor in acetylation and the reaction is catalyzed by
acetyltransferases. Xenobiotics are methylated by
methyltransferases. S-adenosyl-methionine (SAM) is
used as methyl donor [31]. GSH is an atypical tripep-
tide with gamma-L-glutamyl-L-cysteinyl glycine
structure. It is atypical because of the gamma bond be-
tween the amine group of cysteine and the carboxyl

group in the side chain of glutamate. GSH is synthe-
sized in the body from L-cysteine, L-glutamic acid and
glycine. It is a thiol that has a fundamental role in
maintaining redox balance in the cell and responding
to oxidative stress [32, 33]. GSH is found in high con-
centrations, especially in liver cells [34, 35]. GSH can
reduce unstable molecules such as reactive oxygen
compounds. GSH constitutes more than 90% of the
GSH pool in healthy cells and tissues. GSH acts as a
substrate in numerous conjugation and reduction re-
actions catalyzed by GST in the cytosol, microsomes,
and mitochondria [36]. The aim of our study is con-
tribute to the determination of therelationship of the
detoxification mechanism with obesity in terms of
GST- Sigma (S) 1, GST Zeta (Z) 1, and GST Theta (T)
1.The determination of the expressions of these isoen-
zymes in obesity patients was carried out in order to
contribute to research on the prognostic, diagnosis and
treatment of obesity.

Complete blood count, the most commonly used
blood test in the whole world, is a blood test used to
evaluate people's general health and detect a wide va-
riety of disorders, as it provides information about the
life cycle and physiology of the various cell compo-
nents [37]. Especially the levels of white blood cell
(WBC), hemoglobin (HGB), and platelet (PLT) give
essential information to medical professionals about
inflammatory conditions, metabolic diseases and obe-
sity. There are several ways in which obesity increases
cardiovascular and diabetes risk, including high low-
density lipoprotein (LDL), total cholesterol, and
triglyceride, low high-density lipoprotein (HDL), ex-
cessive fasting, postprandial blood glucose and hemo-
globin Alc (HbAIc) and unsteady insulin levels [38,
39]. Several studies reported that there may be a rela-
tionship between obesity andhormone levels icluding
free T3, and T4, thyroid-stimulating hormone (TSH),
estradiol, follicle-stimulating hormone (FSH),
luteinizing hormone (LH), C-peptide, cortisol, adreno-
corticotropic hormone (ACTH) and sex hormone-
binding globulin (SHBG) [40-43]. Therefore, this
study also aimed to investigate the association of
GSTS1, GSTZ1, and GSTT1 expressios and complete
blood count, cardiovascular and diabetes and hor-
moneparameters. To the best of our knowledge our
study is the first tho evaluate all this parameters simul-
taneously.
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METHODS

In this study, 126 gastric tissues of obese patients who
underwent bariatric surgery were received from the
General Surgery Clinic of Ke¢ioren Training and Re-
search Hospital between 2017 and 2019. The gastric
tissues were stained by the immunohistochemistry
method to evaluate GSTS1, GSTZ1, and GSTT1 ex-
pressions.

Ethics committee approval of this study was pro-
vided by the decision of the Ethics Committee of
Kecioren Training and Research Hospital with the de-
cision number 2012-KAEK-15/2218.

Immunohistochemical (IHC) Staining

The tissue sections were peroxidase-incubated for
10 minutes using 3% hydrogen peroxide in methanol
(v/v). After that, the sections were performed for 3 min
using a 0.01M citrate buffer, pH 6.0 in a domestic
pressure cooker. Sections were incubated at room tem-
perature for 10 min with superblock (SHP125; Scy
Tek laboratories, West Logan, UT). The sections were
then covered with the primary antibodies diluted
(1:250 for GSTSI; 1:250 for GSTZI; 1:250 for
GSTT1)in TBS at4°C. AntiGST-Thetal (PAA622Hu01)
was obtained from Cloud Clone Corp. TX,USA; anti-
GSTSI (Sc-30,067) was obtained from Santa Cruz
Biotechnology, Inc; anti-GSTZ1 (bs-13442R) was ob-
tained from Bioss Antibodies Inc. Woburn, Massachu-
setts, USA.After washing for 15 minutes in TBS, the
sections were incubated at room temperature with a
biotinylated link antibody (SHP125; ScyTek Labora-
tories) followed by streptavidin/HRP complex
(SHP125; ScyTek laboratories). The sections were in-
cubated at room temperature with biotinylated link an-
tibody (SHPI125; ScyTek Laboratories) then
diaminobenzidine was used to visualize peroxidase ac-
tivity in tissues and they were counterstained with
hematoxylin. Scoring of immunohistochemically
stained sections were performed for each parameter
was: 0 negative (no staining);1 weak staining, 2, mod-
erate staining.

Laboratory Findings

The blood test results of the cases were obtained
from the patients' documentation. The patients' WBC,
HGB, and platelet PLT levels were recorded as com-
plete blood count parameters. Cholesterol parameters

were noted, including HDL, LDL, total cholesterol,
and triglyceride. Diabetes parameters included fasting
glucose, postprandial glucose, and HbAlc. The hor-
mone parameters were assessed, including free T3,
free T4, TSH, estradiol, FSH, LH, C-peptide, insulin,
cortisol, ACTH, and SHBG.

Statistical Analysis

Statistical analysis was performed using IBM
SPSS Version 25.0 (Armonk, NY: IBM Corp). The
data were presented as mean + standard deviation (SD)
and standard error of the mean (SEM). The catego-
rized data were expressed as numbers of patients (n)
and percentages (%). The Shapiro-Wilk test was used
to evaluate the normality. The Levene test was per-
formed to test the homogeneity of variances. The data
was not normally distributed. Therefore, the Mann-
Whitney U test was performed to compare differences
between two independent groups, and The Kruskal-
Wallis test was conducted to analyze three or more in-
dependent groups. Bonferroni correction was then
applied. Spearman's rank correlation test was used to
determine correlations. A p-value lower than 0.05 was
considered statistically significant.

RESULTS

Our study group included 126 obese patients with a
body mass index (BMI) equal to or greater than 40
kg/m?. The mean weight was 125.10 kg, and the mean
BMI was 46.77 kg/m?. 111 female (88.1%) and 15
male (11.9%) patients were in our study group. Almost
half of the patients (47.6%) were between the ages of
31 and 45. The mean age of the patients was 37.91
years. Obesity was the only disease in 75 patients,
while 50 had an additional disease. 58.7% of the pa-
tients did not use medications, while 40.5% used.
The patients' whole blood parameters such as WBC,
HGB, and PLT; glucose parameters such as fasting
glucose, postprandial glucose, and HbAlc; cholesterol
parameters such as HDL, LDL, total cholesterol, and
triglyceride; hormone parameters such as free T3, and
T4, TSH, estradiol, FSH, LH, C-peptide, insulin, cor-
tisol, ACTH, and SHBG were recorded. The clinical
and demographic characteristics of the patients are de-
tailed in Table 1.

IHC staining levels for GSTS1, GSTZI, and
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Table 1. Clinical and demographic characteristics of the patients

Characteristics

Data
Mean = SD (Range)

Age (years) (n = 126)

Height (cm) (n = 126)

Weight (kg) (n = 126)

BMI (kg/m?) (n = 126)

WBC (X10°/L) (n = 126)

HGB (g/dL) (n = 126)

PLT (X10*/uL) (n = 126)

Glucose (fasting) (mg/dL) (n = 126)
Glucose (postprandial) (mg/dL) (n = 88)
HbA1lc (%) (n =117)

HDL (mg/dL) (n =21)

LDL (mg/dL) (n = 15)
Triglyceride(mg/dL) (n = 118)
Total cholesterol (mg/dL) (n = 118)
Total T3 (ng/dL) (n = 124)

Free T4 (ng/dL) (n = 125)

TSH (mlU/L) (n = 125)

Estradiol (pg/mL) (n = 56)

FSH (mIU/mL) (n = 75)

LH (IU/mL) (n = 75)

C peptide (ng/mL) (n =117)
Insulin (mIU/L) (n = 122)

Cortisol (ug/dL) (n = 122)

ACTH (pg/mL) (n = 87)

SHBG (nmol/L) (n = 55)

37.91 + 11.01 (16-63)
163.48 + 8.21 (148-189)
125.10 + 19.26 (91-182)
46.77 + 6.18 (40-70.31)
8.96 + 2.00 (5.27-14.90)
13.68 + 1.55 (9.87-18.40)

290.39 + 80.71 (34.30-53.500)
111.16 + 54.50 (69.00-498.00)
139.35 + 62.43 (71.00-394.00)
6.06 + 1.36 (4.10-13.10)
43.19 + 7.77 (32.00-60.00)
124.60 + 34.55 (55.00-168.00)
173.03 + 85.86 (42.00-545.00)

215.62 + 170.75 (108.00-2016.00)
3.01 +£0.41 (1.84-4.08)
1.03 = 0.14 (0.61-1.55)
2.58 +2.17 (0.05-16.28)

78.45 + 62.99 (9.00-247.00)
11.38 + 15.91 (0.96-75.98)
10.54 + 10.58 (1.07-45.09)

3.33+1.09 (1.28-6.23)

19.60 + 25.31 (1.70-275.60)

10.17 + 4.10 (0.8-20.00)
29.14 + 19.10 (5.00-126.00)
37.80 + 31.30 (7.51-226.00)

The data were presentsed as mean + SD (minimum-maximum values). BMI = body-mass index, WBC = white blood cell,
HGB = hemoglobin, PLT = platelet, HbAlc = hemoglobin Alc, HDL = high-density lipoprotein, LDL = low-density
lipoprotein, TSH = thyroid-stimulating hormone, FSH = follicle stimulating hormone, LH = luteinizing hormone, ACTH =
adrenocorticotropic hormone, SHBG = sex hormone-binding globiilin

GSTT1 were determined in the tissues of the patients.
The expression levels were evaluated as shown in
Table 2. Weak GSTS1 expression was observed in 48
(38.1%) tissues and moderate in 8 (6.3%) ones. 47
(37.3%) of the tissues presented weak GSTZ1 expres-
sion, and 11 (8.7%) displayed moderate. Weak GSTT]1
expression was noted in 9 (7.1%) tissues and moderate
in 1 (0.8%).

Mean GSTS1, GSTZ1, and GSTT1 IHC scores of

the tissues are presented in Fig. 1. The highest expres-
sion was observed in GSTZ1, followed by GSTS1 and
GSTTI1. THC expression patterns of GSTS1, GSTZ1,
and GSTT]1 in gastric tissues of patients are shown in
Figs. 2, 3, and 4, respectively.

IHC expression levels of GSTS1, GSTZ1, and
GSTT1 were determined regarding the patients' clini-
cal and demographic characteristics, including gender,
age, comorbidities, medication, and operation status
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Table 2. GSTS1, GSTZ1, and GSTT1 IHC stainingprofile

IHC Staining Scores GSTS1 GSTZ1 GSTT1
0 70/1262 68/126* 116/126*
(55.6%) (54.0%) (92.1%)
1 48/126* 47/126* 9/126*
(38.1%) (37.3%) (7.1%)
2 8/1262 11/126* 1/126*
(6.3%) (8.7%) (0.8%)
Mean 0.51 £ 0.05° 0.55 £ 0.06° 0.09 £ 0.03°
(0-2)° (0-2)° (0-2)°

Staining scores were determined based on the staining intensity of the tissues. 0 = negative staining, 1 = weak staining, 2 =
moderate staining. [HC = immunohistochemical, GST = glutathione S-transferases, GSTS1 =GST-Sigma 1, GSTZ1 = GST

Zeta 1, GSTT1= GST Theta 1

“Number of samples stained at specified level / Total number of samples (percent:%),

"Mean + SEM,
‘Minimum-maximum

(Table 3). There were no significant differences be-
tween expression levels and these parameters (p >
0.05).

Correlation analysis was performed between the
GSTSI1, GSTZ1, and GSTT1 expressions, and the re-
sults are explained in Table 4. A positive and statisti-
cally significant correlation was observed between
GSTSI and GSTTI expression levels ((r) = 0.028, p
=0.010; p <0.05).

Correlation analyses were also carried out be-
tween the clinical and demographic characteristics of
the patients and the expression levels. Table 5 is dis-

0,8
0,7
0,6
0,5

0,4

IHC score

0,3
0,2

0,1

played the results of these analysis. There was no sta-
tistically significant correlation between the GSTSI
expression levels and the clinical and demographic
characteristics examined (p > 0.05). GSTZ expression
and PLT levels were positively correlated (p < 0.05).
There was a positive and significant correlation be-
tween GSTZ1 expression and total cholesterol levels
(p <0.05). Free T4 levels of the patients were also sig-
nificantly correlated with GSTZ1 expression (p <
0.05). A positive and significant correlation was noted
between the GSTT1 expression and cortisol levels (p
<0.05).

EGSTS1 mGSTZ1 mGSTT1

Fig. 1. Mean GSTS1, GSTZ1, and GSTT1 IHC scores of the tissues.
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A-GSTS1

D- GSTS1

Fig. 2. Immunohistochemical expression of GSTS1 protein in
stomach tissues (A: Expression of negative protein in stomach
tissue, 40%; B: Weak (+1) protein expression in stomach tissue
20%; C: Weak (+2) protein expression in stomach tissue 20x;
D: Weak expression in stomach tissue intense nuclear (+2)
protein expression 40x).

A-GSTZ1

A-GSTZ1 B-GSTZ1
C-GSTZ1 D-GSTZ1

Fig. 3. Immunohistochemical expression of GSTZ]1 protein in
stomach tissues (A: Expression of negative protein in stomach
tissue, 40%; B: Weak (+1) protein expression in stomach tissue
20%; C: Weak (+2) protein expression in stomach tissue 20%;
D: Weak expression in stomach tissue intense nuclear (+2)
protein expression 40x).

B-GSTZ1

C-GSTZ1 D-GSTZ1

Fig. 4. Immunohistochemical expression of GSTT1 protein in stomach tissues (A: Expression of negative protein in stomach
tissue, 40%; B: Weak (+1) protein expression in stomach tissue 20x; C: Weak (+2) protein expression in stomach tissue 40%;

D: Weak expression in stomach tissue intense nuclear (+2) protein expression 40%).

DISCUSSION

Reactive oxygen species cause direct or indirect dam-
age to different organs under many diseases and psy-
chological conditions. Oxidative stress; includes

pathological processes such as obesity, diabetes, car-
diovascular disease. It has been reported that obesity
can be stimulated by the oxidative stress system. Ox-
idative stress, on the other hand, is related to the irreg-
ular production of adipokines secreted from adipose
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Table 3. IHC GSTS1, GSTZ1, and GSTT1 expressionsregarding the clinical and demographic

characteristics of the patients

Variable GSTS1 GSTZ1 GSTT1
Gender
Female 0.51 +0.06" 0.56+0.06" 0.07 £0.02°
(0-2)° (0-2)° (0-1)°
Male 0.47+0.13° 047 +0.17% 0.20 £0.14*
(0-1)° (0-2)° (0-2)°
p value 0.952 0,605 0,376
Age
<30 0.49+0.10° 0.57+0.12° 0.09 £ 0.05*
(0-2)° (0-2)° (0-1)°
31-45 0.55+0.09° 0.50 +0.08* 0.08 £ 0.04*
(0-2)° (0-2)° (0-1)°
> 45 0.45 +£0.09* 0.61+0.11° 0.10£0.07*
(0-1)° (0-2)° (0-2)°
p value 0.903 0.614 0.955
Comorbidities
Yes 0.50 +0.08? 0.56 = 0.09* 0.08 £0.05*
(0-2)° (0-2)° (0-2)°
No 0.52+0.07* 0.55+0.07 0.09 £ 0.03*
(0-2)° (0-2)° (0-1)°
p value 0.993 0.973 0.527
Medication
Yes 0.53 +£0.08? 0.57 +£0.09° 0.08 £0.05*
(0-2)° (0-2)° (0-2)°
No 0.50 +0.08* 0.54 £ 0.08* 0.09 £ 0.03*
(0-2)° (0-2)° (0-1)°
p value 0.606 0.726 0.494
Surgery
Yes 0.54 +0.07° 0.49 +£0.07 0.11 £0.04*
(0-2)° (0-2)° (0-2)°
No 0.46 £ 0.09* 0.63 £ 0.09* 0.06+0.03*
(0-2)° (0-2)° (0-1)°
p value 0.367 0,227 0.385

GST = glutathione S-transferases, GSTS1 =GST-Sigma 1, GSTZ1 = GST Zeta 1, GSTT1= GST Theta 1

®Mean =+ SEM,
"Minimum-maximum
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Table 4. Correlation analyzes of GSTS1, GSTZ1, and GSTT1 expressions

GSTS1 GSTZ1 GSTT1
correlation p value correlation p value correlation p value
coefficient coefficient coefficient

GSTS1 1.000 - 0,020 0.822 0.228 0.010
GSTZ1 0.020 0.822 1.000 - -0.056 0.532
GSTT1 0.228 0.010 -0.056 0.532 1.000 -

GST = glutathione S-transferases, GSTS1 =GST-Sigma 1, GSTZ1 = GST Zeta 1, GSTT1= GST Theta 1

tissue, which contributes to the development of meta-
bolic syndrome [44]. C-reactive protein and other ox-
idative damage biomarkers are high in obese
individuals and are directly correlated with BMI and
body lipid percentage, LDL oxidation and triglyceride
level [45]. Antioxidant defense markers are lower than
the amount of body fat in them [46]. Hartwich et al.
determined that vitamin E, vitamin C, beta carotene
and glutathione decreased in obesity [47]. Some re-
search; showed that a high-fat and carbohydrate diet
significantly stimulated the increase of oxidative stress
and inflammation in obese individuals [48]. In litera-
ture studies on the detoxification mechanism, it has
been shown that as a result of long-term obesity, a de-
crease in antioxidant sources and a decrease in the ac-
tivities of super oxide dismutase and catalase enzymes
[49]. In another study, it was shown that SOT and glu-
tathione peroxidase activities were decreased in obese
individuals compared to healthy individuals [50]. In a
study, it was shown that oxidative stress in the cell in-
creases as a result of the increase in CYP2E] in mito-
chondria and has a role in liver diseases, obesity and
type-2 diabetes [51].

In this study, it is known that oxidative stress is
associated with the development of obesity, a multi-
factorial disease that is very common in all countries.
II, which plays an important role in the xenobiotic
mechanism. In this study, the relationship between the
expressions of GSTT1, GSTS1 and GSTZ1 isozymes,
which are members of the GST enzyme system that
catalyzes the phase reactions, with obesity was inves-
tigated. In our findings, weak GSTS1 expression was
observed 38.1% of the tissues and moderate in 6.3%.
The GSTZ1 expression was weak in 37.3% of the tis-
sues and moderate in 8.7%. Weak GSTT1 expression
was noted in 7.1% of the tissues and moderate in
0.8%. Positive and statistically significant correlations

were found between GSTZ1 expression and PLT, total
cholesterol, and free T4 levels of the patients (p <
0.05). A positive and significant correlation was also
found between GSTT1 expressionand the cortisol lev-
els of the patients (p < 0.05).

It is seen that other studies in the literature indicate the
relationship between obesity and oxidative stress.
Apart from these studies, which also show their rela-
tionship with the concepts of obesity and oxidative
stress separately, in this study, which we aim to con-
tribute to revealing the relationship between obesity
and Glutathione enzymes, which directly play a role
in the xenobiotic mechanism, findings that overlap
with other studies in the literature were obtained.

All these results indicate that GSTS1, GSTZ1, and
GSTT1 enzyme amounts and oxidative stress increase
in obesity. Significant changes occur in the amount
GSTS1, GSTZ1, and GSTT1 enzymes in obese indi-
viduals. While these changes may occur as an adaptive
response, the findings suggest that oxidative stress ob-
served in obesity may be one of the possible mecha-
nisms underlying this change. Findings that contribute
to the definition of the physiopathology of obesity are
important in the prevention of complications such as
cardiovascular diseases that may develop due to obe-
sity and in the development of preventive approaches.

CONCLUSION

In obese people, metabolic load due to overnutrition
and, as a result, free radical formation due to overload-
ing of metabolic pathways increase. Increased ROS in
obese individuals cause oxidative stress. The negativ-
ities caused by free radicals are eliminated by the an-
tioxidant defense system of the cell and the
antioxidants taken through food. However, in the case
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Table 5. Correlation analyses of IHC GSTS1, GSTZ1, and GSTT1 expression levels and the
clinical and demographic characteristics

GSTS1 GSTZ1 GSTT1
Data correlation p value correlation p value correlation  p value
coefficient coefficient coefficient

Age -0.002 0.979 0,042 0.640 -0.041 0.649
Height -0.085 0.341 -0.017 0.852 0.177 0.047
Weight -0.020 0.821 -0,063 0.481 0.171 0.056
BMI 0.122 0.172 -0.034 0.707 0.070 0.439
WBC 0.030 0.741 -0.023 0.797 -0.104 0.247
HGB 0.010 0.909 -0.081 0.365 -0.117 0.190
PLT 0.046 0.608 0.188 0.035 -0.058 0.520
Glucose (fasting) 0.052 0.566 0.115 0.201 0.071 0.431
Glucose (postprandial) -0.002 0.988 0.007 0.952 0.105 0.330
HbAlc 0.052 0.578 0.180 0.052 -0.057 0.544
HDL 0.346 0.124 0.123 0.596 - -
LDL 0.309 0.262 0.209 0.454 - -
Triglyceride 0.067 0.469 0.022 0.816 0.088 0.345
Total cholesterol -0.017 0.859 0.188 0.041 0.078 0.403
Free T3 -0.060 0.507 -0.017 0.855 0.162 0.072
Free T4 0.174 0.053 0.178 0.046 0.047 0.600
TSH -0.118 0.188 0.090 0.318 0.029 0.746
Estradiol 0.053 0.699 0.212 0.117 -0.164 0.226
FSH -0.016 0.891 0.042 0.718 -0.143 0.222
LH 0.024 0.840 0.009 0.940 -0.117 0.317
Insulin -0.015 0.867 -0.043 0.636 -0.001 0.988
C Peptide -0.011 0.910 -0.010 0.914 0.013 0.889
Cortisol 0.071 0.437 0.047 0.611 0.223 0.014
ACTH 0.058 0.592 0.069 0.524 -0.001 0.991
SHBG 0.037 0.789 0.112 0.415 0.062 0.655

IHC = immunohistochemical, GST = glutathione S-transferases, GSTS1 =GST-Sigma 1, GSTZ1 = GST Zeta 1, GSTT1=
GST Theta 1, BMI = body-mass index, WBC = white blood cell, HGB = hemoglobin, PLT = platelet, HbAlc = hemoglobin
Alc, HDL = high-density lipoprotein, LDL = low-density lipoprotein, TSH = thyroid-stimulating hormone, FSH = follicle
stimulating hormone, LH = luteinizing hormone, ACTH = adrenocorticotropic hormone, SHBG =: sex hormone-binding
globiilin

of long-term obesity, antioxidant system enzymes are taken from obese patients regarding to the resuls of
lower. Obesity causes cell damage and various dis- study. However, new studies using more samples and
eases such as type 2 diabetes, cardiovascular diseases advanced techniques are needed to elucidate the rela-
and cancer. GSTs, in particular GSTS1, GSTTI1, and tionship.

GSTZ1, might contribute to molecular mechanisms

and the progression of obesity. GSTS1, GSTTI1, and Authors’ Contribution
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ABSTRACT

Objectives: The aim of the study is to reveal the most common general surgery problems during the pandemic
period in our center, where all departments only deal with COVID-19 patients.

Methods: In our study, general surgery consultations made between 1st November 2020 and 1% February 2021,
when our center only served pandemic patients, were retrospectively examined. Demographic data of the
patients, distribution of the departments where consultation was requested, reasons for consultation, pathology
detection rate, treatment modalities, mortality rates and surgical procedures were included.

Results: A total of 70 patients, 33 female, and 37 male, were included in this study. The most common problems
of the patients were gastrointestinal system (GIS) problems (46/70, 65.7%). The second most common problem
was hepatopancreaticobiliary problems (12/70, 17.1%). This was followed by soft tissue disorders, hernia
problems, and trauma cases, respectively. These were mostly treated medically, but surgical treatment was
sometimes required (77.1% vs 22.9%).

Conclusions: As reported in the literature, the most common surgical pathologies in patients diagnosed with
COVID-19 are usually related to the GIS. These pathologies can mostly be treated medically (73.9%). However,
surgical treatment was more rarely required (26.1%). The highest rate of surgical treatment was for hernia
patients (100%). In general, medical treatment was successful.

Keywords: General surgery, COVID-19, consultation, pandemic

With the COVID-19 pandemic, various medical
associations published new guidelines on the
management of diseases other than COVID-19 [1].
Based upon this, elective procedures were delayed in
many health facilities, but emergency surgery and can-
cer cases have continued their routine process. In some
centers, however, cancer and emergency surgical pro-
cedures were subject to various alterations. Uncom-
plicated appendicitis cases were treated medically in

some centers. In some centers, neoadjuvant therapy
was preferred more frequently and primarily, espe-
cially in colorectal cancer cases [2-4].

In Turkey, a total of 2,470,901 COVID-19 cases
have been detected from 11th March 2020, when the
first COVID-19 case was detected, up to 4th March
2021. 12.2% of the cases were detected in Western
Anatolian Region, in which our city is located. A study
from Turkey reported that the number of emergency
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General surgery consultations in COVID-19 patients

surgery patients, inpatient treatment, and surgical in-
terventions decreased by half'in 2020 compared to the
last 2 years [5].

The main purpose of this study is to explain which
surgical diseases and problems may be encountered in
patients with a diagnosis of COVID-19. However, de-
tailed diagnoses and treatments were not elaborated
on. Therefore, in our center, where all departments
care only for COVID-19 patients, the distribution of
general surgery consultations by departments, the rate
of those with detected pathology from these consulta-
tions, treatments given, and the most common
pathologies was investigated.

METHODS

This retrospective study was carried out between 1
November 2020 and 1st February 2021, during which
the General Surgery Department at the University of
Health Sciences, Konya Meram Training and Re-
search Hospital cared only for pandemic patients. The
ethics committee of the University of Health Sciences
approved the study (Numberr: 21-170, Date:
12/02/21). The data were retrospectively obtained via
the hospital's electronic file system and clinical notes.
Investigated parameters included patients' demo-
graphic data, the distribution of the departments re-
questing a consultation, reasons for consultations, the
rate of those with detected pathology, the rate of pa-
tients taken over by our department, ways of treatment
given, mortality rates, and performed surgical proce-
dures. Rates were calculated according to the per num-
ber of patients consulted.

Because the patients were COVID-19 positive, pa-
tients’ physical examinations, work-ups, anesthesiol-
ogy procedures, surgery, and postoperative follow-ups,
and all other procedures were performed using protec-
tive equipment by taking all necessary protective
measures.

Statistical Analysis

Descriptive statistics, including means, standard
deviations, medians, minimums, maximums, frequen-
cies, and rates, were calculated. For analyses, Statisti-
cal Package for the Social Sciences (SPSS), version
22.0 (SPSS Inc., Chicago, IL, ABD) program was
used.

Table 1. Patient characteristics and reasons for
consultation

Characteristics n %
Gender
Male 37 52.9
Female 33 47.1
Reasons
Gastrointestinal system 46 65.7
Acute appendicitis 11 15.7
Constipation 9 12.9
Nonspecific abdominal pain 6 8.6
Malnutrition 5 7.1
Lower gastrointestinal bleeding 4 5.7
lleus 3 4.3
Peptic ulcer and complications 1 1.4
Foreign body ingestion 2 2.9
Sigmoid volvulus 1 1.4
Perianal abscess 1 1.4
Diarrhea 1 1.4
Hemorrhoids 1 1.4
Inflammatory bowel 1 1.4
Hepatopancreaticobiliary system 12 17.1
Cholecystitis 6 8.6
Mechanical jaundice 3 43
Pancreatitis 2 2.8
Portal vein thrombosis 1 1.4
Soft tissue disorders 6 8.6
Surgical site infection 4 5.7
Decubitus ulcer 1 1.4
2. degree burn 1 1.4
Hernia 4 5.7
Incarcerated inguinal hernia 3 4.3
Incarcerated umbilical hernia 1 1.4
Trauma 2 2.8
Firearm injury 1 1.4
Sharps injury 1 1.4
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RESULTS

A total of 70 patients, 33 females and 37 males, were
included in this study. In Table 1, patients' general fea-
tures, the type of follow-up, and the reason for con-
sultation are given in detail.

In Table 2, the distribution of the departments re-
questing consultation is given. Among the depart-
ments, the one that requested consultation most
frequently was the Emergency Department (46/70,
65.7%). The second most common problem was he-
patopancreaticobiliary problems (12/70, 17.1%). This
was followed by soft tissue disorders, hernia problems,
and trauma cases, respectively. Fourteen patients were
consulted while being followed up in secondary and
tertiary intensive care units (14/70, 20%).

Of the consulted patients, 16 were given surgical
treatment (16/70, 22.9 %), and 37 were given medical
treatment (37/70, 52.9%). No surgical pathology was
detected in the remaining 17 patients (17/70, 24.3%).
Mortality was developed in only 1 of these patients
(1/70, 1.4%).

In Table 3, a classification of the diseases and
treatment approaches is given. The most common
problems of the patients were gastrointestinal system
problems (46/70, 65.7%). These include, in descend-
ing order, acute appendicitis (11/70, 15.7%), constipa-
tion (9/70, 12.9%), nonspecific abdominal pain (6/70,
8.6%), feeding problems (PEG and NG placement)
(5/70, 7.1%), lower GI bleeding (4/70, 5.7%), ileus
(3/70, 4.3%), peptic ulcer and its complications (1/70,
1.4%), foreign body ingestion (2/70, 2.9%), sigmoid
volvulus (1/70, 1.4%), perianal abscess (1/70, 1.4%),
gastroenteritis (1/70, 1.4%), thrombosed hemorrhoid

(1/70, 1.4%), and inflammatory bowel disease (1/70,
1.4%).

At the second rank were hepatopancreatic biliary
system problems (12/70, 17.1%). These included cases
of acute cholecystitis (6/70, 8.6%), mechanical jaun-
dice (3/70, 4.3%), acute pancreatitis (2/70, 2.9%), and
portal vein thrombosis (1/70, 1.4%).

At the third rank was soft tissue disorders (6/70,
8.6%). These included postoperative wound site infec-
tions (4/70, 5.7%), decubitus ulcers (1/70, 1.4%), and
burn wounds (1/70, 1.4%).

Hernia problems were the fourth most common
reason for admission (4/70, 5.7%). Of these, three pa-
tients were operated on for incarcerated inguinal her-
nia (3/70, 4.3%), and one patient was operated on
urgently for incarcerated umbilical hernia (1/70,
1.4%).

Among the last causes of admission were trauma
cases (2/70, 2.9%). One was a gunshot, and the other
was a sharp injury. In the case of gunshot injury in-
volving the lower extremities and anal region, the pa-
tient was followed up, as no surgical pathology was
detected (1/70, 1.4%). The other case was followed up
due to liver injury and did not require surgery (1/70,
1.4%).

DISCUSSION

In this study, general surgery-related problems of pa-
tients diagnosed with COVID-19 were hospitalized in
the largest pandemic hospital in the city during the
COVID-19 pandemic. Even though the disease disap-
pears during these days of vaccination, the late-term

Table 2. The distribution of treatment types according to the services requested for consultation

Departments Treatment types Total
n (%) n (%)
Medical Surgical Conservative
Emergency service 11 (15.7) 16 (22.9) 13 (18.6) 40 (57.1)
Others 12 (17.1) 0(0) 4(5.7) 16 (22.9)
Intensive care unit 14 (20) 0 (0) 0(0) 14 (20)
Total 37 (56.5) 16 (18.8) 17 (24.6) 70 (100)
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Table 3. The distribution of treatment types according to systems

Surgical treatment Medical and Total
n (%) conservative treatment
n (%)
Gastrointestinal system 12 (26.1) 34 (73.9) 46
Hepatopancreaticobiliary system 0(0) 12 (100) 12
Soft tissue disorders 0(0) 6 (100) 6
Hernia 4 (100) 0 (0) 4
Trauma 0(0) 2 (100) 2
Total 16 (22.9) 54 (77.1) 70

effects of COVID-19 will continue. In addition to res-
piratory problems, pathologies related to other systems
will arise. This also includes the department of general
surgery.

It will be beneficial to know surgical diseases that
develop in patients being followed up with the diag-
nosis of COVID-19 and to take measures in arranging
treatment of these diseases. Therefore, our study is im-
portant to be the first one in reporting general surgery
pathologies that develop in patients diagnosed with
COVID-19.

In previous studies conducted with COVID-19 pa-
tients, gastrointestinal system problems have been re-
ported to be common. It has been revealed that the
tropism of the SARS coronavirus (SARS-CoV) to the
gastrointestinal system (bowel) has been verified by
the detection of the virus in biopsy specimens and
stools of even discharged patients, and this, thusly,
may provide partial explanations for gastrointestinal
symptoms [6, 7]. The frequency of gastrointestinal
symptoms, including nausea and/or diarrhea, was re-
ported as under 5% by some authors and as high as
50% by others [8]. Apart from these problems, ileus,
constipation, mesenteric ischemia, and feeding prob-
lems are also observed. Although these GIS compli-
cations are thought to be associated with
pharmacological adverse events and metabolic and
electrolyte disorders, vascular thromboses or viral en-
teroneuropathies, which are induced by severe
COVID-19 respiratory problems, may also lead to this
[9]. In a previous study, it was reported that the pres-
ence of gastrointestinal symptoms might be associated
with a longer duration of hospital stay, a lower rate of

ICU admission, and lower mortality among COVID-
19-positive patients. This, in turn, has led to the com-
ment that COVID-19 may have a slower progression
in those with GIS symptoms [10].

In our study, the patients consulted our department
most commonly for GIS pathologies (65.7%). Among
these, the most common surgical pathology was acute
appendicitis, and the most common pathology treated
medically was constipation (15.7%-12.9%). This was
followed by, in descending order, nonspecific abdom-
inal pain, feeding problems, and diarrhea. We are in
thought of impaired mobilization of patients due to
low oxygen saturation and increased constipation. Fur-
thermore, the necessity of uninterrupted use of nonin-
vasive and invasive ventilators raises feeding
problems for patients. This, in turn, leads to a consul-
tation with the department of general surgery for the
resolution of enteral feeding problems. In some stud-
ies, enterally-fed patients had higher respiratory com-
plication rates, and longer duration of noninvasive
ventilation (NIV) compared to that unfed enterally
[11]. Preference for parenteral nutrition is more appro-
priate for these patients, as enteral feeding methods
may cause nasogastric air leaks and endanger the ef-
fectiveness of NIV or CPAP [12]. Therefore, the pref-
erence for enteral routes for patients without these
mentioned risks is recommended [13]. Also, in our
clinic, interventions for enteral feeding of these pa-
tients were performed, and enteral feeding was pro-
vided by placing nasogastric or orogastric tubes.

Another important GIS pathology is GIS bleeding.
COVID-19 cases presenting with GIS bleeding have
been reported in the literature [14]. However, since an-
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tiaggregant therapy is usually routinely used in these
patients, these bleeding conditions may arise. We think
that antiaggregant therapy may have affected bleeding
in our patients. Predisposition to embolism in these
patients has been reported in several studies. If there
is no abundant bleeding that may impair the stability
of the patient, these patients may continue their anti-
aggregant therapy with appropriate blood transfusions
and monitoring. In the patients we followed up on, this
bleeding stopped with medical treatment, and blood
transfusions and antiaggregant therapies were not dis-
continued.

The second most common pathologies are he-
patopancreatobiliary system pathologies (17.1%).
These include acute cholecystitis, obstructive jaun-
dice, acute pancreatitis, and portal vein thrombosis. In
some studies in the literature, an increase in the inci-
dence of acute acalculous cholecystitis in patients with
a long hospital stay due to COVID-19 was reported
[15]. However, our patients more commonly had cal-
culous cholecystitis. Antibiotherapy of these patients
was arranged, and the patients were cured with med-
ical treatment and then discharged with the recommen-
dation of elective cholecystectomy. Some authors
determined an association between acute pancreatitis
and COVID-19 that causes patients to have a higher
risk of multiorgan insufficiency, morbidity, and mor-
tality [16]. In our clinic, the cases that developed pan-
creatitis were successfully treated with medical
treatment. In the literature, the development of portal
vein thrombosis was reported in patients with SARS-
CoV-2 infection. This, in turn, was reported to be as-
sociated with a hypercoagulability state in these
patients and COVID-19-related increased risk of ve-
nous thrombosis [17, 18]. Portal vein thrombosis ob-
served in one of our patients was evaluated in this
manner, the medical treatment was arranged in the
clinic, the patient was hospitalized, and the patient was
then discharged with a cure.

It is possible to carry on the treatment of the pa-
tients consulted to the department of general surgery
in the department that hospitalized the patient. In our
study, this seems to be succeeded with a rate of 67.1%.

Limitations

Limitations of this study include a limited number
of patients, being a single-center study, lack of ran-
domization, and retrospective design of the study.

CONCLUSION

In conclusion, considering all departments and dis-
eases, the patients consulted by the department of gen-
eral surgery were treated medically to a great extent
(77.1%). All of the operated patients were those con-
sulted from the emergency department. The mortality
rate was low (1.45%). Follow-up and treatment of all
diseases can be successfully conducted when the
measures were taken with the appropriate types of
equipment. This study addresses the diseases and con-
ditions that may be encountered in patients diagnosed
with COVID-19. In this manuscript, diagnoses and
treatments of these diseases were not elaborated. Ad-
dressing these diseases' diagnoses and treatments elab-
orately is another study's subject. Addressing Patients'
diagnoses and treatments were not elaborated on, as
addressing diagnoses and treatments of consulted pa-
tients in detail is another study's subject. Explaining
the situations which surgeons in hospitals caring for
patients diagnosed with COVID-19 may encounter is
the objective of this study.
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ABSTRACT

Objectives: To compare patients with symptomatic nodal hand osteoarthritis (OA) with a control group in
respect of inflammation parameters, uric acid, and hematological parameters.

Methods: The study included 50 post-menopausal female patients, aged 40-80 years, diagnosed with
symptomatic nodal hand OA, and a control group of 50 post-menopausal females in the same age range with
no hand OA. Patient data including age, monocyte, neutrophil, lymphocyte, and thrombocyte counts,
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) level, uric acid level, and the Kellgren-
Lawrence (KL) score obtained from evaluations of hand radiographs, were recorded retrospectively from the
hospital information system. The neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and
monocyte-lymphocyte ratio (MLR) were calculated. The data were compared between the two groups.
Results: The data of 100 females were compared, comprising a patient group of 50 patients with symptomatic
nodal OA, and a control group of 50 females. Age, monocyte, neutrophil, lymphocyte, and thrombocyte counts,
NLR, PLR, MLR, ESR, CRP, and uric acid level were compared. With the exception of MLR and ESR, no
statistically significant difference was determined between the two groups. The MLR was determined to be
statistically significantly higher in the control group than in the patient group (p = 0.024). The ESR was
determined to be statistically significantly higher in the patient group than in the control group (p < 0.001).
When patients with a KL score of 2 and 3 were compared, with the exception of age, no other difference was
determined. Patients with a KL score of 3 were seen to be significantly older (p = 0.032).

Conclusions: ESR was determined to be significantly higher in patients with symptomatic nodal OA.
Clarification of the relationship between inflammation, uric acid, and hand OA, which is a heterogeneous
disease, will be useful in the follow-up and treatment of patients.

Keywords: Hand osteoarthritis, monocyte-lymphocyte ratio, neutrophil-lymphocyte ratio, uric acid,
erythrocyte sedimentation rate, C-reactive protein

Osteoarthritis (OA) is the most commonly seen
joint disease worldwide. The frequency of OA is
increased together with an increase in obesity and age-
ing [1]. The hand is one of the most frequently in-
volved areas, and hand OA is seen more often in

females [2]. In the Framingham study, the incidence
of radiographic hand OA was determined to be 34%,
and the incidence of symptomatic hand OA was 7%
[3]. Symptoms may be in the form of pain, stiffness,
restricted movement, and decreased grip strength.

4+ 0‘0

*

W 7 2023:9(3):561-556. DOI: 10.18621/eurj.1214186

¢-ISSN: 2149-3189

Received: December 3, 2022; Accepted: March 13, 2023; Published Online: March 30, 2023

b}
v % How to cite this article: Unal Enginar A. Evaluation of the uric acid and hematological parameters in patients with nodal hand osteoarthritis. Eur Res

Address for correspondence: Ayse Unal Enginar, MD., Konya City Hospital, Department of Rheumatology, Akabe Mah., Adana Cevre Yolu Cad., No:135,

42020, Konya, Turkey. E-mail: ftrdrayseenginar@gmail.com, Phone: +90 332 310 50 00

“Copyright © 2023 by Prusa Medical Publishing
Available at http://dergipark.org.tr/eurj
info@prusamp.com

The European Research Journal < Volume 9 « Issue 3 < May 2023

561


http://orcid.org/0000-0003-0273-6268
http://www.prusamp.com
http://dergipark.org.tr/eurj

Eur Res J 2023;9(3):561-566

Hematological parameters in patients with nodal hand osteoarthritis

Hand OA is a heterogenous disease [4]. Obesity and
genetic factors are significant risk factors for hand OA
[5]. Hand OA can be separated into subgroups of first
carpometacarpophalangeal joint OA, erosive joint OA,
and nodal hand OA. In the subgroup of nodal OA,
there may be nodules in the distal interphalangeal and
proximal interphalangeal joints. These nodules are
named Heberden and Bouchard nodules, respectively
[2]. Mechanical, inflammatory, and metabolic factors
are involved in the pathogenesis of OA. In the light of
new information about the pathogenesis in the last 10
years, OA is now defined as a multifactorial diseases
characterised by low-grade chronic inflammation,
rather than as a degenerative disease which progresses
with wear and destruction.

Unlike rheumatoid arthritis, there is chronic, low-
grade inflammation mediated by the immune system
from birth [6, 7]. There is no specific laboratory test
for OA, although the erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) level may be
slightly increased in OA patients. This is more evident
in patients with erosive hand OA [8]. There are few
studies related to the parameters of uric acid [9, 10],
neutrophil-lymphocyte ratio (NLR) and platelet-lym-
phocyte ratio (PLR) in OA, and these studies have
been conducted more on patients with knee OA [11-
13].

The aim of this study was to evaluate these param-
eters, which are often used in daily practice, in patients
with symptomatic nodal hand OA.

METHODS

The study included 50 post-menopausal females in the
age range of 40-80 years, who presented at the
Rheumatology Clinic between January and May 2022,
and were diagnosed with symptomatic nodal hand OA
according to the American College of Rheumatology
(ACR) hand OA classification criteria. A control group
was formed of 50 post-menopausal females in the age
range of 40-80 years, with no hand OA. Patient data
including age, monocyte, neutrophil, lymphocyte, and
thrombocyte counts, ESR, CRP level, uric acid level,
and the Kellgren-Lawrence (KL) score obtained from
evaluations of hand radiographs, were recorded retro-
spectively from the hospital information system. The
NLR, PLR, and monocyte-lymphocyte ratio (MLR)

were calculated.

Patients and control subjects were excluded from
the study if they were pregnant, had any malignant dis-
ease, active infection, erosive hand OA, rheumatoid
arthritis, psoriasis, psoriatic arthritis, gout, chondro-
calcinosis, chronic liver or kidney disease, were using
diuretics, or had any trauma-related deformity or con-
tracture in the hand joints.

The study protocol was approved by the Ethics
Committee of Necmettin Erbakan University Faculty
of Medicine (Decision number 2022/3849).

Statistical Analysis

The SAS version 9.4 was used for statistical analy-
sis. While evaluating the study data, descriptive sta-
tistics, including the mean, standard deviation,
median, frequency, ratio, minimum and maximum val-
ues were obtained. The Kolmogorov- Smirnov test
was conducted to check the normality distribution of
independent data. Since the data were found to be non-
normally distributed, the independent mann Whitney
U test was used for the comparative analysis. The
chisquare test was used for the analysis of qualitative
independent data. Pearson correlation coefficient (rs)
was used for correlations between parametric data.Sta-
tistical significance was accepted as p < 0.05.

RESULTS

The findings of 100 females were compared, compris-
ing a patient group of 50 patients with symptomatic
nodal OA, and a control group of 50 females. Age,
monocyte, neutrophil, lymphocyte, and thrombocyte
counts, NLR, PLR, MLR, ESR, CRP, and uric acid
level were compared. With the exception of MLR and
ESR, no statistically significant difference was deter-
mined between the two groups. The MLR was deter-
mined to be statistically significantly higher in the
control group than in the patient group (p = 0.024).
The ESR was determined to be statistically signifi-
cantly higher in the patient group than in the control
group (p <0.001) (Table 1). When patients with a KL
score of 2 and 3 were compared, with the exception of
age, no other difference was determined. Patients with
a KL score of 3 were seen to be significantly older (p
=0.032) (Table 2).
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Table 1. Relationship of blood parameters between osteoarthritis patients and the control group

Groups
Patient (n = 50) Control (n = 50) p value
Median (IQR) Median (IQR)
n (%) n (%)
Age (years) 65.0 (60.0-68.0) 61.5 (59.0-65.0) 0.13
Neutrophil (x 10°/L) 3.5(3.0-5.1) 3.9 (3.2-4.8) 0.64
Lymphocyte (x 10°/L) 2.3 (2.1-3.0) 2.4(1.9-2.9) 0.59
Monocyte (x 10°/L) 0.6 (0.5-0.7) 0.6 (0.6-0.8) 0.13
Platelet (x 10°/L) 241.5 (202.0-293.0) 275.0 (225.0-323.0) 0.06
NLR 1.5 (1.3-2.0) 1.7 (1.4-2.0) 0.24
PLR 100.9 (85.5-120.9) 109.6 (91.5-140.5) 0.05
MLR 0.2 (0.2-0.3) 0.3 (0.2-0.3) 0.024
Uric acid (mg/dL) 4.6 (3.7-5.9) 4.4 (3.1-5.5) 0.12
ESR (mm/h) 20.5 (16.0-26.0) 7.5 (3.0-18.0) <0.001
CRP (mg/dL) 2.0 (1.3-3.0) 2.4 (1.5-3.6) 0.45
KL score
Grade 2 43 (86.00) 00 (0.00)
Grade 3 07 (14.00) 00 (0.00)

NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio, MLR = monocyte-lymphocyte ratio, ESR =
erythrocyte sedimentation rate, CRP = C-reactive protein, KL = Kellgren-Lawrence

Table 2. Comparison of KL score

KL score
Grade 2 Grade 3 p value
(n=43) mn=7)
Median (IQR) Median (IQR)

Age (years) 64.0 (58.0-67.0) 68.0 (66.0-73.0) 0.032
Neutrophil (x 10°/L) 3.5(3.0-5.1) 3.9 (3.5-5.2) 0.20
Lymphocyte (x 10°/L) 2.3(2.1-3.0) 2.3(2.1-3.0) 1.00
Monocyte (x 10°/L) 0.6 (0.5-0.7) 0.7 (0.5-0.8) 0.39
Platelet (x 10°/L) 235.0 (200.0-292.0) 284.0 (234.0-333.0) 0.14
NLR 1.5 (1.3-2.0) 1.8 (1.0-2.2) 0.62
PLR 100.9 (85.4-118.6) 104.0 (94.2-149.3) 0.29
MLR 0.2 (0.2-0.3) 0.3 (0.2-0.3) 0.39
Uric acid (mg/dL) 4.7 (3.7-5.9) 4.5 (3.7-5.8) 0.98
ESR (mm/h) 20.0 (15.0-25.0) 22.0 (18.0-29.0) 0.17
CRP (mg/dL) 2.1(1.3-3.0) 1.9 (1.2-4.5) 0.82

KL = Kellgren-Lawrence, NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio, MLR = monocyte-
lymphocyte ratio, ESR = erythrocyte sedimentation rate, CRP = C-reactive protein
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DISCUSSION

The results of this study demonstrated that ESR was
higher and the MLR was lower in females with nodal
hand OA. In a study by Gao et al., it was reported that
the MLR could be diagnostic in patients with knee
OA. Patients with a KL score of grade 3 and 4 were
included and the MLR was determined to be statisti-
cally significantly higher in patients at KL grade 4
compared to those at grade 3 [11]. The current study
examined patients with hand OA and KL score of
grade 2 and 3, but the greater number of patients with
grade 2 could have affected the results. Shi ez al.[12]
reported that PLR could show inflammation in knee
OA. In another study, no relationship was determined
between NLR and symptomatic knee OA [13]. In the
current study, no difference was determined between
the patients and the control group in respect of NLR
and PLR.

In a previous meta-analysis, high-sensitive CRP
(hsCRP) levels were determined to be at a moderately
high level in patients with OA. A relationship was de-
termined between hsCRP and clinical symptoms such
as pain and function loss, but no correlation was de-
termined between hsCRP and the KL score [15].

In another study that included 694 patients with
hand OA, no relationship was determined between ra-
diographic OA and inflammatory biomarkers [16].
Levels of hsCRP have been determined to be signifi-
cantly higher in patients with erosive OA compared to
patients with non-erosive OA [17]. A correlation has
been shown between pain and higher body mass index
(BMI) in patients with hand OA, and it has been re-
ported that low-grade inflammation measured with
hsCRP could be associated with pain in obese patients
[18]. In a study of patients with advanced stage knee
and /or hip OA, the CRP level was reported to be
higher in females and elevated CRP was found to be
correlated with joint pain [19]. Another study reported
that ESR and the hsCRP level in patients with knee
OA were higher than in patients without knee OA [20].
Erosive OA patients were compared with non-erosive
OA patients in another study, and ESR and CRP levels
were found to be higher in the non-erosive group [21].
In the current study, although ESR was found to be
higher in the patients than in the control group, no sig-

nificant difference was determined in respect of CRP.
However, most previous studies have used hsCRP, and
this difference could be related to that.

There are studies in literature which have aimed
to understand the relationship between OA, uric acid,
and gout, but this relationship has not yet been clearly
explained. The combination of gout and OA is known.
It is thought that hyperuricemia could lead to the pro-
gression of OA, or there could be a two-way relation-
ship between a predisposition to the development of
gout in a joint with OA [22, 23].

Ding et al. [9] reported that there was a relation-
ship between hyperuricemia and osteophytes in fe-
males with knee OA. In another study of 71 patients
with knee OA, more abnormalities were observed on
MRI in those with high levels of serum uric acid [10].
From a study in which patients with knee OA and no
gout were followed up for 24 months, there was ob-
served to be greater narrowing of the joint space in
those with a high level of uric acid [24]. In another co-
hort study, no significant relationship was determined
between tibiofemoral cartilage loss seen on MRI and
serum uric acid level [25]. Uric acid can activate
NLRP3 (Nacht, leucine-rich repeat and pyrin domain
containing protein 3) and as a result, IL-18 and IL-1§
levels increase. In a study that analyzed the synovial
fluid of patients with knee OA and no gout, increased
IL-18 and IL-1p levels were found to be corrrelated
with the serum uric acid level. This was determined
radiographically and scintigraphically to be related to
the severity of knee OA [26]. It has been reported that
while uric acid at low concentrations is chondropro-
tective and anti-inflammatory [27], at high levels it
can trigger OA. Therefore, it may play an antioxidant
or pro-oxidant role [289. In the current study, uric acid
was determined at a higher level in the OA patients
than in the control group, but the difference was not
determined to be statistically significant, and no dif-
ference was determined between patients with KL
score of 2 and 3.

Limitations

Limitations of this study can be said to be that it
was conducted in a single centre, the number of pa-
tients was relatively low, and comorbidities were not
reported.
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CONCLUSION

In conclusion, the results of this study demonstrated
that the ESR was significantly higher in patients with
symptomatic nodal hand OA compared to the control
group. However, as hand OA is a heterogenous dis-
ease, there is a need for further studies related to uric
acid and inflammation parameters.
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ABSTRACT

Objectives: Ischemia/reperfusion (I/R) injury is commonly seen in cardiovascular surgery, activates
inflammation and causes renal damage. In this experimental study, we aimed to assess the effects of different
doses (5 and 30 mg/kg) of methylprednisolone (MP), which has anti-inflammatory effect, on renal
ischemia/reperfusion (I/R) injury.

Methods: Thirty-two male Wistar albino rats were randomly divided into four groups (n = 8). The sham group
underwent midline laparotomy and dissection of the abdominal aorta without occlusion while the I/R group
underwent suprarenal aortic ischemia for 45 minutes followed by 180 minutes of reperfusion. In the 5 mg/kg
MP and 30 mg/kg MP groups, MP was administered intraperitoneally. At the end of the experiment, blood
samples were obtained, and kidneys were extracted.

Results: Pretreatment with methylprednisolone did not influence serum BUN and creatinine levels. Serum
TNF-a levels and ischemia-modified albumin levels were significantly lower in the MP groups compared to
the I/R group (p < 0.05). Histological examination demonstrated severe injury in the I/R group and treatment
with MP attenuated the severity. The difference was significant in doses of 30 mg/kg MP.

Conclusions: This results of the model of renal I/R injury presented in this work reveal the anti-inflammatory
and the protective effects of MP in cases of renal I/R.

Keywords: Ischemia-reperfusion injury, kidney, methylprednisolone, inflammation

vates inflammatory mediators, leading to leukocyte
activation and leukocyte endothelial adhesion, which

Ischemia—reperfusion (I/R)-induced acute renal in-
jury is a significant complication and one of the

most important causes of morbidity and mortality in
cardiovascular surgery [1]. Lack of oxygen caused by
ischemia leads to a shift to anaerobic glycolysis, de-
pletion of ATP, increased intracellular calcium, and
formation of reactive oxygen species (ROS), resulting
in cell apoptosis and necrosis [2]. While restoring the
blood flow can save the affected tissue, it also acti-

may in turn cause multi-organ dysfunction and death
[3,4].

Glucocorticoids have been used for their anti-in-
flammatory and immunosuppressive effects [5].
Methylprednisolone (MP) is a synthetic glucocorticoid
with many systemic effects, the most important of
which include anti-inflammatory, immunosuppressive,
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and catabolic effects in protein metabolism. It was pre-
viously demonstrated that steroid administration in
cases of renal I/R injury protected the morphology of
tubular epithelium while reducing leukocyte infiltra-
tion and plasma interleukin-6 and serum creatinine
concentrations in kidney tissues [6, 7].

Considering the data reported in the literature to
date, we aimed to investigate the protective effects of
different doses of MP against renal I/R injury in this
experimental study.

METHODS

This study was approved by the Local Experimental
Animal Ethics Committee of Uludag University with
the number of 2018-04/07. Thirty-two male Wistar al-
bino rats weighting 200-250 gr were employed for the
study. All rats were permitted free access to standard
chow and drinking water. They were maintained on a
12:12-hour light/dark cycle at a temperature of 22 +
2°C. The included rats were randomly assigned to one
of four groups with each group comprising eight ani-
mals. The rats were anesthetized intraperitoneal with
50 mg/kg ketamine hydrochloride (Ketalar,
Eczacibasi, Istanbul, Turkey) and 5 mg/kg xylazine
hydrochloride (Rompun, Bayer, Istanbul, Turkey). Ad-
ditional ketamine HCL was administered if needed. In
Group 1 (Sham group), a midline laparotomy incision
was made, and the intestines were wrapped in a warm
wet sterile gauze. Blood samples were taken from the
right ventricle, and the kidneys were extracted. In
Group 2 (I/R group), the aorta was clamped at the
level of the superior mesenteric artery for 45 minutes.
After achieving reperfusion for 3 hours, blood samples
were taken from the right ventricle, and kidneys were
extracted. Before ischemia was induced in Group 3 (5
mg MP group) and Group 4 (30 mg MP group), 5
mg/kg MP and 30 mg/kg MP were injected intraperi-
toneally, respectively. Following 45 minutes of is-
chemia, 3 hours of reperfusion was achieved in both
groups and then blood samples were taken from the
right ventricle and kidneys were extracted.

Blood samples were centrifuged at 4000 rpm to
separate the serum, and serum samples were stored at
-80 °C. Levels of blood urine nitrogen (BUN; mg/dL)
and creatinine (mg/dL) were determined by spec-
trophotometric analysis using commercially available

assay kits (Abbott Diagnostics, Abbott Park, IL,
USA). Serum TNF-a concentrations were assayed
using a commercial ELISA kit and measured at 540
nm using a Readwell Touch ELISA plate analyzer
(Robonik Pvt. Ltd., Mumbai, India). Malondialdehyde
(MDA) concentration was assayed using a spectropho-
tometric method [8]. Ischemia-modified albumin
(IMA) was studied using the spectrophotometric
method suggested by Bar-Or et al. [9], and results are
reported in absorbance units (ABSU).

Histopathological Examinations

Paraffin sections from fixed kidneys (5 pm in
thickness) were cut and stained using a standard pro-
tocol for hematoxylin and eosin. Renal slides from
each group were also scored. Severe tubular lysis, loss
of brush border, and/or sloughed debris in the tubular
lumen space were considered as damage of tubules.
Tubular damage was graded as follows: 0 = no dam-
age; 1 = 0-25% damaged tubules; 2 = 25-50% dam-
aged tubules; 3 = 50-75% damaged tubules; 4 =>75%
damaged tubules.

Statistical Analysis

Statistical analysis was performed using IBM
SPSS Statistics 20.0 for Windows (IBM Corp., Ar-
monk, NY, USA). Results were given as mean + stan-
dard error of the mean (SEM). Multiple group
comparisons were performed using ANOVA with
Bonferroni post-tests. Values of p < 0.05 were consid-
ered significant.

RESULTS

Histopathological examination revealed severe injury
in the I/R group (Fig 1). Treatment with 30 mg of MP
significantly attenuated the severity of the injury (p <
0.001). Histological damage scores were lower in the
5 mg MP group than in the I/R group; however, this
difference was not significant (Fig. 2).

Serum creatinine levels were significantly lower
in the 5 mg MP (p = 0.002) and 30 mg MP (p = 0.02)
groups compared to the I/R group (p < 0.05) (Fig. 3).
Serum urea levels were significantly lower in the 30
mg MP group (p < 0.001) compared to the I/R group
(p <0.05) (Fig. 3). There was no significant difference
between the I/R group and 5 mg MP group.
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Fig. 1. Kidney sections prepared for hematoxylin and eosin staining to evaluate histological injury. (a) Sham Group, (b) I/R
Group, (¢) 5 mg/kg MP Group, (d) 30 mg/kg MP Group. Asterisk indicates vacuolar degenerations.

Serum TNF-a levels were significantly lower in the
sham (p < 0.001), 5 mg MP (p = 0.006), and 30 mg
MP (p < 0.001) groups compared to the I/R group (p
< 0.05) (Table 1) (Fig. 4a). There was no significant
difference between the sham group and 30 mg MP
group (p = 0.9). However, serum TNF-a levels were
significantly higher in the 5 mg MP group compared
to the sham (p < 0.001) and 30 mg MP (p = 0.02)
groups (p < 0.05). Although serum MDA levels were
higher in the I/R group (Fig. 4b), there was no signif-

icant difference between the groups.

Serum troponin I (Tnl) levels were higher in the
I/R (p <0.001), 5 mg MP (p <0.001), and 30 mg MP
(p = 0.001) groups compared to the sham group (p <
0.05) (Fig. 4c). Although there was no statistically sig-
nificant difference, serum Tnl levels were found to be
lower in the 30 mg MP group compared to the I/R (p
=1) and 5 mg MP (p = 0.62) groups.

Serum IMA levels were higher in the I/R group
compared to the sham (p = 0.02), 5 mg MP (p =

Histological Damage Score

Sham VR

5 mg MP 30mg MP

W Histological Damage Score

Fig. 2. Histological damage scores. All values are shown as mean =+ standard error of mean (n = 8).
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Fig. 3. Serum creatinine and BUN levels. All values are shown as mean + standard error of mean (n = 8).

0.015), and 30 mg MP (p = 0.011) groups (Table 1)
(Fig. 4d). Serum IMA levels were lower in the sham
group than in the 5 mg MP and 30 mg MP groups, but
this difference was not significant (p =1 and p =1, re-
spectively).

DISCUSSION

The results of this study revealed that MP attenuated
acute renal injury in a dose-dependent manner. Lower
plasma TNF-a, MDA, and IMA levels were found in
the MP groups. Moreover, MP administration attenu-
ated the renal histological injury associated with I/R.
During abdominal aortic surgery, the clamping of
the aorta and the subsequent restoration of blood flow
causes I/R injury, which affects not only mesenteric
tissues but also remote organs [10]. Tissue hypoxia,
energy production through anaerobic metabolism, lac-
tic acid accumulation, and ROS production are the
main mechanisms of I/R injury processes [11]. An
acute inflammatory response occurs with the activa-
tion of neutrophils due to I/R damage [12]. The exces-
sive production of ROS and cytokine release cause

distant organ injury and apoptosis via lipid peroxida-
tion in cell membranes with oxidative damage to DNA
and proteins [1, 13].

TNF-a and IL-1p induce chemokines that play an
important role in the recruitment process of leuko-
cytes. Therefore, they are important parts of the in-
flammatory reaction induced by acute kidney injury
[14]. As a result of renal inflammation, endothelial cell
activation, vascular disruption, and increased vascular
permeability occur. This facilitates leukocyte recruit-
ment in the renal parenchyma [15]. It has been demon-
strated that steroid administration reduces I/R injury
in many organs [16, 17]. In a study investigating the
effect of steroids on renal damage, Kumar et al. [5]
subjected rats to bilateral renal ischemia for 60 min,
followed by reperfusion for 2 or 24 h. They found that
a single dose of 3 mg/kg of dexamethasone 30 min be-
fore ischemia, or at the onset of reperfusion amelio-
rated biochemical and histological acute kidney injury
[5]. In the present study, histopathological examina-
tion revealed that while vacuolar degenerations oc-
curred in the renal tubules after ischemia-reperfusion,
degeneration decreased in methylprednisolone admin-
istered groups. Moreover, it was observed that vacuo-

Table 1. Plasma TNF-o¢, MDA, Tnl and IMA levels in groups

TNF-a (pg/dl) MDA (mmol/L) Tnl (ng/dl) IMA (ABSU)
Sham 139.6 +22.53 0.49 £0.35 2145+142.4 0.255+£0.031
/'R 264.6 = 36.69 1.03 £0.59 774 £221.3 0.464 = 0.093
5 mg MP 209.9 £21.01= 0.90 +0.59 666.1 = 188.5 0.297 £0.172+*
30 mg MP 147.9 + 3517+ 0.71 £ 0.52 615.9 +£190.7 0.290 £ 0.041

Values are expressed as the mean + standard deviation. I/R = Ischemia/Reperfusion, MP = Methylprednisolone, TNF-a =
Tumor necrosis factor-alpha, MDA = Malondialdehyde, Tnl = Troponin I, IMA = Ischemia modified albumin.

* p <0.05 (I/R vs 5 mg MP), ** p <0.05 (I/R vs 30 mg MP).
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Fig. 4. Inflammatory markers in plasma: Effects of methylprednisolone plasma levels of (a) TNF-c<, (b) MDA, (¢) Tnl, (d)
IMA in rats. All values are shown as mean + standard error of mean (n = 8).

lar degenerations decreased with increasing dose. This
was interpreted as metilprednisolone dose-depen-
dently (30 vs. 5 mg/kg) reduced I/R injury (Figs. 1 and
2).

Baker et al. [18] also investigated the effects of
steroids on renal damage in their study, in which
clamped infrarenal abdominal aorta for 150 min fol-
lowed by 180 min of reperfusion in a porcine model
and showed that MP reduced the reperfusion injury of
kidneys at a dose of 30 mg/kg. Fontana et al. [6]
searched effects of 5 mg/kg s.c. daily prednisolone ad-
ministration on ischemia-reperfusion injury. They
demonstrated that continuous prednisolone application
has protective effects and prednisolone treated group
had significantly reduced TNF-a levels. Gozdzik ef al.
found that combination of inhaled NO and IV steroid
diminished the systemic inflammatory response in I/R
injury animal model and significantly lower TNF-a
and IL-10 levels in treatment group [19]. In the present
study, the TNF-a levels, one of the indicators of renal
damage, were examined. Treatment with both 5 and
30 mg MP significantly reduced the serum TNF-a lev-
els when compared to the I/R group (p < 0.05). How-
ever, this reduction was more evident in 30 mg/kg
group, and the serum TNF-a levels were significantly
lower when compared to the 5 mg MP group.

MDA, the end product of lipid peroxidation, is an
important indicator of I/R injury. It has been demon-
strated that MDA levels are sensitive markers of the

rate of lipid peroxidation [20]. Singh et al. [21] re-
ported that MDA levels increased during renal I/R in
rats. It was found herein that there were lower serum
MDA levels in the MP-treated groups when compared
to the I/R group. However, no statistically significant
differences were detected. Gurer ef al. [22] found that
30 mg/kg methylprednisolone treatment reduced
MDA levels significantly. However, in this study
groups were subjected to ischemia by aortic occlusion
for 20 min which is shorter than our study.

In the event of I/R, structural changes occur in the
albumin under the influence of acidosis and reactive
oxygen radicals. Albumin has the ability to bind to
some metal ions, particularly copper, nickel, and
cobalt. However, this ability decreases, and the albu-
min cannot bind to those ions. This new form of albu-
min is known as ischemia-modified albumin (IMA)
[23, 24]. IMA is accepted as a nonspecific biomarker
in ischemic tissues [24]. Several studies showed in-
creased IMA levels in cases of renal I/R injury parallel
with the duration of ischemia [25, 26]. In the present
study, the IMA levels of the groups receiving MP were
significantly lower when compared to the I/R group
(p <0.05).

I/R injury may cause remote organ injury, includ-
ing injury to the heart, liver, or intestines [27]. Yeginsu
et al. [16] investigated the effects of different doses of
MP on lung injury developing after extremity ischemia
reperfusion in rats, and administered 15, 50, and 150
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mg/kg MP. They found that MP reduced remote organ
injury. However, the effect was in a dose dependent
manner, and it was maximum at a dose of 150 mg/kg.
Tai et al. [28] found that renal I/R injury was associ-
ated with cardiac dysfunction. Tnl is a specific marker
for myocardial damage. In the present study, no sig-
nificant differences were detected between the I/R
group and the MP treatment groups in this regard.
Thus, it was not possible to demonstrate a protective
effect of MP on remote cardiac injury.

In previous studies, protective effects of 5 and 30
mg/kg MP on I/R injury have been revealed [6, 18,
29]. In the current study, 5 and 30 mg/kg MP was ad-
ministered. The results showed that the serum TNF-a
levels, IMA levels, and histological damage score de-
creased in the 5 mg MP and 30 mg MP groups. There-
fore, it can be concluded that MP treatment had
protective effects on the suprarenal aortic I/R injury.
However, the serum TNF-a levels and histological
damage score were significantly lower in 30 mg/kg
MP group, when compared to the 5 mg/kg MP group.
These results indicated that treatment with 5 mg/kg
MP may not be as beneficial as treatment with 30
mg/kg MP.

CONCLUSION

In conclusion, this experimental study has demon-
strated that MP at doses of both 5 and 30 mg/kg atten-
uates I/R injury in the kidneys induced by suprarenal
aortic I/R in rats. However, this benefit was dose de-
pendent, and was more evident with the administration
of 30 mg/kg MP.
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ABSTRACT

Objectives: More than six million people worldwide are affected by end-stage organ failure and the COVID-
19 pandemic has dramatically changed organ and tissue donation.

Methods: The data of patients diagnosed with brain death between July 2018-March 2020 (pre-pandemic
period) and April 2020-December 2021 (pandemic period) were analyzed retrospectively. Donor characteristics,
laboratory levels, time from intensive care admission to determination of brain death, time to family approval,
family approval rates and organ types were analyzed.

Results: The mean age of 56 patients with pre-pandemic diagnosis of brain death was 61.82 +21.39 years, 37
(63%) patients were donors and 53 organs were obtained. Mean age of 39 patients diagnosed with brain death
during the pandemic was 58.26 + 18.02 years and 38 organs were obtained from 21 (52.5%) donors. Between
the two periods, there was a decrease of 30.35% in the diagnosis of brain death, 43.24% in the number of
donors and 26.41% in the number of organs supplied. The most common cause of brain death was intracranial
hemorrhage during both periods. While the time elapsed between family interview and surgery was 9.33 +
2.19 hours before the pandemic, it was 15.29 + 4.28 hours during the pandemic period (p = 0.01). There was
a significant difference between C-reactive protein levels at the time of diagnosis of brain death (p < 0.05).
Staphylococcus haemolyticus was most frequently seen in blood culture.

Conclusions: Brain death and organ donation have decreased significantly during the pandemic period
compared to previous years, similar to research conducted in different countries and regions. Due to COVID-
19, prolonged stays in the intensive care unit (ICU) may pose a risk of infection in ICU donors, and care should
be taken in terms of donor loss.

Keywords: Organ transplantation, organ donation, transplant surgery, infectious diseases, COVID-19, family
consent, brain death
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continuity of transplantation processes, especially
heart and lung, which can be done through cadaver
donors [1]. Organ procurement from living donors
presents some difficulties. With the increasing impor-
tance of organ donation from cadavers, the importance
of brain death diagnosis, organ donation and donor
care has increased even more. It is characterized by
the clinical condition that includes irreversible brain
death with loss of cerebral function, apnea and ab-
sence of brainstem reflexes [2]. In many countries, the
guidelines of the American Academy of Neurology are
used as an example for brain death conditions, diag-
nosis and supportive tests [3].

There have been significant medical and techno-
logical advances in intensive care. Despite all these
developments, the inability to diagnose brain death
causes insufficient organ donation. This poses a seri-
ous problem for patients awaiting organ transplants.
Early detection of potential donors, successful organ
donation from families, and correct management of
these donors are issues that need to be emphasized.
Poor care of potential donors, prolonged family ap-
proval and donation process may lead to organ loss [4,
5].

Announced on March 11, 2020, the COVID-19
pandemic has dramatically changed organ and tissue
donation. COVID-19 presents some difficulties in har-
vesting organs from living donors. With the increasing
importance of cadaveric organ donation, the impor-
tance of brain death diagnosis, organ donation and
donor care has increased even more. Recipients are at
increased risk due to immunosuppressive drugs, pro-
longed hospital stay, and possible transmission from
asymptomatic infected donors. In addition, there is a
risk of contamination for health personnel working in
organ transplantation. The risk of transmitting
COVID-19 by organ transplant of an organ donor, who
1s infected with SARS-CoV-2, is still unknown. Trans-
mission is affected by the incubation period of the
virus, the degree of viremia, epidemiological risk fac-
tors, and viability in blood and organs. Also, real-time
PCR, which is commonly used for laboratory confir-
mation of COVID-19, is not 100% sensitive. In this
context, it is recommended to follow the guidelines
published by the National Organ and Tissue Trans-
plantation Organization [6]. We evaluated the COVID-
19 pandemic process and tried to draw attention to the

differences with the pre-pandemic period so that it can
be corrected.

METHODS

Patient Characteristics

The medical records of patients diagnosed with brain
death in the Intensive Care Unit of Balikesir Atatiirk
City Hospital between July 2018 - March 2020 (pre-
pandemic period) and April 2020 - December 2021
(pandemic period) were retrospectively reviewed and
donor characteristics (gender, age, cause of brain
death), Glasgow Coma Scale scores at intensive care
unit admission, time from intensive care unit admis-
sion to determination of brain death and time from
family consent to procurement, family consent rates
and organ types were analysed by anonymising de-
tails. The results of C-reactive protein (CRP), white
blood cell count (WBC), blood sodium (Na), Creati-
nine levels and cultures (tracheal aspirate, urine and
blood) were evaluated on the day of admission to the
intensive care unit and the day of diagnosis of brain
death.

COVID-19 Period Brain Death Diagnosis and
Evaluation

During the pandemic process, potential donors
were screened for COVID-19 according to the recom-
mendations of the Scientific Committee of the Min-
istry of Health. Real-time polymerase chain reaction
(RT-PCR) tests were required according to this in-
struction. SARS-CoV-2 RT-PCR tests were requested
at least twice at 24-hour intervals from the patients' in-
tratracheal aspirate samples. The patient's data was re-
ported to the National Coordination Center by the
transplant coordinators together with the SARS-CoV-
2 RT-PCR results. All donors had at least one thorax
computed tomography scan performed during hospi-
talization. All organ donors were consulted by Infec-
tious Diseases and Clinical Microbiology doctors and
Chest Diseases doctors for suspected COVID-19.
Ethical approval was obtained for the study from the
local ethics committee of Balikesir University (Date:
07.09.2022, Decision no: 2022/100). This study was
conducted in accordance with the tenets of the Decla-
ration of Helsinki Principles.
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Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences 20.0 software (Statis-
tical Package for the Social Sciences version 20, IBM
Corp., Armonk, New York, IL, USA) software.
Whether the variables fit the normal distribution or not
was evaluated with the Kolmogorov - Smirnov test.
Student -t test was used for the comparisons between
groups of normally distributed continuous data. Para-
metric data with normal distribution were presented
as mean * standard deviation (SD). Values with p <
0.05 were considered statistically significant. Categor-
ical variables are presented as frequency and percent-
ages.

RESULTS

The mean age of 56 patients diagnosed with brain
death before the pandemic was 61.82 + 21.39 years,
37 (63%) patients were donors and 53 organs were re-
covered. Mean age of 39 patients diagnosed with brain
death during the pandemic was 58.26 + 18.02 years
and 38 organs were obtained from 21 (52.5%) donors.
The procured organ details are shown in Table 1. Be-
tween the two periods, there was a decrease of 30.35%
in the diagnosis of brain death, 43.24% in the number
of donors and 26.41% in the number of organs pro-
cured. 51.6% of the patients were male and 48.4%
were female. In the pre-pandemic period, one patient
died while distribution was ongoing, and organ har-
vesting was not performed from 13 patients for med-
ical reasons. During the pandemic period, three
patients died while distribution was ongoing, and three
families did not come to the meeting. Due to the sus-
picion of COVID-19 in two patients and COVID-19
positive in three patients during the donor preparation
process, organ removal procedures were terminated.
Organ removal was not performed in three patients for

medical reasons, and in one patient due to organ is-
chemia during surgery. In this process, 2663 of 10999
patients hospitalized in intensive care units were diag-
nosed with COVID-19.

The most common cause of brain death was in-
tracranial haemorrhage both before and during the
pandemic. While trauma patients were the 2™ in the
pre-pandemic period, other intracranial events were in
the second rank during the pandemic period (Table 2).
While %33.9 of the patients with brain death had A Rh
(+) blood group during the pandemic and %28.2 be-
fore the pandemic, %28.6 and %28.2 had O Rh (+)
blood group and there was no significant difference
between blood groups in terms of blood groups (Table
2).

CRP, WBC, Na and Creatinine levels of the pa-
tients were scanned and compared with each other at
the time of hospitalization and at the time of brain
death, both before and during the pandemic. A statis-
tically significant difference was found between CRP
levels at the time of diagnosis of brain death before
and after the pandemic (p < 0.05). When the CRP,
WBC, Na and creatinine levels of the patients before
and during the pandemic were compared with the lev-
els at the time of intensive care admission and brain
death diagnosis, CRP, Na and creatinine levels were
higher at the time of diagnosis of brain death, and there
was a statistically significant difference. There was no
significant difference between WBC levels (Table 3).

The time elapsed between admission to the inten-
sive care unit and diagnosis of brain death was 115.37
+ 89.1 hours and 124.66 + 152.68 hours before and
during the pandemic, respectively. While the time
from family interview to surgery was 9.33 + 2.19
hours before the pandemic, it was found to be 15.29 +
4.28 hours during the pandemic period, and there is a
statistically significant difference (p = 0.01) (Table 2).

Blood, urine and tracheal aspirate cultures were
sent from potential donors with brain death. In the pre-

Table 1. Organs procured from brain-dead patients

Before COVID-19

During COVID-19

(n = 56) (n = 39)
Kidney, n (%) 31 (55.35) 25 (64.10)
Liver, n (%) 19 (33.92) 10 (25.64)
Heart, n (%) 3(5.35 2(5.12)
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Table 2. Baseline characteristics of patients

Before Pandemic During Pandemic p value
(n =56) (n =39)
Age (years) (mean £ SD) 61.82 +£21.39 58.26 +18.02 0.460
Gender, n (%)
Male 30 (53.6) 19 (48.7)
Female 26 (46.4) 20 (51.3)
Primary hospital admission
diagnosis, n (%)
Intracranial hemorrhage 17 (30.35) 17 (43.58)
Head trauma 11 (19.64) 2 (5.12)
Postcardiorespiratory arrest 10 (17.85) 2 (5.12)
Ischemic stroke 9 (16.07) 4 (10.25)
Subarachnoid hemorrhage 5(8.92) 4 (10.25)
Blood group, n (%)
A Rh (+) 19 (33.9) 11 (28.2)
0 Rh (+) 16 (28.6) 11 (28.2)
B Rh (+) 14 (25) 5(12.8)
A Rh(-) 3(54) -
AB Rh (1) 3(54) 6 (15.4)
ORh (-) 1(1.8) 3(7.7)
AB Rh () - 2 (5.1)
Time from Intensive care unit 115.37 + 89.1 124.66 + 152.68 0.310
admission to diagnosis of death
(mean + SD)
Time from family interview to 9.33 £2.19 15.29 +£4.28 <0.001

surgery (mean = SD)

Table 3. Laboratory values of patients diagnosed with brain death

Before Pandemic p value During Pandemic p value
CRP (mg/dL) (ICU) 2.25+4.01 <0.05 4.44 +£6.71 <0.05
CRP (mg/dL) (BD) 13.81 £ 14.30 14.10 + 8.48
WBC (X 10°/L) (ICU) 13.83 £ 6.27 0.293 16.83 + 8.89 0.658
WBC (X 10°/L) (BD) 15.07 £ 8.57 16.04 = 7.24
Na (mEq/L) (ICU) 138.73 + 4.44 <0.05 138.95 +4.01 <0.05
Na (mEq/L) (BD) 153.75 + 15.78 153.90 + 18.95
Creatinin (mg/dL) (ICU) 1.33+1.43 <0.05 1.31 £1.28 <0.05
Creatinin (mg/dL) (BD) 1.96 + 1.48 2.09 +1.46

CRP = C-reactive protein, WBC = white blood cell, Na = Sodium, ICU = Intensive care unit, BD = Brain death
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pandemic period, the most common microorganisms
were Staphylococcus haemolyticus in blood culture,
Escherichia coli in urine culture, and Acinetobacter
baumanii, Burkholderia cepacia, Staphylococcus au-
reus in tracheal aspirate. During the pandemic period,
S. haemolyticus was the most common in blood cul-
ture, no positivity was detected in urine culture, while
E. coli and Klebsiella oxytoca were seen in tracheal
aspirate culture.

DISCUSSION

During the COVID-19 pandemic, it was observed that
there were serious decreases in the number of organ
donations and family consent all over the world and
in Turkey. Especially in the early stages of the pan-
demic, the number of organ donations and transplants
has decreased worldwide, as in Turkey. In 2020, the
diagnosis of brain death in our country decreased by
25% when evaluated according to the last 10 years,
and 40% when evaluated compared to the previous
year. Family consent rate decreased by 25% when
evaluated according to the average of the last 10 years,
and decreased by 50% when evaluated compared to
the previous year [7].

According to the data of the Ministry of Health,
2309 patients were diagnosed with brain death in 2019
in Turkey. Six hundred nineteen family consents were
obtained from 2309 patients. 2504 organs were har-
vested from these patients. When compared, the num-
ber of diagnosed brain death in 2020 and 2021 was
1391 and 1421, respectively, the number of family
consents was 263 and 305, and the number of organs
accepted for donation was 1059 and 1250, respectively
[8].

In our study, 37 of our 56 patients diagnosed with
brain death before the pandemic were donors, while
53 organs were recovered. During the pandemic, 21
of 39 patients became donors and 38 organs were pro-
vided. Between the two periods, there was a 30.35%
decrease in the diagnosis of brain death, a 43.24% de-
crease in the number of donors and a 26.41% decrease
in the number of organs supplied. Donations could not
be received from 39 potential donors who were diag-
nosed with brain death during the pandemic period,
because three families did not come to the meeting,

two patients had a suspicion of COVID-19 and three
patients were SARS-CoV-2 RT-PCR positive. Causes
directly related to COVID-19 resulted in a 20.51% re-
duction in donors.

During the pandemic, family interviews were gen-
erally conducted by telephone around the world [9].
In a study in Israel, the first family contact was made
via telephone for 18% of potential donors, and it was
suggested that this negatively affected the donation
process [10]. Organ transplant coordinators at our cen-
ter continued face-to-face meetings, observing preven-
tive measures against infection. The decision to donate
organs is often made in complex situations. The fact
that families are in the acute period, which includes
the bereaved period, may prevent emotional confusion
and clarity about brain death. This negatively affects
family decision-making and grieving, causing distress.
There are many reasons that affect family approval in
organ donation. Among the various reasons for not ac-
cepting donations, he cited variants of emotional ex-
haustion and inadequate staff responsiveness and
coping with family pain [11]. The donor rate was 63%
among 56 patients with pre-pandemic diagnosis of
brain death. During the pandemic, there was a de-
crease in both the number of brain death (n = 39) and
the rate of being a donor (52.5%). It is known that the
family consent rate for organ donation in Europe is be-
tween 50% and 80%, consistent with our study. These
rates are lower in Asian countries due to religious be-
liefs and the rate of practical consent is not well known
[11-13]. It is clear that innovative technological solu-
tions need to be worked on to increase virtual interac-
tions with family members in times of crisis such as
pandemics [10].

Viral RNA samples of SARS-CoV-2, which is pri-
marily airborne and transmitted by droplet routes,
have also been detected in hepatocytes, renal tubular
cells and myocardium in critically ill patients. This
raises concerns that infection may be transmitted from
the donor [14]. Some authors argue that as the impact
of the pandemic changes, existing recommendations
should be reassessed. They suggested that for patients
with life-threatening organ dysfunction who are un-
likely to find a suitable and timely infected match,
organ transplantation from SARS-CoV-2-infected but
carefully selected donors could be lifesaving for these
patients [ 15]. Our five patients, no organ removal was
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performed due to the suspicion or positivity of
COVID-19.

In a study, it was observed that the most common
cause of brain death was intracerebral hemorrhage
(42%), followed by traumatic brain injury (343/1844,
19%) [16]. Intracranial hemorrhage was the most com-
mon cause of brain death in different studies during
the COVID-19 pandemic [17, 18]. Similarly, in our
study, the most common cause of brain death was in-
tracerebral hemorrhage both in the pre-pandemic pe-
riod and during the pandemic period. In the
pre-pandemic period, trauma patients were in the sec-
ond rank, while other intracranial events were in the
second rank during the pandemic period. The reason
for this is thought to be the decrease in trauma cases
due to pandemic bans. In the first wave of the pan-
demic, this was a 4.5% reduction in donors who died
from trauma, and a 25% reduction in donors who died
from traffic accidents [19].

Different results have been obtained in studies ex-
amining the effect of brain death diagnosis time on
family donation rate. Kirakli et al. [20] reported that
the definitive diagnosis period of brain death was sig-
nificantly shorter in those who accepted organ dona-
tion. Researchers have suggested that the shortening
of the definitive diagnosis of brain death may increase
the organ transplant acceptance rate of families. Lust-
bader et al. [21] in their study, they reported that the
number of donors decreases as the duration of brain
death diagnosis increases, and they recommended not
to waste time for a second neurological examination.
In a study, cases diagnosed with brain death were di-
vided into “early diagnosed group (diagnosed with
brain death before 48 hours following ICU admis-
sion)” and “delayed diagnosis group (diagnosed after
48 hours following ICU admission)”, donation rate
was 73%, and 55% in those diagnosed late [11]. The
time elapsed between admission to the intensive care
unit and diagnosis of brain death was 115.37 + §9.1
hours and 124.66 + 152.68 hours before and during
the pandemic, respectively. While the time between
family interview and surgery was 9.33 + 2.19 hours
before the pandemic, it was found to be 15.29 + 4.28
hours during the pandemic. We did not examine the
relationship between diagnosis time and donation rate.
In a study conducted in our country, the time between
admission to the intensive care unit and diagnosis of

brain death was found to be 4 (IQR 5) days and 4 (IQR
12) days before and during the pandemic, respectively.
In the same study, the duration of organ donation was
found to be 8.5 = 2.12 hours in the pre-pandemic pe-
riod and 54 + 11.53 hours in the pandemic period [17].
In another study, the median time from admission to
the intensive care unit to the diagnosis of brain death
was 4 (min-max, 1.0-36.0) days during the pandemic
period [18]. Balkaya et al. [22] found similar results
with our study as the time between admission to the
ICU and diagnosis of BD was 114 + 92.8 (11-360)
hours.

Infection of the donor with any pathogen causes
concern in organ transplantation. Many transplant cen-
ters are not willing to harvest organs from patients
with bacteremia. In contrast, some centers are care-
fully examining documented cases of bacteremia from
potential donors who have recently received adequate
antibiotic therapy. Long-term ICU stays due to addi-
tional considerations on donors potentially increase
the risk of ICU-derived infections. Patients under me-
chanical ventilation and invasive hemodynamic mon-
itoring should be alert to complications such as
ventilator-associated pneumonia and catheter-related
infection. Infection control measures, rapid screening
of blood cultures and, if necessary, appropriate antibi-
otic therapy can reduce donor loss [17, 18]. In this
study, blood, urine and tracheal aspiration samples
from potential donors with brain death were con-
ducted. During the pandemic period, the most com-
mon microorganisms were S. haemolyticus in blood
samples, E. coli in urine samples, and 4. baumanii, B.
cepacia, S. aureus in tracheal aspirate samples. During
the pandemic period, S. haemolyticus was the most
common in blood samples, no growth was detected in
urine samples, E. coli and K. oxytoca were seen in tra-
cheal aspirate samples. When the values of the patients
before the pandemic and at the time of the diagnosis
of brain death were compared, CRP values of the pa-
tients were higher than at the time of the diagnosis of
brain death. In another study conducted in our country,
CRP elevation was found in the diagnosis of brain
death [17].

As the duration of brain death diagnosis increases,
the survival expectancy of patients and the stress and
sadness of families increase, especially in poorly in-
formed families. The use of supportive diagnostic tests
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other than neurological examination and apnea test in
the brain death diagnosis process may be effective in
shortening the diagnosis period. In addition, positive
communication with the family from the moment the
patient is taken to the intensive care unit and providing
sufficient information about the treatment steps can
eliminate the negative effects on donation rates.

Limitations

There are some limitations of our study, such as
being single-centered and retrospective, not investi-
gating the characteristics of families and what influ-
ences family decisions, and not including detailed
information about family interview conditions.

CONCLUSION

In this study, the organ donation process during the
COVID-19 period was examined. There was a de-
crease of 30.35% in the diagnosis of brain death,
43.24% in the number of donors and 26.41% in the
number of organs supplied. The time between family
interview and surgery was significantly longer during
the pandemic period. Brain death procedures should
be carried out quickly due to the increased risk of in-
fection and deterioration of the general condition.
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ABSTRACT

Objectives: T wave’s peak and end interval (Tp-e), Tp-e/QT ratio and Tp-e/QTc ratio are novel markers of
ventricular repolarization and are associated with ventricular arrhythmias. Increased ventricular arrhythmia
incidence is reported in patients with acromegaly. The purpose of this study is to evaluate ventricular
repolarization using the Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio in patients with acromegaly.
Methods: Thirty-five patients with acromegaly were included in the study. The control group was consisted
of forty-one subjects without acromegaly that having similar age, sex ratio and comorbidities. The Tp-e interval,
Tp-e/QT ratio, Tp-e/QTc ratio, and other ventricular repolarization parameters of all patients were evaluated
using electrocardiography.

Results: Tp-e interval, Tp-e/QT ratio and Tp-e/QTc ratio were significantly prolonged in patients with
acromegaly compared to the control group. Furthermore, Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio
showed a significant correlation with plasma GH levels and LVMI values.

Conclusions: Our study revealed that Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio are prolonged in patients
with acromegaly. We believe that the Tp-e interval, Tp-e/QT ratio, and Tpe/QTc ratio can be used in the
evaluation of increased cardiovascular risk in patients with acromegaly.

Keywords: Acromegaly, ventricular repolarization, novel electrocardiographic parameters

cromegaly is a rare disease and the total preva-

lence ranges between 2.8 and 13.7 cases per
100,000 people and the annual incidence rates range
between 0.2 and 1.1 cases/100,000 people [1, 2].
Acromegaly is a disorder that associated with in-
creased cardiovascular morbidity and mortality, and
around 60% of these patients die due to several car-
diovascular complications, including cardiac arrhyth-
mia [ 1, 2]. Especially, malign ventricular arrhythmias
are the primary cause of sudden cardiac deaths [3, 4].

Increasing growth hormone (GH) and insulin-like
growth factor 1 (IGF-1) in patients with acromegaly
may cause the development of acromegalic cardiomy-
opathy (CMP) which in turn results in the develop-
ment of myocardial hypertrophy and interstitial
fibrosis [2, 5, 6]. The presence of acromegalic CMP
becomes a source for the development of various ar-
rhythmias and therefore, cardiac rhythm disorders
occur more frequently and more severely in patients
with acromegaly compared to the overall population
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[1, 7]. Therefore, knowing the predictors of arrhythmic
events are crucial in the follow-ups of these patients
[1,6].

Traditionally, QT, dQT, QTc, dQTc QT, and trans-
mural dispersion of repolarization are simple, non-in-
vasive arrhythmogenic markers that are utilized to
evaluate the homogeneity of cardiac repolarization.
Recently, Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc
ratio have been used widely to evaluate the transmural
dispersion of repolarization (TDR) [8-10]. Also, stud-
ies have shown that, in ECG, the Tp-e interval can be
used as an index for total dispersion of repolarization,
and furthermore, increased Tp-e interval can be a use-
ful index to predict tachyarrhythmias and cardiovas-
cular mortality [9-12]. In addition, the Tp-e interval,
Tp-e/QT ratio, and Tp-e/QTc ratio are able to measure
ventricular dispersion of repolarization better com-
pared to QT and QTc, in that these methods are not af-
fected by heart rate unlike QT and QTc [13-15]. As a
result, membrane protein alterations and anatomical
deterioration of cardiomyocytes the occur in patients
with acromegaly can explain the impaired transmural
dispersion of repolarization and prolonged ventricular
repolarization [1, 2].

The purpose of this study is to evaluate the ven-
tricular polarization using Tp-e interval, Tp-e/QT
ratio, and Tp-e/QTc ratio in patients with acromegaly.

METHODS

Study Population

A total of 35 patients with acromegaly were included
in the study. Afterward, 41 subjects with similar risk
profiles were designated as the control group after they
were evened out in terms of age and gender. 28
acromegaly patients had a previous transsphenoidal
surgery history and 2 acromegaly patients had a pre-
vious transcranial surgery history. Furthermore, 5
acromegaly patients have radiotherapy or radiosurgery
in their patient histories.

Acromegaly diagnoses have been made in line
with the current guidelines [16]. The designated crite-
ria for the diagnosis were the presence of clinical find-
ings, high serum GH and IGF-1 confirmed with
laboratory tests, serum GH value above 1 pg/L after
75 g oral glucose loading, and the presence of pituitary
gland adenoma that is shown radiologically [16]. All

patients are evaluated in terms of concomitant diabetes
mellitus (DM), hypertension (HT), panhypopitu-
itarism, thyroid dysfunction, and all other systemic
disorders, and the diagnosis of these diseases are de-
termined in line with the current guidelines. All med-
icines used by patients were determined.

In our study, the follow-up period of acromegaly
patients after the diagnosis were 96 (41-125) months
(between minimum 12 months and maximum 296
months). In the evaluation after the follow-up, 23 pa-
tients were in remission, while 12 patients were on the
active course of the disorder. Active disorder and re-
mission conditions were defined in line with the latest
acromegaly guidelines of the Endocrine Society [16].

Patients with coronary artery disease, moderate to
severe valvular heart disease, chronic pulmonary dis-
ease, obstructive sleep apnea, chronic renal or hepatic
impairment, thyroid disfunction, persistent or uncon-
trolled HT, heart failure (Left ventricule ejection frac-
tion of < 50%), hematologic disorders, electrolyte
imbalance were not included in the study. Further-
more, all of the patients were within the sinus rhythm
and patients with QT segments that cannot be analyzed
in QT, any conduction problem, ST-T anomalies, pace-
maker rhythm, atrial fibrillation, or arrhythmia or
those who take any medicine that can affect Tp-e dis-
tance or QT interval (such as antiarrhythmics, tricyclic
antidepressants, antihistamines, and antipsychotics)
were not included in the study. The study protocol was
approved by the local ethics committee in accordance
with the Declaration of Helsinki and Good Clinical
Practice Guidelines. All patients provided written in-
formed consent.

Hormonal and Biochemical Evaluation

Serum GH and IGF-I levels of all patients were
measured at the time of diagnosis and in follow-ups
using chemiluminescence enzyme immunoassay com-
mercial kits (IGF; Immulite 2000, Siemens healthcare,
Diagnostic Products Ltd., Glyn Rhonwy, Llanberis,
Gwynedd LL55 4EL United Kingdom and GH; Cobas
€601, Roche Diagnostics GmbH, Sandhofer Strasse
116, D-68305 Manheim, Germany). Furthermore,
intra- and inter-test variation coefficients for IGF-1
were found to be 3.5% and 6.1% respectively, while
intra- and inter-test variation coefficients for GH were
6.7% and 9.2% respectively. The reference interval for
GH was 0.126-9.88 ng/mL. While IGF-I values are
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given, these values were expressed as a percentage of
the upper limit of the age-adjusted normal values and
the age-specific reference intervals for IGF-1 were
evaluated as recommended in the guidelines. The ref-
erences were set as 80-330 ng/mL for patients aged 19
to 29, as 60-240 ng/mL for patients aged 30-39, as 50-
220 ng/mL patients aged 40 to 49, as 40-210 ng/mL
for patients aged 50 to 59, as 30-220 ng/mL for pa-
tients aged 60 to 130. Routine biochemical serum glu-
cose, creatine, sodium, potassium, calcium,
phosphorus, and magnesium levels of each patient
were measured and all other hypophyseal hormones
were routinely measured as well. All of these param-
eters were also measured for each person in the control
group at least once. All other parameters were deter-
mined using routine methods. All serum samples were
taken from the cubital venous vessel area in the early
hours of the morning after 8 hours of fasting. None of
the patients had pituitary insufficiencies or additional
hormone secretion apart from GH and IGF-1.

Electrocardiography (ECG)

ECG with 12 leads was recorded in the supine po-
sition at 50 mm/s paper rate. To reduce erroneous
measurements, all ECGs were scanned and transferred
to a PC, zoomed in by x 400% using Adobe Photoshop
and the measurements were conducted using suitable
programs. In ECG, the results with U waves were ex-
cluded. For each value, the mean of three different der-
ivations was calculated. QT interval was determined
as the distance between the start of the QRS complex
to the end of the T wave, and the QTc value was cal-
culated according to heart rate using the Bazett for-
mula (QTc = QT/RR1/2). The difference between the
measured QT max and QT min was defined as QT dis-
persion. dQTc dispersion was defined as the difference
between QTc max and QTc min. The interval between
the peak point of the T wave to the end of the T wave
was defined as the Tp-e interval. Tp-e was performed
via precordial leads, as recommended [14]. From these
measurements, the Tp-e/QT ratio and Tp-e/QTc ratio
were calculated. The inter-observer variation coeffi-
cient was determined as 2.8%.

Echocardiography

All patients underwent transthoracic echocardio-
graphy (TTE) with a Phillips Affiniti 50C system
(Philips Medical Systems, Netherlands). The exami-

nations were performed with the patient in the left de-
cubitus position. Throughout the evaluation, patients
were monitored using standard techniques. Echocar-
diographic evaluations included M-mode, two dimen-
sional, and Doppler evaluation performed according
to current guidelines [17]. Left atrial diameter (LAD)
was measured using a parasternal long-axis view.
Inter-ventricular septal (IVS) and posterior wall (PW)
thicknesses and left ventricule end-diastolic (LVEDD)
and end-systolic diameters (LVESD) were measured
in parasternal long-axis view with M-mode. The left
ventricular ejection fraction (LVEF) was calculated
using Biplane Simpson’s method [18]. The mean of
three measurements was taken for all parameters. Left
ventricle mass (LVM) was calculated using the equa-
tion previously recommended by Devereux et. al. [17].
Afterward, LVM was proportioned to the body surface
area and left ventricle mass index (LVMI) was calcu-
lated [17].

Statistical Analysis

For all statistical analyses, SPSS 22.0 Statistical
Package Program for Windows (SPSS Inc., Chicago,
IL, USA) was used. Kolmogorov-Smirnov test was
used to determine the normality of the dispersion.
While the numerical data with normal dispersion is
given as mean + standard deviation, numerical vari-
ables with non-normal dispersion were given as me-
dians (interval between quarters). Categorical
variables were presented as numbers and percentage
values. The chi-square test was used when comparing
categorical variables between the groups. Student t-
test or Mann- Whitney U test was used to compare
continuous variables between the groups. Pearson cor-
relation analysis was performed to analyze the relation
between repolarization parameters, and GH levels and
LVMI. P < 0.05 value was considered to be statisti-
cally significant.

RESULTS

There was no significant difference between the
acromegaly patients and the control group in terms of
age, sex, body mass index (BMI), DM and HT fre-
quencies, systolic and diastolic blood pressures, and
smoking (Table 1). The basal, demographic, and lab-
oratory parametres of both groups were given in Table
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1. While the basal GH and IGF-1 levels of acromegaly
patients were significantly higher compared to the
control group, no other difference was detected in
other blood parameters (Table 1).

Tp-e interval, Tp-e¢/QT ratio, Tp-e/QTc ratio val-

ues of the acromegaly patients were significantly
longer compared to the control group (Table 2). Also
QT, QTc, dQT, dQTc, values of the acromegaly pa-
tients were significantly longer compared to the con-
trol group (Table 2). While there was no

Table 1. The baseline characteristics and laboratory findings of study patients

Control group Acromegaly patients p value
(n=41) (n=35)

Demographic parameters
Age, (years) 50.7+9.8 51.5+10.2 0.351
Female, n (%) 25 (60.9) 22 (62.8) 0.218
HT, n (%) 9(21.9) 8(22.8) 0.257
Smoking, n (%) 8(19.5) 7 (20.0) 0.217
DM, n (%) 11 (26.8) 10 (28.5) 0.174
Body mass index (kg/m?) 26.4+4.5 26.8+4.7 0.475
Family history of CAD, n (%) 6 (14.6) 5(14.2) 0.237
Heart rate, (beat/minute) 78.4 (13.6) 80.5 (21.9) 0.817
Systolic blood pressure, (mm Hg) 127.8 (12.8) 129.3 (14.5) 0.345
Diastolic blood pressure, (mm Hg) 82.8 (7.9) 83.3(9.2) 0.156
Follow-up duration, (months) - 96 (41-125) -
Laboratory parameters
GH 0.6+0.2 17.2+10.2 <0.001
IGF-1 123.2+39.5 582.8 +125.1 <0.001
Glucose (mg/dL) 120 £25 121 £31 0.325
HbAlc (%) 57+1.3 57+1.5 0.347
Hg (mg/dL) 13.5+2.2 13.9+24 0.152
Creatinine (mg/dL) 0.89+0.16 091+0.18 0.234
Total cholesterol (mg/dL) 159 £26 162 £31 0.123
Triglyceride (mg/dL) 149 + 44 155+ 53 0.239
Low-density lipoprotein (mg/dL) 129 + 19 13121 0.329
High-density lipoprotein (mg/dL) 41+10 39+9 0.516
WBC Count, (x10*/uL) 7.4£29 73+3.1 0.476
PLT Count, (x10°/uL) 318+ 42 321+46 0.149
C-Reactive protein, (mg/dL) 0.65 +0.27 0.68 +0.29 0.521
Na (mmol/L) 141+9 142 +7 0.236
K (mmol/L) 4.15+0.23 4.12+0.35 0.274
Ca (mg/dL) 89+1.2 9.1+14 0.574
TSH (uIU/mL) 2.35+0.08 2.31+0.09 0.138

Ca = calcium, CAD = coronary artery disease, DM = diabetes mellitus, GH = growth hormone, Hg = hemoglobin, HT =
hypertension, IGF-1 = Insulin-like growth factor 1, K = potassium, Na = Sodium, PLT = Platelet count, TSH = thyroid-

stimulating hormone, WBC = White blood cell
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Table 2. The Electrocardiographic and echocardiographic findings of study patients

Control group

Acromegaly patients p value

(n=41) (baseline) (n = 35)
Electrocardiographic measurement (at baseline)
Tp-e interval 67.6+83 853 +12.7 <0.001
Tp-¢/QT ratio 0.192 +£0.021 0.234 £ 0.030 <0.001
Tp-e¢/QTc ratio 0.184 £+ 0.023 0.223 £0.032 <0.001
QT interval 361.6 =242 382.9+354 <0.001
cQT interval 382.3 £20.1 4154 +41.6 <0.001
QTd interval 62.5+11.6 71.1+10.4 <0.001
cQTd interval 69.2 +14.1 78.1+13.2 0.002
Echocardiographic parameters
LV ejection fraction (%) 61.9+438 63.5+52 0.375
LV end-diastolic diameter (cm) 4.81+0.83 492+0091 0.198
LV end-systolic diameter (cm) 2.81+£0.8 2.75+0.7 0.321
Interventricular septal thickness (cm) 0.92+0.10 1.19+0.21 <0.001
Posterior wall thickness (cm) 0.91 +0.09 1.17+0.21 <0.001
Left atrial diameter (cm) 369+2.1 37.1+2.3 0.102
LVMI 82.4+21.7 117.3 £35.1 <0.001
E/e’ 637+1.7 8.25+3.1 <0.001

LV = left ventricular, LVMI = left ventricular mass index

echocardiographic difference between the groups in
terms of EF, LVEDD, LVEED, and LA diameter, the
values for IVS, PW, LWMI, and E/e’ were signifi-
cantly higher in the acromegaly patients (Table 2). The
basal electrocardiographic and echocardiographic
findings of the acromegaly patients and the control

group are summarized in Table 2.

In addition, no significant difference was observed
between the patients in remission (n = 23) and the pa-
tients in active phase (n = 12) in terms of QT interval,
cQT interval, QTd interval, cQTd interval (for all pa-
rameters, p > 0.05). However Tp-e interval, Tp-¢/QT

Table 3. Electrocardiographic findings after follow-up according to the active or remission status

of the study patients

Variables Acromegaly patients on Acromegaly patients on p value
remission active disease
(n=23) n=12)
Tp-e interval 81.8+11.5 91.4+14.3 0.003
Tp-e/QT ratio 0.229 £ 0.021 0.242 +0.027 0.002
Tp-e/cQT ratio 0.219£0.029 0.229 +£0.033 0.007
QT interval 381.7+31.2 383.9+£324 0.102
cQT interval 412.4+36.6 4159+37.4 0.763
QTd interval 70.5+6.2 72.8+5.7 0.325
cQTd interval 79.2 £8.1 81.4+7.7 0.271
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Tablo 4. Correlation analysis showing the between new ventricular depolarizations parameters
and GH levels, IGF-1 levels, LMVI and disease duration time

Tp-e Interval

Tp-e/QT Ratio Tp-e/QTc Ratio

r p value r ) r p value
GH 0.612 <0.001 0.523 <0.001 0.549 <0.001
IGF-1 0.456 <0.001 0.478 <0.001 0.449 <0.001
LVMI 0.502 <0.001 0.487 <0.001 0.479 <0.001
Disease duration 0.506 0.002 0.496 0.002 0.530 <0.001

GH = growth hormone, IGF-1 = Insulin-like growth factor 1, LVMI = left ventricular mass index

ratio and Tp-e/QTc ratio were significant higher in pa-
tients with active disease (Table 3).

A significant positive correlation was observed be-
tween Tp-e, Tp-e/QT, Tp-e/QTc values and GH level,
IGF-1 level and LVMI values (Table 3). Also a signif-
icant positive correlation was observed between Tp-e
interval, Tp-e/QT ratio, Tp-e/QTc ratio values and dis-
ease duration (Table 4).

DISCUSSION

In this study, we focused on determining the Tp-e in-
terval, Tp-e/QT ratio, and Tp-e/QTc ratio in patients
with acromegaly. We found out that the Tp-e, Tp-e/QT,
Tp-e/QTc, QT, QTc, dQT, and dQTc values were
measured for the acromegaly patients were signifi-
cantly longer compared to the control group. In addi-
tion, while there was no difference between the QT,
QTc, dQT and dQTc values in patients with the active
phase and remission, we found that the Tp-e interval,
Tp-e/QT, Tp-e/QTc ratio to be significantly higher in
patients with the active phase. Therefore, we demon-
strated that new generation parameters are superior to
traditional methods in evaluating ventricular repolar-
ization, especially in patients with acromegaly in the
active phase. Furthermore, we have seen a significant
correlation between Tp-e interval, Tp-e/QT ratio, Tp-
e/QTc ratio, and disease duration. This study is the first
study that evaluates Tp-e, Tp-e/QT ratio, and Tp-
e/QTc ratio in patients with acromegaly.

In this study, we have found out that QT, QTc,
dQT, and dQTec values of the acromegaly patients are
significantly longer compared to the control group.

QT, QTc, dQT, and dQTc are reported to be associated
with sudden cardiac death and the development of
ventricular arrhythmia in different clinical circum-
stances [8, 19]. QT, QTc, dQT, and dQTc are the tra-
ditionally well-known markers of ventricular
repolarization [8, 19]. Similarly, it has been shown that
QT, QTc, dQT, and dQTc values are prolonged in pa-
tients with acromegaly [15, 20, 21]. That the changes
occurring in the ventricle after acromegalic CMP
causes prolongation in ventricular repolarization and
ventricular dishomogeneization can explain the in-
creased QT, QTc, dQT, and dQTc intervals [21, 22].

Recently, the use of Tp-e interval, Tp-e/QT ratio, and
Tp-e/QTec ratio as the new markers of ventricular re-
polarization dispersion are becoming more and more
common [14, 23]. In our study, we have found that Tp-
e interval, Tp-e/QT, and Tp-e/QTc ratios were signif-
icantly higher in patients with acromegaly than control
subjects. According to the results of our study, we have
revealed that acromegaly disorder causes impaired re-
polarization anomalies. Furthermore, prolonged Tp-e
interval and increased Tp-e/QT ratio and Tp-e/QTc
ratio have been shown to be associated with increased
mortality in various diseases such as, firstly, Brugada
syndrome, long QT syndrome, hypertrophic car-
diomyopathy syndrome, and acute ST-segment eleva-
tion myocardial infarction, and the ventricular
repolarization anomalies [9, 10, 14, 24, 25]. It is well
known that pathologic left ventricular hypertrophy is
a risk factor for the development of ventricular ar-
rhythmia and sudden cardiac death [22, 26]. Patholog-
ical hypertrophy developing in patients with
acromegaly makes the ventricle more susceptible to
malign tachycardias by causing electrical instability in
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cardiomyocytes [4-6]. Furthermore, it has been shown
that the presence of LVH increases ventricular repo-
larization time [24, 25].

In our study, we have found the left ventricular
wall thickness, as well as LVMI values in patients with
acromegaly significantly higher compared to the con-
trol group. Furthermore, in our study, the finding of a
significant correlation between Tp-e interval, Tp-e/QT,
Tpe/QTc values, and LVMI is supported by the mech-
anisms above. Zhao ef al. demonstrated that LVH was
closely related to increased QT interval, Tp-e interval,
and Tp-e/QT ratio [25]. Similarly, in a previous study,
a correlation was found between cardiac arrhythmia
frequency and echocardiographic LVM in patients
with acromegaly [1]. In the same study, it was also
shown that the severity of ventricular arrhythmias in-
creases with the increase in left ventricular mass [1].
Our results support that the increased LVMI is closely
associated with prolonged Tp-e interval, Tp-e/QT
ratio, and Tp-e/QTc ratio values that signify ventricu-
lar repolarization anomalies. The receptors of GH and
IGF-1 hormones are present in cardiomyocytes as
well, and these hormones form the basis of cardiovas-
cular complications by affecting the myocardial struc-
ture and function via endocrine, autocrine, paracrine
systems [6, 27]. As a result of these impacts, a com-
plication like myocarditis occurs with the development
of increased myocardial collagen tissue, impairment
of myocyte necrosis areas, lymphonuclear myocardi-
tis, and as a consequence, a gradual impairment occurs
in the structure of the heart [28].

Another important finding of our study is that we
found a significant relationship between disease dura-
tion and Tpe, Tpe/QT and Tpe/QTc values at follow-
up. This shows that the longer the disease duration, the
more risky the patients are in terms of developing ar-
rhythmia. It was shown that ventricular arrhythmia oc-
curs more frequently and in a more complex manner
in patients with acromegaly [1, 5, 6]. It was also
shown that ventricular arrhythmias among in patients
with acromegaly affect life quality and even are the
most significant cause of death [1, 3, 4]. Therefore,
early detection of the parameters that may be related
to the development of arrhythmia is crucial for
acromegaly patients.

In addition, while there was no difference between

the QT, QTc, dQT and dQTc values in patients with
the active phase and remission, we found that the Tp-
e interval, Tp-e/QT, Tp-e/QTc ratio to be significantly
higher in patients with the active phase. In other
words, we determined that the risk of arrhythmia is
still high in patients with active disease and traditional
repolarization parameters are insufficient in this case.
Therefore, we demonstrated that new generation pa-
rameters are superior to traditional methods in evalu-
ating ventricular repolarization, especially in patients
with acromegaly in the active phase.

When we consider the effects of GH and IGF-1
hormones on cardiomyocytes, our results are not sur-
prising and according to our study, closer follow-up
may be required for the development of arrhythmia.
When we evaluate all our findings, we recommend
measuring the next generation ventricular repolariza-
tion parameters to determine the risk of cardiac ar-
rhythmia in all patients with acromegaly.

Limitations

The main limitations of our study are that it is a
retrospective study. Another limitation is that we have
not evaluated the relation between ventricular arrhyth-
mia and Tp-e interval, Tp-e/QT, and Tp-e/cQT ratio,
as the patients were not followed up for a long time.
Furthermore, the study population was not monitored
for ventricular arrhythmic episodes or mortality
prospectively. Large-scale prospective studies are
needed to determine the predicted value of prolonged
Tp-e interval and increased Tp-e/QT, and Tp-e/cQT.

CONCLUSION

For the first time, we have shown that Tp-e interval,
Tp-e/QT, and Tp-e/cQT ratios are longer in patients
with acromegaly. Our results show the increased ven-
tricular repolarization heterogeneity in these patients
and may contribute to understanding the pathophysi-
ologic mechanisms of ventricular arrhythmia preva-
lence and cardiovascular mortality risk. Increased
ventricular arrhythmia and sudden cardiac death fre-
quency can be explained by transmural dispersion. Im-
provement in new ventricular repolarization
parameters in patients with remission phase suggests
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that mortality can be reduced with treatment in pa-
tients with acromegaly.
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ABSTRACT

Pain is a subjective feeling having sensory, cognitive and emotional components. Brain regions that cognitively
and affectively contribute to pain sensation are the anterior cingulate cortex (ACC), insula, prefontal cortex
(PFC) and the default mode network (DMN). Depression and anxiety may accompany pain and they may
exaggerate the pain via cognitive and affective disturbance. As a complementary treatment of pain, mindfulness
meditation which is a therapeutic technique may be described as “non-judgmental awareness of the present
moment”. Mindfulness meditation aims to focus on the experiences of bodily sensations and breathing in a
non-judgmental and accepting manner. The functional magnetic resonance imaging (fMRI) is one of the tools
that can explain the mechanism of action of mindfulness meditation on pain intensity, pain unpleasantness and
the cognitive and affective disorders which accompanying pain. This study compiles studies examining the
mechanism of action of mindfulness meditation on pain and pain accompanying pain unpleasantness,

depression, anxiety with fMRI.

Keywords: Pain, mindfulness meditation, functional magnetic resonance imaging

ain is a clinical symptom that causes suffering

making life sometimes unbearable. The generally
accepted definition of pain has been made by the In-
ternational Association for the Study of Pain as “an
unpleasant sensory and emotional experience associ-
ated with or similar to actual or potential tissue dam-
age” [1]. The sensory and the emotional aspect of the
pain sensation is described by the parameters of "pain
intensity" and "pain unpleasantness" determined by
various scales that are validated and reliable [2, 3].
Due to the pain-related quality of life impairment, psy-
chological comorbidity, reduction of productivity and
other negative social and economic consequences pain
needs to be treated [4]. Many pharmacological (such

as tricyclic antidepressants, anticonvulsants such as
gabapentin, opioids) and non-pharmacological (such
as Cognitive Behavioral Therapy, Transcutaneous
Electrical Nerve Stimulation) methods are used in the
treatment of pain [5, 6]. Mindfulness meditation is one
of the non-pharmacological treatment methods offered
in the treatment of pain. There are many studies in the
literature demonstrating the ameliorative effects of
mindfulness meditation for the treatment of pain, de-
pression and anxiety [7-12]. In some studies, the
mechanisms underlying the ameliorating effect of
mindfulness meditation on pain, depression and anxi-
ety were examined with functional Magnetic Reso-
nance Imaging (fMRI). In this review, a
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comprehensive compilation is conducted using a com-
bination of the keywords "pain, mindfulness medita-
tion and fMRI". The purpose of this review is to
evaluate the fMRI findings that could explain under-
lying neural mechanisms of mindfulness meditation
for the patients with pain.

TRANSMISSION AND PROCESSING OF PAIN
SENSATION

The pain receptors (nociceptor) are specialized sen-
sory receptors that convert noxious stimulus to pain
sensation in the form of free nerve endings. The noci-
ceptors transmit the painful stimuli to the Central
Nervous System (CNS) via action potential. Sensory
neurons that receive the sensation of pain from the no-
ciceptors and transmit it to the CNS, are primary af-
ferent neurons. The processing of pain sensation in the
central nervous system is a complex process. Primary
afferent neurons that receive pain sensation with no-
ciceptors (C type and A delta type fibers) reach the
posterior horn of the spinal cord and synapse here.
They innervate the second neuron with the neurotrans-
mitters (glutamate and substance P) secreted into the
synaptic gap via the spinothalamic pathways to trans-
mit the pain sensation to the thalamus. The spinothal-
amic pathway is divided into two as the
neospinothalamic pathway which transmits fast and
sharp pain and the paleospinothalamic pathway which
transmits slow, dull pain. Via these two pathways, the
third neurons that receive the sensation of pain from
thalamus reach the primary and secondary somatosen-
sory cortex in the parietal cortex. These neurons are
represented topographically in the sensory homuncu-
lus region that are corresponding to them and pain is
perceived in the body region that topographically fits
its location [6, 13].

In addition to the pathway that the pain is carried,
it is clinically divided into acute and chronic pain ac-
cording to its duration. "Acute pain" defines pain that
lasts less than 30 days, while pain that lasts longer than
6 months is called "chronic pain". Acute pain is self-
limiting and is attenuated when nociceptive input is
blocked by medications. However, the patients suffer
more from chronic pain due to comorbidities such as
depression and anxiety [14].

COGNITIVE AND EMOTIONAL ASPECTS OF
PAIN

Pain is not a simple somatosensory sensation per-
ceived by nociceptors and transmitted by spinothala-
mic pathways. There are also cerebral cortex regions
that affect the perception of pain by cognitive and af-
fective factors [13]. Among the neuroimaging meth-
ods, fMRI is an important tool in determination of the
effect of the psychology, cognitive and emotional sta-
tus of a patient on the changes in the structure and
functions of the brain during pain. In fMRI studies it
has been reported that regions in the brain such as the
insula, anterior cingulate cortex (ACC), prefrontal cor-
tex (PFC), amygdala and hippocampus where the pain
is processed cognitively and affectively contribute to
pain sensation [15-19]. Animal studies have shown
that the ACC and amygdala play an important role in
pain avoidance behavior and the affective/motiva-
tional aspect of pain [15, 16]. It has been reported that
the PFC, primarily responsible for executive functions
such as “decision making”, may also be responsible
for the cognitive and affective aspects of pain [17, 18].

In addition, Default Mode Network (DMN) activ-
ity reveals during pain. DMN is a neural network char-
acterized by oscillatory activity in certain brain regions
(medial prefrontal cortex, posterior cingulate cortex,
precuneus, inferior and lateral temporal cortex). This
network is activated by self-referential processes
(mind-wandering and ruminations) and pain [20-22].
Pathways as “top-down control” that reflect on the
horn of the Periaquaductal Gray Matter (PAG) and the
posterior medulla spinalis are also effective in terms
of painful sensory and emotional aspects. In this path-
way, the main transmitters are serotonin and noradren-
aline that may modify the perception of pain via
cognitive and emotional factors by cortical control, in-
dicating the importance of the psychological aspect of
pain [23-25].

The depression and anxiety are among the most
common diseases in primary care diseases in which
cognitive and affective disorders are seen [26]. In the
“Netherlands Study of Depression and Anxiety”, a
large sample study, a significant relationship was
found between depression-anxiety and pain severity
in patients with pain and with depression and anxiety
[27]. It has been reported that the reason for the strong
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relationship between pain, depression and anxiety may
be that they share the same pathophysiological mech-
anisms. Pain, depression and anxiety may share the
same cognitive and behavioral processes and they can
occur with a change in activation in the same brain
areas (ACC, PFC, insula) [27, 28]. Since cognitive and
emotional factors affect the pain intensity, the offered
treatment method should improve depression and anx-
iety to relieve the patients with pain. At this point,
mindfulness meditation emerges as a complementary
treatment approach for pain, pain unpleasantness, de-
pression and anxiety that may accompany pain [29].

EFFECT OF MINDFULNESS MEDITATION ON
PAIN

Mindfulness meditation has its origins in Ancient East-
ern culture. Although it is originated from 2500 years
of Buddhism tradition, it is a cognitive and behavioral
therapeutic technique used for medical practices in the
West medicine. Basically, mindfulness can be defined
as “moment-by-moment awareness”’. However, mind-
fulness is purely experiential [29, 30]. During the
mindfulness meditation process, people intentionally
direct their attention and awareness to a certain focus
by often breathing or arising physical sensations. Peo-
ple are encouraged to experience their mental stance
(thoughts and emotions) and sensations in a non-
judgemental, accepting manner and nonelaborative at-
titude. Meditators who are aware of the transience of
thoughts, feelings and sensations reduce their stress
and rumination [31, 32].

Although there are different mindfulness prac-
tices, mindfulness meditation is basically divided into
two as “Focused Attention” and “Open Monitoring”
in terms of the quality of the practice. In “Focus At-
tention”, the meditators focus on a certain object such
as breathing and bodily sensation, by repeatedly shift-
ing their attention from thought / emotion / external
stimuli focuses to the selected object. Via “Open Mon-
itoring”, on the other hand, the meditators become
aware of their sensory/cognitive/emotional experience
observing them with an openness attitude, non-judge-
ment and nondetailed evaluation. It can be defined as
“awareness of awareness”. Through the continuity of
these practices, the meditators reach the ability to be-
come aware of the thoughts, emotions in their mind

and somatosensory experiences (trait mindfulness),
even when they do not practice meditation [12, 33].
Recently, the effect of mindfulness meditation on pain,
depression and anxiety which may accompany pain
have been the most common research topic. Kabat-
Zinn [29], who has an important role in the widely ac-
ceptance of mindfulness, carried out an important
study at Massachusetts Medical Center, in which pa-
tients experienced pain and stress for various reasons.
As a result of this study, it was determined that pain,
depression and anxiety decreased, after mindfulness
meditation and this improvement — excluding pain —
continued for 15-months follow-up [29]. This was
MBSR (Mindfulness-Based Stress Reduction) used as
a method in many clinical pain studies. MBSR is a
structured and standardized program that includes a
variety of practices such as breath focusing, yoga,
body scanning and silence retreats [34]. After Kabat-
Zinn et al. [29], scientific studies investigating the
therapeutic effect and underlying mechanism of mind-
fulness meditation and MBSR on pain, depression and
anxiety have increased over the years [7, 35-37].
Reiner et al. [38], reported that mindfulness-based
practices reduced pain severity and this reduction con-
tinued for a long time through learned techniques.

PAIN, MINDFULNESS and fMRI

fMRI is a non-invasive method that investigates the
effects of cognitive processes on neural activity in the
brain. It is based on hemodynamic changes due to al-
terations in local neural activity [39]. In various stud-
ies, the pain-relieving effect of mindfulness meditation
was demonstrated using fMRI that can determine the
underlying neural mechanism. In the study of Gard et
al. [40], painful stimuli were applied to expert medi-
tators and novices (control group)(Table 1). They de-
termined that the intensity of pain did not change in
both groups via mindfulness meditation. However, in
expert meditators, the decrease in pain unpleasantness
was accompanied by a decrease in bilateral lateral pre-
frontal cortex activity. During mindfulness meditation,
“accepting the pain non-judgementally” is related to
decreased lateral PFC activity. In addition, an increase
in posterior insula and seconder somatosensory cortex
activity was accompanied by the decrease in anxiety
about pain expectation. Because “focusing the atten-
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tion to the sensory aspect of pain” is related to the in-
sula activity through interoceptive attention (aware-
ness of inner bodily sensations). Also, it has been
reported that frontal top-down control was decreased
in this process [40]. In this study, the increase in right
anterior cingulate cortex and ventromedial prefrontal
cortex activity may be related to the effect of reducing
pain unpleasantness and anxiety expectation about
pain in the positive emotional state created by mind-
fulness meditation. These are areas where the pain is
processed cognitively and affectively. Because the
pain and anxiety modulation through mindfulness is
associated with decreased sensory processing of the
pain in the brain [40].

Lutz et al. [9] showed that expert meditators had
less pain unpleasantness during painful stimuli and
stronger activity in left anterior insula and anterior
midcingulate cortex by mindfulness meditation. In ad-
dition, it was reported that the activation of the amyg-
dala decreased in experienced meditators anxiety
during anticipation of pain. Amygdala activity is re-
lated with anxiety and decreased activity may be due
to decreased anxiety [9].

In a study, a reduction in pain catastrophizing
(negative, destructive thoughts about the pain itself)
was accompanied by a decrease in connectivity in
DMN nuclei and an increase in connectivity between
the DMN and the somatosensory cortex [10]. It was
attributed to the increased focus on the sensory stim-
ulus (pain) and the lack of detail of emotional
processes. This may lead to the fact that the “state of
being mindful” in daily life, which can be improved
with formal mindfulness meditation, is also effective
in reducing pain [10]. Supporting this result, Zeidan
et al. [11] suggested that mindfulness meditation dur-
ing painful stimulus caused in increased “awareness”,
decreased pain intensity, pain unpleasantness, and dor-
sal posterior cingulate cortex and precuneus deactiva-
tion in the brain in participants who had no previous
meditation experience (novice). Mindfulness medita-
tion can be a complementary treatment method in pain
symptom via decreasing posterior cingulate cortex and
precuneus activity by reducing self-referential and ru-
minative thoughts [119. Because the posterior cingu-
late cortex and precuneus, which is the nucleus of the
DMN, plays significant role in the processing of pain
along with self-referential and ruminative thoughts.

Recently, there are studies by novice and expert

mediators on the effect of mindfulness meditation on
pain. Wang et al. [41] presented that mindfulness med-
itation reduced pain unpleasantness in expert media-
tors and that the reason was the separation of the
sensory and cognitive/affective aspects of pain.
Painful stimuli were accompanied by increased activ-
ity in the secondary somatosensory cortex and poste-
rior insula in experts, and decreased activity in the
primary somatosensory cortex in novices. The reason
may be the difference in the applied meditation direc-
tives. Thus; somatosensory activity is modulated by
cognitive factors. Shifting attention from the painful
stimulus to another thing decreases the activity in the
somatosensory region while focusing on the painful
stimulus increases the activity. In this respect, it is sim-
ilar to the results of the study of Harrison et al. [10].
Expert mediators could improve pain through de-
creased activity in the ACC, PFC, and Orbitofrontal
Cortex (OFC) (one of the areas responsible for sensory
discrimination and emotional reaction), modulation of
cognitive functions and decreased emotional reactiv-
ity. This once again points to the cognitive and affec-
tive aspects of analgesia developed by mindfulness
meditation. Attenuation of the pain signal by mindful-
ness meditation before it reaches the thalamus, may
decrease the activity in the thalamus and prevent the
pain from reaching the somatosensory cortex as a
strong signal. Reduction of self-referential thoughts in
expert mediators may alleviate the pain by reducing
DMN activity [41]. Considering the role of DMN in
pain sensation, this is an expected feature.

Zeidan et al. [20] reported that the decrease in pain
intensity by mindfulness meditation (Focus Attention)
was accompanied by a decreased in ACC and right an-
terior insula activity which is responsible for the cog-
nitive modulation of pain and interoceptive awareness.
In this respect, “Focus Attention” has a different mech-
anism from “Open Monitoring” mindfulness medita-
tion [20]. In a comprehensive study of Zeidan ef al.
[42] individuals who applied during a painful stimulus
were divided into mindfulness meditation, sham and
placebo. These groups were compared with fMRI im-
aging methods in terms of the effect of mindfulness
meditation during the painful stimulus. Consequently,
it was determined that “the level of awareness” (as-
sessed by a scale) increased only in the group that ap-
plied mindfulness meditation and it was reported that
although pain intensity and pain unpleasantness de-
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creased in all three groups. However, it was deter-
mined that the neural analgesic mechanisms accom-
panying the decreased of pain intensity and pain
unpleasantness in the group that practice mindfulness
meditation were different from those in the sham and
placebo groups. It was reported that the increase in the
activity of the subgenual ACC, anterior insula and
OFC responsible for the cognitive modulation of pain,
was due to the non-judgmental awareness that takes
place in mindfulness meditation. Also, significantly
reduced neural activity was observed in the thalamus
and PAG, where nociceptive information is facilitated
and modulated by mindfulness meditation [42].

In a study, people who were applied painful stim-
uli and practiced mindfulness meditation (Focus At-
tention) had significantly decreased pain intensity and
pain unpleasantness compared to the control group
(reading an audiobook). The improvement in pain pa-
rameters was accompanied by decreased connectivity
between the contralateral thalamus and precuneus and
decreased activation of the ventromedial PFC, amyg-
dala, and hippocampus [43]. The areas in which activ-
ity changes were observed in the study are similar to
the study of Lutz et al. [9], Harrison ef al. [10], Zeidan
etal. [11] and Wang et al. [41]. Precuneus refers to the
“’awareness of one's self and the surrounding sensory
environment”; pain increases with its activation [43,
44]. < Awareness of breath” through ‘’Focus Atten-
tion” may explain the decreased activation of pre-
cuneus and improvement of pain parameters. In
addition, mediators did not abandon oneself to the
self-referential thoughts related to the painful stimulus,
thanks to their “non-judgmental refocusing on their
breath when their attention is disengaged from their
breath without reacting emotionally”. In the study,
changes in ventromedial PFC can have a positive ef-
fect on pain by controlling affective processes [19].
The decrease in the emotional reaction to pain may ex-
plain the positive effect of these regions on the sensa-
tion of pain.

In addition to experimental painful stimuli, the un-
derlying mechanism of mindfulness meditation on the
patients with clinical pain was investigated by fMRI
imaging method.

In these studies, MBSR, a structured program
based on mindfulness meditation, was offered as a
method to observe the activity changes in the insula,
ACC, PFC and DMN playing an important role in the

effect of mindfulness meditation on pain [45-48].

Headache frequency was significantly reduced at
20th weeks compared to the active control group who
applied MBSR in migraine patients who were admin-
istered two consecutive Stress Management for
Headache programs, each lasting 8 weeks. In fMRI
analyzes, it was found that connectivity decreased in
the left dorsal anterior insula and the right posterior
parietal cortex, which are responsible for the cognitive
functions of the brain. These effects did not persist in
the study at 52nd week. This points to the importance
of continuity as well as the effectiveness of mindful-
ness meditation-based practices [45]. MBSR is a gru-
eling and expensive program. For this reason, it was
hypothesized that shorter-term MBSR (4-week) stud-
ies could also be done in the clinic. In a study [46],
emotional awareness of patients who were given sad-
ness-inducing visual stimuli and music to patients with
back pain was determined and graded instantly. After
the practices, pain intensity, depression and somatic-
emotional symptoms of depression decreased com-
pared to before (compared to the control group) and
there was no change in the level of anxiety. In fMRI,
right and left subgenual ACC, left ventrolateral PFC
activity increased (compared to before) in the MBSR
group. In addition, a positive correlation was found
between the severity of sadness and left subgenual
ACC activity. According to this study, although short-
term MBSR programs are presented as a therapeutic
method for pain intensity and depression in back pain
patients, further research can be conducted with a
larger sample and different meditation procedures,
since their effects on anxiety are contradictory [46].
One of the painful syndromes is chronic neuropathic
pain that does not respond to pharmacological treat-
ments. So as to, the effectiveness of mindfulness-
based practices and the underlying neural mechanisms
in patients have been investigated via fMRI in many
studies.

In a study, MBSR was applied for the manage-
ment of chronic neuropathy in patients with breast
cancer. The decrease in pain intensity in the MBSR
group (compared to the wait-list group) was accom-
panied by an increase in PCC, medial PFC activity and
ACC connectivity of the DMN. This finding was at-
tributed to shifting the focus of attention from rumi-
native thoughts about pain and emotional evaluation
of pain [47]. In this study, fMRI findings accompany-
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ing the decrease in pain intensity contradict with the
studies of Zeidan et al. [11] and Harrison et al. [10].
The reason for this result may be the difference in the
mindfulness meditation procedure practiced. In addi-
tion to the ACC, insula, PFC and DMN imaged with
fMRI in mindfulness meditation, there is another study
in which brain white matter is also imaged as a new
approach. In that study, it was reported that in patients
with breast cancer after the MBSR program, the inten-
sity of chronic neuropathic pain was decreased. The
development was observed in the left lateralized un-
cinate fascicle, hippocampus, amygdala and outer cap-
sule. These regions are responsible for executive
functions, attention, emotional state and pain percep-
tion targeted by MBSR. As a result, it was presented
as a non-pharmacological method for chronic neuro-
pathic pain, which is a treatment-limiting factor in
breast cancer [48]. Also in the patient group with
chronic neuropathic pain, visual stimulus (compared
to the control group) after MBSR was accompanied
by a decrease in pain perception, accompanied by de-
creased activity in the primary somatosensory cortex
(activated in chronic pain). A decrease in activity was
observed in the precuneus. This finding points to the
"mindful trait (ability of being aware of one's self and
the surrounding sensory stimuli)". The decrease in ac-
tivity seen in the dorsolateral PFC has been attributed
to a decrease in pain expectation and reduced effort to
control emotions. This study is one of the studies re-
porting the role of decreased emotional reactivity de-
veloped via mindfulness meditation in its improved
effect on pain [49].

Fibromyalgia Syndrome is a pain disorder charac-
terized by widespread skeletal-muscular pain and ten-
derness by palpation. Itis accompanied by cognitive
and affective disorders [50]. For this reason, mindful-
ness meditation, one of the treatments offered, has
took part an approach that also targets these psycho-
logical comorbidities. In the study of Medina et al.
[51], pain intensity and accompanying fMRI findings
were compared in patients who continued their routine
treatment (TAU), healthy lifestyle recommendations
added to their routine treatment (TAU+FibroQol) and
in addition to MBSR (TAU+MBSR). In the TAU+Fi-
broQoL group, amygdala activation was decreased in
fMRI and it was reported that the patients were not en-
gaged in negative emotions. Amygdala has the role in
the top-down processes and the contribution of top-

down control to the affective aspect of pain can ex-
plain this result. However, no significant reduction in
pain perception was reported in any of the three
groups. This may indicate that mindfulness-based
practices have no effect on chronic pain. However,
measurement of pain intensity by VAS (Visual Analog
Scale), which is an instant assessment, may not pro-
vide information about the pain in general of patients
with chronic pain [51].

CONCLUSIONS

The fMRI findings about the effects of mindfulness
meditation on pain intensity, pain unpleasantness and
depression and anxiety may accompanying pain are
similar. During pain, activity changes in the ACC, in-
sula, amygdala, PFC and DMN are observed with
mindfulness meditation. This may indicate that the ef-
fect of mindfulness meditation on pain intensity occurs
by affecting the areas where pain is processed cogni-
tively and affectively. So that, mindfulness meditation
can be offered as a complementary treatment method
for pain intensity and accompanying psychological co-
morbidities such as pain unpleasantness, depression
and anxiety.

In future studies, it may be aimed to determine the
underlying neurophysiological abnormalities in pa-
tients with pain with different clinical diagnoses by
fMRI and to determine the optimum meditation pro-
tocol and duration. In addition, the mechanism of ac-
tion of mindfulness meditation in pain treatment can
be investigated by using neurophysiological methods
such as PET (Positron Emission Tomography), EEG
(Electroencephalography) and Heart Rate Variability,
as well as fMRI.
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ABSTRACT

Primary bone lymphoma is a rare entity, accounting for approximately 3-7% of malignant bone tumors, 5% of
extra-nodal lymphomas and < 1% of all non-Hodgkin lymphomas. Primary spine localized lymphoma is 1.7%
of all primary bone lymphomas. A 73 year-old female presented with a two month history of severe backache.
T1W and T2W MRI showed a hypointense soft tissue component extending from the left posterior elements
to Th7 corpus. The patient underwent Th6-7-8 total laminectomy. Th7-8 extradural mass was totally resected.
Excisional biopsy was performed through Th7 left pedicle and vertebroplasty was applied. Significant reduction
in pain was seen postoperatively. The patient was diagnosed with diffuse large B cell lymphoma. The patient
received combined treatment with R-CHOP chemotherapy and local radiotherapy. Any other lesions were not
detected after the examinations following 6 months period and it was accepted as primary bone lymphoma.

Keywords: Primary bone lymphoma, diffuse large B cell lymphoma, thoracic spine, excisional biopsy,

vertebroplasty

Primary bone lymphoma (PBL) involving the spine
is an extremely rare tumor and therefore may be
missed in diagnosis. It could cause pain and neurolog-
ical symptoms, and affect the quality of life negatively,
especially in elderly and comorbidized patients [1].
Following a well-planned surgery, it is possible to con-
trol the tumor with chemotherapy and radiotherapy ap-
plications [1, 2].

CASE PRESENTATION

A 73 year old woman presented with a two month his-
tory of severe backache started without any trauma.
She had primary hypertension, hypercolesterolemy,
type 2 diabetes and chronic obstructive pulmonary dis-

ease. Localized tenderness and percussion pain were
observed at Th6-8 levels. T1W and T2W MRI showed
a hypointense soft tissue component extending from
the left posterior elements to Th7 corpus (Fig. 1). The
patient was considered primarily plasmacytoma or
metastasis in differential diagnosis. No other focus or
suspicious lymph nodes were observed in thorax CT,
abdominal CT, dynamic abdominal MR, whole body
bone sintigraphy, and all spinal MRI.

The patient was operated under general anesthesia.
Th6-7-8 total laminectomy performed. The extradural
lesion at Th7-8 totally excised. The tumor extending
into the corpus was curetted through the T7 left pedi-
cle, and vertebroplasty was applied (Fig. 2). As a result
of histopathological and immunohistochemical analy-
sis, lymphoid cells CD 20 (+), Bcl-2 (+), CD10 (+),
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Fig. 1. (A) Preoperative sagittal T1W, (B) sagittal T2W, (C) post-contrast sagittal and (D) post-contrast axial MR images of
the patient showing a soft tissue component with TIW and T2W hypointense signal characteristics, and extending from the
left posterior elements and Th6-7 and Th7-8 foramens, posterior to the Th7 vertebral corpus.

Fig. 2. (A) sagittal and (B) axial early postoperative control thoracal CT showing the mass was totally excised and the poly-
methylmethacrylate (PMMA) applied to the 7. thoracic vertebra.
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Fig. 3. Histopathology: (A) Diffuse infiltration of large atypical lymphoid cells (HE x200) and (B) diffuse CD20 positivity

in atypical lymphoid cells (CD20 %200).

PAX-5 (+), Bcl-6 30% (+), Mum-1 (-). Ki67 prolifer-
ation index detected around 70%. It was thought "Ger-
minal Center Originated" B cell phenotype with Hans
algorithm. It was accepted as diffuse large B-cell lym-
phoma (Fig. 3). The patient received combined treat-
ment with four cycles of R-CHOP chemotherapy
(rituximab, cyclophosphamide, doxorubicin, vin-
cristine, prednisone), and radiotherapy in a dose of 46
Gy in 15 sessions.

The patient was diagnosed with primary bone
lymphoma, with no local or systemic extra involve-
ment at the post-op control within six months. The pa-
tient has no complaints or neurological deficits 15

months postoperatively. No local recurrence was ob-
served in control spinal MRI (Fig. 4).

DISCUSSION

Primary bone lymphoma is a rare entity; and consti-
tutes 3-7% of all malignant bone tumors, less than 1%
of all non-hodgkin lymphomas and 5% of all extran-
odal lymphomas [3.,4]. Primary bone lymphomas are
mostly reported in the femur or pelvis (50%) and
upper extremities long bones (20%). The remaining
30% cases include rare localizations such as costa,

Fig. 4. (A) T2W sagittal and (B) T2W axial control MRI sections at the postoperative 15th month, showing the mass was

completely excised and no local recurrence was seen.
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mandible or scapula. 1.7% of all primary bone lym-
phomas involve the spine, mostly thoracic or lumbar
spine [5]. World Health Organization classification of
neoplasms of the hematopoietic and lymphoid tissues
in 2022 characterized PBL as an independent disease
[2].

Following four criteria should be met in the detec-
tion of primary bone lymphoma today: (1) primary in-
volvement site of the bone; (2) no evidence of
extra-bone lesion; (3) no evidence of any other extra-
bone lesion six months after bone lesion is diagnosed;
and (4) the diagnosis is confirmed by both pathologi-
cal morphology and immunochemistry [2].

The most common histological type (90%) of pri-
mary bone lymphomas is diffuse large B-cell lym-
phoma [4]. It is moderately higher in men, most
common age is 45-60, it peaks around the age of 50
[6]. Pain is the most common symptom (80-95%).
Pathological fractures (15-20%), hypoesthesia, para-
plegia, bladder and anal sphincter dysfunction could
be determined [7].

MRI provides clear information about soft tissue
spread, and spinal cord compression. PET CT provides
insight into disease spread and involvement sites [8].
Primary bone lymphoma as a rare entity should be
kept in mind in the differential diagnosis of metastatic
carcinoma, Ewing sarcoma, osteosarcoma, plasmacy-
toma and chronic osteomyelitis [9]. The definitive di-
agnosis of primary bone lymphoma is based on
histopathological and immunohistochemical examina-
tions, such as MUM1 positivity and BLC6 mutation
compared to other extranodal lymphomas. MUMI1 ex-
pression > 10%, low CD10 expression and non-ger-
minal center origin are signs of poor prognosis.
Patients initially presented with a pathological frac-
tures were also associated with a poor prognosis [10].

Emergency surgery is indicated for spinal cord
compression presenting with neurological deficits.
Stabilization prevents instability and increases the
quality of life, especially in multiple level pathological
fractures. Percutaneous vertebroplasty preferred as a
minimally invasive procedure for pain palliation in pa-
tients with only corpus involvement [1, 10]. With sys-
temic chemotherapy (R-CHOP protocol) and local
radiotherapy following surgical resection, five year
survival range is from 62% to 88% [3, 4, 11].

CONCLUSION

Primary bone lymphoma involving the spine is an ex-
tremely rare entity. Histopathological and immunohis-
tochemical examination is important in the differential
diagnosis of diseases such as metastasis, ostomyelitis,
plasmacytoma, and osteosarcoma.. Treatment options
include percutaneous vertebroplasty, resection with
open surgery, and resection + stabilization following
systemic chemotherapy and local radiotherapy.
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ABSTRACT

Malignant melanomas, often appearing on the skin, rarely metastasize to internal organs and the ovaries are
the least affected site. A 45-year-old female patient presenting with a skin lesion on the right side of the neck
and diagnosed with malignant melanoma through excision biopsy also appeared to have lung metastasis and a
nonspecific ovarian cystic mass of 6 cm after PET-CT scan was performed. Examination revealed a mass with
the widest diameter of 9 cm and a surgical decision was made due to the rapid growth pattern. Tumor markers
appeared to be within the normal range. Laparoscopic right salpingoopherectomy was performed and frozen
section biopsy was obtained. The result was found to be malignant and complementary surgery was performed.
Pathological examination of the cystic mass, which was detected to have only nonspecific findings on
radiological exam, revealed tiny solid areas in its capsule. The patient was started on postoperative Dabrafenib
+ Trametinib treatment by oncology and was followed up without recurrence until the 24" postoperative month.
At month 24, the brain metastasis with no response to radiotherapy occurred and the patient was lost on the
15" day after decompression surgery. It is important to send adnexal masses to the frozen even if they appear
to have a benign character. In patients with a known history of primary cancer, the possibility of the metastasis
from the primary tumor site to the ovary should be considered in those whose peroperative frozen section result
is in favor of malignancy. Our case is the first case of ovarian malignant melanoma metastasis with a completely
cystic and septa-free character in the literature.

Keywords: Metastasis, ovarian malignant melanoma, ovary cyst, survey

Malignant melanoma (MM) is a malignant tumor  of cancer is known to have the most rapidly increasing
of melanocytes with the skin being the most im- incidence worldwide. Genetic mutations such as
portant site of localization [1]. Rarely, eye mucosaand CDKN2A, PTEN, TP53, and ARID2, atypical/dys-
internal organ involvement can also be seen. This type plastic nevi, overexposure to UV and sunlight, FAMM
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Metastatic malignant melanoma to ovary

(Familial atypical multiple mole melanoma syn-
drome), and immunosuppression are among the risk
factors [2, 3]. Gynecologically, the most common site
of metastasis is the endometrium; much more rarely,
it is seen to metastasize to the ovary [4]. Female gen-
ital tract MM constitutes 3% of all melanomas [5].
MM of the ovary may be a metastasis of a melanoma
originating from the skin or elsewhere, as well as it
may be a primary site of disease [6]. Primary ovarian
malignant melanoma is a rarely seen presentation. Al-
though generally originated from mature cystic ter-
atoma, it appears to be a rare malignant transformation
of this tumor [6]. Clinically, it usually appears as a
solid ovarian mass, although additional metastases
may be seen during the operation [7]. MM may spread
via lymphatic and hematogenous routes, and metas-
tases often occur to regional lymph nodes, lung, liver,
central nervous system, bone, and more rarely other
visceral organs [8].

In this report it was aimed to present our exper-
inece of management for malignant melanoma case
metastasize to ovary without any sings of malignancy.
A 45-year-old female patient with a prior skin excision
biopsy-confirmed diagnosis of malignant melanoma,
with lung metastases detected on PET-CT is presented.
In the same PET-CT session, a right ovarian cyst of 6
cm, which was considered to show physiological up-
take, was reported, and further referral to obstetrics
and gynecology was made. The patient, whose lung
lesion was also surgically removed, was operated on
after the ovarian cyst progression to 12 cm, and the
final pathology result was reported as malignant
melanoma for both sites.

CASE PRESENTATION

A 45-year-old climacteric period female, gravida 1,
parity 1, was referred to our clinic after a 6 cm non-
specific cystic mass originating from the right ovary
was detected on PET-CT performed in an external
medical center. There was no known history of chronic
disease, she has been smoking !zpack/day (5
packs/year) for 10 years and had a lateral neck mass
of 1.5 x 1.5 x 0.8 cm excised at external center 5
months ago; as a result, a diagnosis of malignant
melanoma was established. Immunohistochemical ex-
amination was focally positive for HMB45 genemed,

positive for vimentin clone V9 genemed, while micro-
scopic examination showed poorly differentiated ma-
lignant tumoral infiltration. Following the diagnosis,
a PET-CT scan revealed masses each one the size of 1
cm in the apical region of the right lung upper lobe
and the middle lobe; therefore, wedge resection of the
upper and middle lobes was performed. The pathology
results were reported to be compatible with malignant
melanoma metastasis; she was followed up by a tho-
racic surgeon.

In addition, on the PET-CT scan taken upon the
diagnosis, a 6 cm mass structure with a mild FDG up-
take in the right adnexal area suggesting a nonspecific
ovarian cyst was distinguished, and a 3 cm mass sug-
gesting physiological ovarian tissue with heteroge-
neous and minimal FDG uptake at the anterosuperior
junction was observed. Referral to obstetrics and gy-
necology has been made and aproxiametely 9 cm in
lenght cycytic mass was observed on gynecologycal
examination on the right adnexal locus. On MRI the
endometrium and uterine cavity appeared to be nor-
mal, a few fibroids of 1,5 cm was found in the uterus
corpus and fundus; in the pelvic entrance, a 7 x 8 X 9
cm thin-walled cystic mass with a slight thickening on
the anterior wall was observed. Surgical excision was
recommanded.

After the desicion of the patient for the surgery, on
the gynecological examination, performed 4 months
after the initial PET-CT, the uterus and left ovary were
normal, and a homogeneous cystic mass of 12 X 9 cm

Fig. 1. Ultrasonographic image of a homogeneous cystic
mass of 12x9 cm without septa in the right adnexal locus.
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Fig. 2. Diffuse atypical proliferation of polygonal cells (H&E x100)

without septa in the right adnexal locus was observed
(Fig. 1). The patient in the climacteric period sees a
period every 45 days; bleeding lasts for 4 days and
changes 3-4 pads a day on average. Tumour marker
levels were CA125 = 36.3- CA15.3 =14.1 — CA19.9
=4.6 — CEA = 1.18 and considered normal. The cystic
mass was considered benign in the foreground, and
L/S right salpingo-oophorectomy was planned. Preop-
erative endometrial biopsy results were reported as ir-
regular endometrial tissue  fragments, and
mammography was normal. During the operation, the
cyst, approximately 13-15 cm in size, was taken into
the endobag, and after the bag was mouthed out, it was
ruptured and aspirated into the bag; the remaining ma-
terial was taken out of the abdomen and sent to the
frozen. It was observed that the aspiration fluid was
slightly yellowish, attributed to the cyst’s semitorsion.
After the frozen section result was reported as malig-
nant, the patient was reopened with a median incision
above and below the umbilicus, and complementary
surgery was performed with hysterectomy, left salp-
ingo-oophorectomy, bilateral pelvic/paraaortic/obtu-
rator lymphadenectomy, omentectomy, and peritoneal
biopsy; the patient was discharged on the 5th-day post-
operatively with no complications. In the final pathol-
ogy report, the cystic mass originating from the right
ovary was described as 2 tissue pieces with macro-
scopic dimensions of 8.5 x 6 X 2 cm and 10.5 x 8 x 1

cm. On the larger piece of tissue, tiny solid areas were
reported; the size was not specified. No metastasis was
observed in the removed lymph nodes, and no adverse
features were observed in the uterus, left ovary, left
and right tuba. Immunohistochemical study was pos-
itive for S100, HMB45, Melan A, MART1; pan-cy-
tokeratin and PAX were reported negative. In addition,
after the BRAF mutation studied in the malignant
mass sample was reported positive, the pathologic di-
agnosis of malignant melanoma metastasized to the
ovary was established. Diffuse atypical proliferation
consisting of polygonal cells (H&E X 100) is shown
in Fig. 2, and a cross-section (x 100) in which posi-
tivity was detected in atypical cells with Melan A im-
munostain is shown in Fig. 3.

After the final pathology report, the patient pro-
ceeded to oncology follow-up, and dual-targeted ther-
apy (dabrafenib + trametinib) was initiated.
Regression prevailed on the PET-CT performed at 6™
month after surgery in contrast to the initial one, and
routine follow-up continued.

Consecutive PET-CT scan taken at the 12" month
postoperatively revealed hypermetabolic nodular for-
mation in the upper inner quadrant of the right breast
suggestive of malignancy (second primary?) and min-
imal hypermetabolic lymph node in the right upper ax-
illary fossa, suggestive of metastasis. No hypermetabolic
area was observed in the lungs and pelvis. On further
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Fig. 3. Melan A immunostaining revealed positivity in atypical cells (x100).

investigation, no malignancy of the breast and axillary
region was detected. Partial regression was observed
in the hypermetabolic area of the breast on the 18th
week postoperative PET-CT scan.

The patient was followed up with no recurrence
till the 24™ month. At the 24" month after surgery
headache and convulsion attacks started to appear, and
neurological follow up were initiated. Increased in-
tracranial pressure and cerebral masses were seen on
the MRI, and epilepsy was ruled out by neurology.
Whole brain radiotherapy in 10 fractions was per-
formed. Minimal regression of cerebral masses was
observed on the control MRI after treatment. Convul-
sions recurred and intracranial pressure findings reap-
peared on the 27" month postoperatively. The
neurosurgical evaluation took place and decompres-
sive surgery was performed. The patient died on post-
operative day 15 during the intensive care unit
follow-up.

DISCUSSION

Ovarian metastases account for about 5% of all ovar-
ian cancer cases, and usually, stomach, lung, and liver
cancers metastasize to the ovary [8, 9]. Ovary metas-
tasis from malignant melanoma is extremely rare [8].

Metastasis to the ovary occurs within an average

of 7 years after the diagnosis of primary malignant
melanoma [9]. In our case, the patient was diagnosed
with primary skin MM 5 months before referral, her
treatment was completed and she was followed up for
MM. From this perspective, in contrast to the time pre-
dicted in the literature, the time to ovarian metastasis
in our patient was considerably shorter. According to
the literature, the mean age of patients with MM
metastasis in the ovary is 35.7 years, with extremities
being the most common site of tumor spread [7]. Our
patient is 45 years old and the primary tumor was de-
tected in the left lateral part of the neck. In this context,
our patient appears to be diagnosed with MM 10 years
later than the predicted mean age of metastasis, and
the localization is the neck - instead of the commonly
seen extremities. It is known that malignant melanoma
most commonly spreads to the lung and liver [10].
Consistent with the literature, the lung metastases
were seen on PET-CT following the primary diagno-
sis, and the patient was under thorough follow-up after
the tumor resection. Since the patient stated that she
did not delay the visit to the doctor after the neck mass
resection, it is clear that the tumor may have had an
aggressive course in the patient. Thus, metastasis to
the lung must have occurred at the time of the first di-
agnosis, and metastasis to the ovary was observed at
the 5™ month afterward.

Clinically, the solid component predominates in
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malignant melanoma metastases, and they have an ap-
pearance suggestive of ovarian cancer on ultrasound
[11]. First imaging is done with transvaginal ultra-
sound, though this modality only detects an ovarian
mass, and it is not possible to detect clinical findings
that would suggest malignant melanoma [12]. A pure
cystic lesion with a maximum size of 12 cm was de-
tected in the right adnexal area on the first transvaginal
ultrasound examination performed in our patient, and
since the tumor marker levels were within the normal
range, the patient was initially considered to have a
benign ovarian cystic mass. Among other imaging
studies, PET-CT and MRI usually reveal nonspecific
findings rather than those suggestive of MM [8, 12].
It is mentioned in the literature that ovarian malignant
melanoma can be detected on MRI if the tumor con-
tains melanin pigment, which may not always be pres-
ent [9]. On the first PET-CT imaging of our patient, a
nonspecific cyst of 6 cm and a 3 cm cyst suggestive
of physiological ovarian involvement were detected,
which was considered nonspecific, and consecutive
MRI showed the cyst progression to 7 x 8 x 9 cm. It
is known from the literature that ovarian MM may
have a partially cystic appearance, though a pure cys-
tic lesion has not been shown in any case so far. It is
known from the literature that ovarian MM may have
a partially cystic appearance, nevertheless, a pure cys-
tic lesion has not been shown in any case so far. In our
case, no solid mass lesion was detected on any imag-
ing modality, but tiny solid areas were found on the
capsule on the paraftin section.

Patients may present with pain due to malignant
metastases in the ovary, but the cases may also be
asymptomatic, as is stated in the literatiire [4]. There
was no pelvic pain in our case, and the patient ap-
peared to be in an asymptomatic group in gynecolog-
ical terms. Most cases are unilateral, with a minority
of cases being bilateral [7, 13, 14]. In our patient, a
cystic mass without septa, reaching a size of 12 cm,
was seen in the right adnexal area, while the other
ovary looked completely normal.

The diagnosis is made immunohistochemically ac-
cording to proteins S-100, human melanoma black-45
and MART-1 positivity, and the absence of coexpres-
sion of the antibody vimentin: cytokeratins 8 and 18.
Our case was diagnosed with MM by being reported
positive for S100, HMB45, Melan A and MART 1, and
negative for pan-cytokeratin and PAX-8.

Although there is a common opinion that the treat-
ment is surgical, there is no consensus on the type of
surgery. As it is emphasized, surgery options are
oophorectomy alone, TAH+BSO or, especially in ad-
vanced cases, pelvic and para-aortic lymphadenec-
tomy with infracolic omentectomy in adjunction to
TAH+BSO [9]. Since the findings suggestive of ma-
lignancy were insufficient in our patient, laparoscopic
right salpingo-oophorectomy was performed first, and
after frozen was found suggestive of malignancy, the
operation was continued considering MM. Wide sur-
gical excision, which is routinely applied to patients
whose frozen results are found to be malignant, was
also performed on our patient.

Survival remains poor despite new targeted treat-
ments developed; even though there are cases reported
with patients followed for as long as 96th month with-
out recurrence after bilateral oophorectomy for ovar-
ian metastasis was performed, the median overall
survival is 2 years after metastasis [7]. Our patient died
27 months after ovarian metastasis was detected,
which is consistent with these data.

CONCLUSION

Malignant melanoma has a worse prognosis compared
to other ovarian cancers. As seen in our case, ovarian
involvement is generally due to metastasis. In general,
they manifest as solid lesions, but it should not be for-
gotten that they can also present as masses with a cys-
tic appearance, as seen in our case. Our case is the first
case of ovarian malignant melanoma metastasis with
a completely cystic and septa-free character in the lit-
erature. It is important to evaluate adnexal masses
histopathologically with frozen, even if they seem be-
nign on ultrasonographic and radiological images. The
possibility of tumor metastasis to the ovary should be
kept in mind for patients whose frozen results are sug-
gestive of malignancy if there is a known history of
primary cancer.
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ABSTRACT

Cervical fibroids are rare neoplasms of uterine origin whose management has not been standardized. Cervical
fibroids, which can be challenging in surgical management, can become a difficult problem for the surgeon
when neglected or asymptomatic and reach gigantic dimensions. Suspending the aorta abdominalis or arteria
illiaca communis with vascular tapes and balloting the uterus with the help of vaginal taping while searching
for the correct cleavage may reduce the risk of intraoperative hemorrhage and adjacent organ injury, as well
as may be guide for the steps of the operation. Management of neglected giant cervical fibroids may not be
suitable for testing alternative treatment methods to surgery used in the treatment of uterine neoplasms.
However, surgical management will also be challenging. For this reason, the technique we describe can help

the surgeon with clues that should be considered in the surgical management of these patients.
Keywords: Gynecological surgery, uterine fibroid, neglected, cervical leiomyoma

terine leiomyomas are one of the most common

benign neoplasms in women. 95% of myomas,
the frequency of which reaches 70% in women of re-
productive age, originate from the uterine corpus [1].
Cervical fibroids are seen less than 5 percent of the
time. [2]. Although it is usually asymptomatic, in
symptomatic cases, the patient is most often admitted
to the hospital with abnormal uterine bleeding, chronic
pelvic pain, urinary and gastrointestinal complaints as-
sociated with pressure.

In the subclassification of leiomyomas published
by FIGO in 2011 regarding abnormal uterine bleeding,
cervical myomas were included in the other group,
which is type 8 [3]. Over the years, cervical fibroids
have been examined as classified into subserosal (ex-
tracervical) and intracervical (intracervical) fibroids.

Location is one of the most important parameters in
choosing a surgical method [2, 4].

Surgical procedures applied to cervical fibroids
may be more difficult than fibroids originating from
the corpus uteri. This, increased intraoperative hem-
orrhage, is due to an increased risk of adjacent organ
injury related to impaired pelvic anatomy caused by
dislocated pelvic organs because of cervical myoma.
For these reasons, it would be better to involve expe-
rienced surgeons who have knowledge of retroperi-
toneal anatomy and, if possible, experience in
gynecological oncology in operations related to neg-
lected giant cervical fibroids [5]. The preoperative di-
agnosis of our patients was made by ultrasound and
contrast-enhanced lower-upper abdomen MR imaging.
Preoperative diagnosis of cervical myoma was made
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by the same gynecological oncologist (OA).

Currently, there is no standardized approach or
technique in the treatment of cervical fibroids. This
causes the change in the chosen treatment according
to the experience of the center and the surgeon, the ac-
cessibility of current techniques, and patient-related
variables. Therefore, the size of the fibroid, its location
in the cervix, its relationship with neighboring organs
are other factors that determine the operation tech-
nique and the difficulty coefficient. In recent years,
with increased uterus-sparing approaches, there has
been a tendency towards uterus-sparing surgical pro-
cedures and radiological techniques. However, uter-
ine-sparing surgeries may not be possible in neglected
giant fibroids due to insufficient surgical field, in-
creased risk of intraoperative bleeding and impaired
pelvic anatomy. With this study, we aimed to give sur-
geons an alternative idea to deal with such large cer-
vical fibroids and to share our approach to
management.

CASE PRESENTATIONS

CASE 1

The 37-year-old patient, gravida 3, parity 2, abor-
tus 1, had no known disease other than lumbar disc
herniation and gastroesophageal reflux, and had no ad-
ditional features in her history, had complaints of men-

Fig. 1. Sagittal plane MRI of the giant cervical fibroid.

orrhagia and abdominal bloating. On examination,
there was approximately 25 cm multiple myomatous
uterus extending to the umbilicus. In order to reduce
the risk of bleeding during the operation, the abdomi-
nal aorta was turned approximately 1 cm above the
aortic bifurcation with vascular tape and suspended for
approximately 15 minutes. There was no need for in-
traoperative transfusion. Postoperatively, one unit of
erythrocyte suspension was transfused. The pathology
result was reported as 25x15x10 cm leiomyoma start-
ing from the lateral cervix and extending to the uterus
corpus (Fig. 1).

CASE 2

The patient, who was 46 years old, had gravida 5,
parity 2 and abortus 3, had a known chronic hyperten-
sion disease and was using amlodipine for this reason,
and had no additional features in her history, had a
complaint of urinary incontinence. In her routine ex-
amination, myoma uteri with a diameter of 13x14 cm,
which was thought to originate from the cervix, was
detected. Before the specimen was removed during the
operation, bilateral arteria illiaca communis were sus-
pended for approximately 12 minutes with the help of
vascular tapes in order to reduce bleeding. No massive

Fig. 2. Degenerated leiomyoma extending from the cervix.
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Fig. 3. Intraoperative view of giant cervical myoma.

bleeding was observed during the operation and no
need for blood transfusion occurred during the post-
operative period. In the pathology report, a degenerate
myoma nodule with a diameter of approximately 13
cm, localized on the anterior wall extending from the
cervix, which was visible when the uterus was cut, was
observed (Figs. 2 and 3).

CASE 3

The 44-year-old patient, who was gravid 0, parity
0, had no features other than being a Hepatitis B car-
rier in her history, had no additional complaints other
than abdominal swelling. On examination, giant
myoma uteri, which was thought to be of cervical ori-
gin, enlarged the uterus to the xiphoid, bilateral grade

Fig. 4. Intraoperative image of cervical myoma measuring approximately 33 x 17 cm.
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3-4 hydronephrosis was observed. Due to preoperative
anemia, 2 units of erythrocyte suspension and 2 units
of fresh frozen plasma were transfused. Horseshoe
kidney and bilaterally dilated ureters were present on
exploration. Urology consultation was requested, and
it was said that no additional intraoperative interven-
tion was required. In order to reduce the risk of bleed-
ing during the operation, the abdominal aorta was
turned approximately 2 cm above the aortic bifurca-
tion with vascular tape and suspended for approxi-
mately 25 minutes. At the end of 25 minutes, the aortic
tape was cut and removed (Fig. 4). There was no need
for additional post-operative blood transfusion. Al-
though the cervix could not be observed separately in
the pathology report, a giant myoma measuring ap-
proximately 33 % 17 cm was observed.

For these cases, we prepared the patients in the
dorsal lithotomy position, and we also stained the
vaginal and vulvar areas during routine povidone io-
dide staining. We always started the operation with a
median incision below and above the umbilicus, and
we always keeped an extra person ready in the opera-
tion area in case there is a need for vaginal manipula-
tion. Before proceeding to the surgical steps before
entering the abdomen, suspending the aorta abdomi-
nalis approximately 1 cm above the aortic bifurcation
if possible, and if not possible, suspending the arteria
illiaca communis with vascular tapes is the most ap-
propriate precaution that can be taken to prevent pos-
sible vascular complications and to reduce
intraoperative hemorrhage. In case 2, we applied tape
to the bilateral arteria communis because of the mass,
and in the other two cases, we applied tape over the
aortic bifurcation.

In these 3 cases, the tapes were be left loose
throughout the operation, and in the presence of pos-
sible bleeding, they were tightened without knotting.
We had dissected bilateral ureters in the retroperitoneal
space and lateralized. After the arteria uterinae were
ligated at the cervico isthmic junction, the anterior and
posterior fornix were balloted with the touch of the 3rd
person, who was take place between the legs; and the
vagina was entered in the relevant region by palpating
the fingers on the abdominal vaginal touch and guid-
ing to find the right cleavage.

DISCUSSION

Our aim to share this study is, with the approach we
will describe, to reduce the need for postoperative
blood transfusion related to intraoperative hemor-
rhage, and to minimize adjacent organ damage in the
anatomically overturned pelvic area by the traction
method we will explain. We did not encounter any un-
usual intraoperative bleeding in 3 cases performed
with this method, blood transfusion was not required
in 2 of our patients, and no adjacent organ damage was
reported.

In a literature review in which studies on all cer-
vical fibroids were examined, the rate of complication
development was reported as 5.6% [5]. It is inevitable
that this rate stated in this review, which is reported
independently of myoma size, will increase as the size
of myoma increases. Since the surgical technique will
be difficult in cervical fibroids larger than 4 cm, the
approach we present in neglected giant fibroids can
reduce the risk of surgical complications and prevent
the risk of accompanying mortality. In our clinic, we
prepare the patient in the dorsal lithotomy position for
giant cervical myoma surgery, and we also stain the
vaginal and vulvar areas during routine povidone io-
dide staining. We always start the operation with a me-
dian incision below and above the umbilicus, and we
always keep an extra person ready in the operation
area in case there is a need for vaginal manipulation.
Before proceeding to the surgical steps before entering
the abdomen, suspending the aorta abdominalis ap-
proximately 1 cm above the aortic bifurcation if pos-
sible, and if not possible, suspending the arteria illiaca
communis with vascular tapes is the most appropriate
precaution that can be taken to prevent possible vas-
cular complications and to reduce intraoperative hem-
orrhage (Fig. 5). The tapes should be left loose
throughout the operation, and in the presence of pos-
sible bleeding, they are tightened without knotting and
fixed with instruments (Fig. 6). In an animal experi-
ment, it was reported that after 1 hour of the abdomi-
nal aorta tourniquet method in pigs (swine), all
functions returned and no ischemic damage occurred
[6]. We suggest that the tapes can be loosened for 1-2
minutes in order to avoid ischemic damage in patients
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Fig. 6. Intraoperative image of cervical myoma measuring approximately 33 x 17 cm.
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who need vascular sling for periods longer than 30
minutes.

Uterine manipulators conventionally placed be-
fore surgery may be preferred to facilitate the abdom-
inal approach; however, it may not be possible to use
in the presence of masses where the cervix has been
erased and the cervix is bulging towards the vagina.
After the arteria uterinae are ligated at the cervico-isth-
mic junction, the anterior and posterior fornix are bal-
loted with the touch of the 3rd person, who will take
place between the legs; and the vagina is entered in
the relevant region by palpating the fingers on the ab-
dominal vaginal touch and guiding to find the right
cleavage. If the fingers cannot be reached, as the
sacrouterine ligaments are cut and ligated in classical
hysterectomy; after the uterine arteries are ligated, the
tissues from the appropriate area are continued to be
dissected until they reach the fingers in the vagina.
This surgical approach which seems to be simple, can
be life-saving when it is considered, as the risk of com-
plications will increase if it is not considered. We
called all 3 patients, whom we operated with the
method we described, for control 3 times in the Ist
year following the operation, and no complications
were observed in the post-operative follow-up. The
largest reported cervical myomas that we could reach
in the literature is the case series published by Tian
and Hu [7], which includes 3 cases with a diameter
greater than 20 cm. Cervical myoma measuring 20 X
10 cm, which was also published by Wong et al., was
one of the largest cervical myomas we could reach [8].
Therefore, with this article, we describe a surgical ap-
proach, but also present the neglected cervical fibroids
larger than the cervical fibroids in the literature. In the
three cases we presented, no malignancy was observed
in the pathology report.

Preoperative GnRH agonist, intraoperative vaso-
pressin injection and uterine artery ligation are other
methods that can be used to reduce the risk of intra-
operative hemorrhage, especially in patients who will
undergo myomectomy [9]. As the size of the fibroid
increases, it is fed from the surrounding vessels due to
increased neovascularization, which may render uter-
ine artery ligation dysfunctional or insufficient in such
neglected giant fibroids.

In addition to surgical treatment, radiological tech-
niques are among the alternative treatment options. It
seems to be an option that can be preferred especially

in patients who do not want hysterectomy or who want
to preserve their fertility. However, a 6-10% failure
rate for uterine artery embolization has been reported
[10, 11]. In another study, 89% of the patients had
post-procedure pain, which they described as severe
[12]. In a study published by Kim et al. [13], the rate
of complete necrosis was reported as only 20%, and
the probable cause of this was stated as difficulty in
catheterization, feeding of myoma from collaterals
coming from the ovarian artery, and the presence of
concomitant adenomyosis. Balloon occlusion of the
abdominal aorta, which is applied before cesarean sec-
tions with a high risk of bleeding, is another alternative
to surgery that can be preferred [14]. However, we
think that studies on this subject are needed due to
risks such as vascular injury, pseudoaneurysm, aortic
dissection or rupture, ischemic nerve damage that in-
crease mortality and morbidity [15].

CONCLUSION

For all these reasons and due to the impossibility of
applicability of these alternative methods in neglected
giant fibroids, we suggest the surgical approach we
have described as an alternative method. We think that
more studies are needed to standardize the treatment
of all cervical myomas and to develop systematic al-
gorithms.

Ethical Approval

These Case Series were approved by Istanbul Prof.
Dr. Cemil Tascioglu City Hospital Clinical Research
Ethics Committee (Date:20/06/2022, Decision
n0:206).

Informed Consent

Written informed consent was obtained from the
patients for publication of these case series and any
accompanying images or data.

Authors’ Contribution

Study Conception: CNE, EAy, HAS, OA; Study
Design: CNE, MK, HAS, EAk, OA; Supervision:
HAS, EAk, OA; Funding: CNE, EAy, MK; Materials:
CNE, MK, OA; Data Collection and/or Processing:
CNE, EAy, EAk, OA; Statistical Analysis and/or Data
Interpretation: CNE, MK, HAS, OA; Literature Re-

616

The European Research Journal « Volume 9 «Issue 3 «May 2023



Eur Res J 2023;9(3):611-617

Emeklioglu et al

view: CNE, EAy, EAk; Manuscript Preparation: CNE,
HAS, OA and Critical Review: CNE, OA.

Conflict of interest
The authors disclosed no conflict of interest during
the preparation or publication of this manuscript.

Financing
The authors disclosed that they did not receive any
grant during conduction or writing of this study.

REFERENCES

1. Stewart EA, Cookson CL, Gandolfo RA, Schulze-Rath R. Epi-
demiology of uterine fibroids: a systematic review. BJOG
2017;124:1501-12.

2. Patel P, Banker M, Munshi S, Bhalla A. Handling cervical my-
omas. J Gynecol Endosc Surg 2011;2:30-2.

3. Munro MG, Critchley HO, Broder MS, Fraser IS; FIGO Work-
ing Group on Menstrual Disorders. FIGO classification system
(PALM-COEIN) for causes of abnormal uterine bleeding in non-
gravid women of reproductive age. Int J Gynaecol Obstetrics
2011;113:3-13.

4. Ferrari F, Forte S, Valenti G, Ardighieri L, Barra F, Esposito
V, et al. Current treatment options for cervical leiomyomas: a sys-
tematic review of literature. Medicina (Kaunas) 2021;57:92.

5. Ferrari F, Gubbala K, Campanile RG, Tozzi R. Latest devel-
opments and techniques in gynaecological oncology surgery.
Curr Opin Obstet Gynecol 2015;27:291-6.

6. Kheirabadi BS, Terrazas IB, Miranda N, Voelker AN, Klemcke

HG, Brown AW, et al. Long-term consequences of abdominal
aortic and junctional tourniquet for hemorrhage control. J Surg
Res 2018;231:99-108.

7. Tian J, Hu W. Cervical leiomyomas in pregnancy: report of 17
cases. Aust N Z J Obstet Gynaecol 2012;52:258-61.

8. Wong J, Tan GHC, Nadarajah R, Teo M. Novel management
of a giant cervical myoma in a premenopausal patient. BMJ Case
Rep 2017;2017:bcr2017221408.

9. Liu WM, Wang PH, Chou CS, Tang WL, Wang IT, Tzeng CR.
Efficacy of combined laparoscopic uterine artery occlusion and
myomectomy via minilaparotomy in the treatment of recurrent
uterine myomas. Fertil Steril 2007;87:356-61.

10. Walker W1J, Pelage JP. Uterine artery embolisation for symp-
tomatic fibroids: clinical results in 400 women with imaging fol-
low up. BJOG 2002;109:1262-72.

11. Ambekar A, Vogelzang RL. Aberrant uterine artery as a cause
of uterine artery embolization treatment failure. Int J Gynaecol
Obstet 2001;74:59-60.

12. Pelage JP, Jacob D, Fazel A, Namur J, Laurent A, Rymer R,
et al. Midterm results of uterine artery embolization for sympto-
matic adenomyosis: initial experience. Radiology 2005;234:948-
53.

13. Kim MD, Lee M, Jung DC, Park SI, Lee MS, Won JY, et al.
Limited efficacy of uterine artery embolization for cervical
leiomyomas. J Vasc Interv Radiol 2012;23:236-40.

14. Zhu B, Yang K, Cai L. Discussion on the timing of balloon
occlusion of the abdominal aorta during a caesarean section in
patients with pernicious placenta previa complicated with pla-
centa accreta. BioMed Res Int 2017;2017:8604849.

15. Bishop S, Butler K, Monaghan S, Chan K, Murphy G,
Edozien L. Multiple complications following the use of prophy-
lactic internal iliac artery balloon catheterisation in a patient with
placenta percreta. Int J Obstet Anesth 2011;20:70-3.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.
B ND

Y NC

The European Research Journal « Volume 9 ¢ Issue 3 « May 2023

617


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	00 cover and front pages
	01 Can tolvaptan ID 1058030
	02 Comparing the closure ID 1091092
	03 Are body mass index ID 1120577
	04 GSTM1, GSTP1, p53 ID 1112116
	05 Determination of anti-HCV ID 945588
	06 Is primary ID 994103
	07 Importance of paravertebral ID 997335
	08 Percutaneous nephrostomy ID 959652
	09 Expression and prognostic ID 1108404
	10 Evaluation of hematopoietic ID 1149697
	11 Information, attitudes ID 1223949
	12 Immunohistochemical ID 1121110
	13 Investigation of general surgery ID 1126832
	14 Evaluation of the uric  ID 1214186
	15 Protective effects ID 1181742
	16 Evaluation of organ ID 1225842
	17 Evaluation of novel  ID 1128668
	18 The mechanism ID 1245845
	19 Primary bone diffuse ID 1153678
	20 Ovarian malignant ID 1100943
	21 Surgical approach ID 1167105

