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ABSTRACT

Objectives: BCG vaccine is the only virtual vaccine that has significantly helped control tuberculosis for 80
years. Bacteria naturally release extracellular vesicles (EVs) in different environments during the growth
process. The use of extracellular vesicles is an alternative way to transfer ligands that are detected by host
cells. Vesicles range in size from 50 nm to 250 nm in diameter and contain phospholipids, proteins, and
lipopolysaccharides, and can carry additional factors such as toxins, adhesive, or immune system compounds
that are important in pathogens. Therefore, this study aimed to evaluate these compounds as adjuvants or
candidates for the bovine tuberculosis vaccine.

Methods: In the present study, Mycobacterium bovis standard CRBIP7.121 was used. Extraction of membrane
vesicles after mass culture was performed by a method based on ultracentrifugation and deoxycholate. After
preparation and staining, the vesicles were examined by electron microscopy. Sample analysis was also
performed by SDS-PAGE. The presence of LPS in the sample was measured by the LAL test. In addition, the
harmlessness of bacterial EVs and the absence of any toxic agents in the sample were confirmed by pyrogenic
tests in rabbits.

Results: The protein content of membrane vesicles is equal to 1.25 and 1.32 mg/ml. In SDS-page evaluation,
bands of 35, 40, 50, and 70 kDa were observed and then membrane vesicles were observed and confirmed by
electron microscopy. The amount of vesicle toxin contained by the LAL test was reported in the permissible
range.

Conclusions: Discussion of the data obtained from the above research shows that at different stages of the
purification process, EVs fully retained their spatial and natural form and lacked impurities. Therefore, due to
the importance of external vesicles in developing immune responses, EVs extracted from M. bovis CRBIP7.121
can be considered a useful and effective immunogen against Mycobacterium infections.

Keywords: Extracellular vesicles, Mycobacterium bovis CRBIP7.121, adjuvant and vaccine
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Mycobacterium bovis extracellular vesicles as adjuvant and candidates for bovine tuberculosis vaccine

ovine tuberculosis is important in terms of public

health in human societies. The ease and frequency
of the spread of the causative agent of tuberculosis
from animals to humans, especially in environments
where bovine tuberculosis is not controlled, can make
this disease an important common disease (Zoonosis).
Tuberculosis infection in humans is caused by drink-
ing contaminated milk in children, although transmis-
sion of the infection can also be by respiratory [1-3].
Bovine tuberculosis is caused by Mycobacterium
bovis and is one of the most common diseases between
humans and animals around the world. This bacillus
infects domestic animals and wild mammals and
makes them a reservoir for the disease, which makes
it difficult to control the disease [4]. Vaccination is the
best way to prevent the consequences of infectious dis-
eases in humans and animals [5]. Common vaccines
mainly include attenuated live pathogens and subunit
vaccines such as inactivated bacterial toxins. Adjutants
are chemical or biological compounds that cause non-
specific stimulation of the immune system against the
antigens with which it is injected [5, 6]. M. bovis Cal-
mett-Guerin (BCG) is the only virtual vaccine that has
been instrumental in controlling tuberculosis for more
than 80 years. The vaccine can provide about 80% im-
munity against Mycobacterium and Miliary TB in in-
fants and young children, however, the protective
effects of BCG against lung disease vary at different
ages [7]. Bacteria naturally release extracellular vesi-
cles (EVs) in different environments at different stages
of growth. Vesicles range in size from 50 nm to 250
nm in diameter and contain phospholipids, proteins,
and lipopolysaccharides (periplasmic compounds) and
can carry additional factors such as toxins, adhesive,
or immune stimulants that are important in patency
[8]. EVs production has been recorded in various path-
ogenic and non-pathogenic species of Mycobacterium,
indicating that the release of EVs is a conserved fea-
ture among Mycobacterium species. Proteomic analy-
sis has shown extensively that only EVs from
pathogenic species have the TLR2 agonist lipoprotein
and have played an important role in stimulating the
immune system [9]. The aim of this study was to pu-
rify the external vesicles of M. bovis to perform im-
munological evaluations of extractive vesicles.

METHODS

Bacterial Strain Culture

The standard culture of M. bovis was cultured in Lun-
stein-Johnson (LJ) medium with McFarland 1 turbid-
ity for 3-4 weeks at 37°C to confirm Zill Nelson
staining and microscopic observation and biochemical
tests such as nitrate reduction, niacin and Catalase was
used.

OMYV Eextraction

Extraction of outer membrane vesicles was per-
formed based on ultracentrifugation using solutions
containing deoxycholate and sucrose gradient. In sum-
mary, after preparing a thick mass from the inactive
Mpycobacterium bovis cell body and preparing the cell
mass with solutions containing Tris, EDTA, and de-
oxycholate, successive centrifuges were performed at
high speed and finally, the precipitate obtained was
dissolved in 3% sucrose. The resulting solution was
sterilized using 0.2 filters.

Nanodrop

The standard concentration of the proteins of the
extracted vesicles was measured using a nanodrape.
The basis of this device is spectrophotometry.

SDS-PAGE

To determine the protein pattern in OMV and es-
timate their molecular weight at 30 pl of the purified
sample was electrophoresed on a 12% gel and a pro-
tein marker was used to determine the protein weight

(Fig. 1).

Electron Microscopy

Membrane vesicles were ultrasonically treated to
disperse the vesicles followed by attaching to Form-
var/carbon-coated nickel grids. Grids were washed
with a 0.01 M PBS supplement, 0.1% gelatine (PBQG),
and 0.5% BSA. The vesicles on the grids were fixed
with 1% glutaraldehyde in PBS at 4°C for 60 minutes
and negatively stained with 1% potassium phospho-
tungstate pH 7.5. The grids were examined using a
Zeiss EM10C transmission electron microscopy oper-
ated at 80 K'V.
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LAL Test

To measure the amount of LPS in the sample,
Thermo Scientific Pierce LAL Chromogenic Endo-
toxin Quantitation Kit was used according to the man-
ufacturer's protocol.

Pyrogen Test

The extracted external vesicles were tested on four
healthy albino New Zealand rabbits. At the beginning
of the study, the animal weight was limited between
1.8 and 3.8. Three rabbits were used for testing and
one for control. The OMYV was injected into rabbit pe-
ripheral ear veins at a dose proportional to the rabbit
weights. The animals' rectal temperature was meas-
ured using a digital thermometer. If the rabbit did not
showed a temperature rise of 0.6 C or greater or the
sum of the three single temperature increases not ex-
ceeds of 1.4-C, the test material has no toxicity.

Evaluation of the Level of total IgG Antibody
against OMYV in Mice Immunized by ELISA
After blood sampling and serum collection, the
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length.

RESULTS

Results of Electrophoresis of Membrane Vesicles
Electrophoretic motion analysis of proteins in the ex-
tracted vesicles of M. bovis showed protein bands in
the 25, 40, and 50 kDa regions according to the mark-
ers.

Measurement of Protein using Laurie Test

Lowry method was used to estimate the concen-
tration and quality of extracted membrane vesicles.
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Fig. 1. Protein pattern of outer membrane vesicles by SDS_PAGE method
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content of membrane vesicles was 1.32 mg/ml, which
is an acceptable amount.

Electron Microscopy

The stability of the natural form of membrane
vesicles at different stages of the purification process
was investigated by electron microscopy. The spatial
properties of the extracted membrane vesicles in neg-
ative contrast staining with the EM 900 electron mi-
croscope are shown below. As can be seen in the Fig.
2, the extracted vesicle is about 50-50 nm and retains
its spatial properties at various stages of extraction and
purification.

Determination of Endotoxin Levels in Membrane Vesi-
cles by Chromogenic Limulus Amebocyte Lysate
(LAL)

Results in this semi-quantitative test showed that
the extracted vesicles were allowed to be used in the
animal model within the safe limit (less than 300 IU).

Pyrogenic Test

After the test, no significant increase in tempera-
ture was observed in rabbits, indicating a lack of py-
rogenicity.

DISCUSSION

The BCG vaccine was first introduced in 1921. This
vaccine is by far the most widely used vaccine in the
world. The current BCG vaccine, based on live atten-
uated bacteria from the Mycobacterium bovis strain
that has been passed sequentially, is available and is
used to protect infants and children against tubercu-

loses. However, this vaccine provides unreliable pro-
tection against pulmonary tuberculosis in the adult
population. This vaccine is known to be the only ef-
fective live vaccine so that the killed BCG vaccine
cannot provide protection in the animal sample. Also,
Mycobacterium tuberculosis killed in humans pro-
vides poor protection and instability, and the level of
immunity produced by the BCG vaccine varies from
0 to 80% [8, 9]. The BCG vaccine is largely safe, but
in some cases has side effects such as abscesses at the
injection site and local lesions such as osteoporosis
[10, 11]. Another challenge in the development of
bovine tuberculosis vaccines is the lack of knowledge
of dominant immunogenic antigens. It has been sug-
gested that the BCG vaccine used does not adequately
express immunogenic antigens, and therefore mutant
strains containing antigenic proteins are suggested for
the development of improved BCG vaccines [12]. Re-
cent studies have shown that infants with HIV are rou-
tinely vaccinated with the BCG vaccine at birth. Such
infants and asymptomatic individuals, as well as those
who have developed symptoms of AIDS, are at risk
for developing BS [13]. The existence of such prob-
lems indicates the need to change the BCG vaccina-
tion strategy and produce a new generation of vaccines
with lower risk and greater safety against subsequent
consequences. Therefore, it seems that designing and
introducing a new vaccine candidate can be consid-
ered a necessity. Various species to improve the BCG
vaccine or to produce new vaccines are currently
under investigation in many clinical trials. Vaccines
currently on the production line are mainly based on
protein subunits with adjuvants or viral vectors and
some inactive bacteria from Mycobacterium strains
[14]. A study of M. tuberculosis vesicles has shown

Fig. 2. Electron micrograph of outer membrane vesicles
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that these vesicles contain TLR2 agonist lipoproteins
so that macrophages infected with these vesicles are
able to produce T2-dependent chemokines and T-de-
pendent cytokines. It has also been shown that inject-
ing extracellular vesicles into the lungs can stimulate
an inflammatory response against them. The present
study investigates the production of extracellular vesi-
cles by the standard Mycobacterium bovis strain. In
this study, the pattern of proteins extracted from this
strain was protein bands in the 25, 40, and 50 kDa re-
gions. Also, the extracted vesicle was 200-50 nm in
size, and in terms of vesicle consistency, it maintained
its spatial properties in different stages of extraction
and purification. To study the function and structure
of Mycobacterium bovis extracellular vesicles, no
study has been done so far and all hypotheses are
based on M. tuberculosis extracellular vesicles. The
vesicles of this bacterium contain various compounds
from the bacterial cell wall such as lipoarabinomannan
and TLR2-stimulating lipoproteins, etc. In this bac-
terium, the VirR gene is responsible for the production
of these vesicles, which play a very important role in
controlling the stimulation of the immune system.
Bacillus vesicles are also produced in large quantities
under iron deficiency, which indicates the important
role of these vesicles in iron deficiency conditions
[15]. Due to its clinical use, meningococcal OMV vac-
cines, which have been used since 1980 and are an im-
portant tool in combating the spread of Neisseria
meningitidis serogroup B, are one of the targets of
vesicle extraction to produce vaccines. In fact, as of
2010, OMV was the only commercially approved vac-
cine against N. meningitidis reported [16]. According
to these studies, it may be possible to evaluate the
compounds in M. bovis vesicles and use them as alter-
native vaccine candidates. In addition to the vaccine
role, the adjuvant role of these compounds is also con-
sidered. The goal of vaccination is to create a strong
immune response to provide long-term protection
against infection, and to achieve this goal, unlike at-
tenuated live vaccines, the whole organism is usually
killed or subunit vaccines need to add an adjuvant to
be effective. [17]. Mycobacterium extracts have been
widely used in vaccines as adjuvants. Among these
cases is the complete adjuvant of Freund, which con-
tains components of Mycobacterium. Mycobacterium
cell wall contains a variety of antigens, including pep-
tidoglycans, arabinoglycans, mycolic acids, proteins,

phosphatidyl inositol, lipomannas, and arabinomans.
These components stimulate dendritic cells via man-
nose and NOD2 receptors [18, 19]. In a study by Lee
et al. [20], they showed that Mycobacterium vesicles
contained cell wall compounds such as lipoproteins X,
A, and G, and other compounds that appear to stimu-
late immune cells. Therefore, these compounds may
be used as adjuvant [20]. Therefore, the vesicle ex-
tracted from M. bovis due to its preservation nature
can be considered as a candidate for possible use for
vaccines and adjuvant, which requires further research
in this field.

Limitations

Further research of the Molecular pathobiology
and immunological properties would lead to the de-
velopment of better and safer vaccines.

CONCLUSION

The results indicate that these structures may be suit-
able candidates for vaccination and be considered as
a new generation of vaccines against M. bovis infec-
tions, although further studies in this field are needed
to evaluate antibody subclasses and responses.
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ABSTRACT

Objectives: The aim of this study was to evaluate the necessity of staple use and the importance of screw
diameter in the anterior cruciate ligament (ACL) reconstruction.

Methods: Twenty-eight sheep hind legs were divided into four groups in terms of tibial side fixation type as
7 mm bioabsorbable screw (Group 1), 7 mm bioabsorbable screw and staple (Group 2), 8 mm screw (Group
3), and 8 mm screw and staple (Group 4). The maximum force causing insufficiency in the graft, and the
fixation strength between the groups were recorded. The results were compared among the groups.

Results: As a result of the statistical analysis regarding the necessity of using staple, group 2, with 7 mm
screws and staple, was found to be significantly more resistant than group 1 (p =0.018). In consequence of the
biostatistics study, staple use was found not to create a statistically significant difference between group 3 in
which an 8 mm bioabsorbable screw was used and group 4 (p = 0.805). In the statistical study to understand
the significance of screw diameter, the samples of group 1 and group 3, in which no staple was used, were
compared. It was found that group 3 samples with 8§ mm screws had higher strength than those with 7 mm
screws (p = 0.011). Between group 2 and group 4 in which a staple was used, despite the increase in screw
diameter, the value of maximum strength had no remarkable difference statistically (p = 1.00).

Conclusions: Fixation strength is higher when fixation was done with a screw 1 mm larger than tibial tunnel
diameter. However, using either a screw with 1 mm wider than tibial tunnel diameter and the screw in the same
diameter with the tibial tunnel and additional staple have similar fixation strength on the tibial side. Therefore,
we conclude that screw width is more important in maintaining stability of the graft fixation.

Keywords: ACL reconstruction, biomechanics, tibial fixation, bioabsorbable screw, staple

Anterior cruciate ligament (ACL) is the most fre- ACL reconstruction, the tibial side is the weakest point
quently injured ligament in the knee, especially of the reconstruction [1-4]. There are two main reasons
during sportive activities. Arthroscopic ACL is usually for that. Firstly, bone density of the proximal tibia is
performed in patients who are at young ages. During lower than the distal femur and secondly, force direc-
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tion on the graft is parallel to the tibial tunnel [5]. It
has been shown by many studies that graft fixation,
especially on the tibial side, is the key point for the
graft to remain stable in the early physical therapy pro-
gram [4, 6]. Therefore, tibial fixation must be strong
enough to withstand an early effective rehabilitation
program. A significant number of studies have shown
that long screws with large diameter provide stronger
fixation [6-9]. However, the larger screws may cause
damage in the autograft [10].

On the other hand, fixation of graft on the tibial
side with a staple in addition to bioabsorbable screw
is a frequently used method to prevent failure as much
as possible. In addition to the staple, post screw or
washer screw can be used for fixation. Nevertheless,
the use of additional fixation material has complica-
tions such as the subcutaneous sensation of the implant
and pain. Therefore, a second surgical intervention
may be required [11]. The advantage of fixation with
staple among them is that it remains almost at the same
level as the bone after insertion. Therefore, the staple
is usually preferred due to the possibility of the patient
to feel the implant is greatly reduced.

There are many publications advocating that
bioabsorbable screws and staple should be used, and
many others are defending and opposing the idea that
fixation should be done with screw 1 mm wider than
the tunnel width. However, currently there is no con-
sensus regarding optimal tibial fixation in ACL recon-
struction. In the present study, by testing two variables
(staple usage and screw diameter) together, we in-
tended to examine the relationship between them and
the importance of each in the tibial fixation of ACL
autograft. We aimed to evaluate the necessity of staple
as an additional fixation method and the importance
of screw diameter in the anterior cruciate ligament
(ACL) reconstruction. We hypothesized that additional
staple fixation increases the stability of graft when a
screw of the same diameter was used.

METHODS

In the study, two years old on average, showing no ad-
ditional pathology and slaughtered not more than 24
hours before the test, 28 sheep hind legs were used.

In this biomechanical study, the tests were carried out
in the Strength and Biomechanics Laboratory of the

Mechanical Engineering Faculty of Istanbul Technical
University. MTS 858 Mini Bionix 2 test machine
(MTS System Corporation 14000 Technology Drive
Eden Prairie, MN USA, 55344) was used for study.
The study was conducted according to the Decleration
of Helsinki. Ethical approval was obtained from the
institutional review board (771/08/2018). The ideal of
the study is to do it in a young human cadaver. How-
ever, sheep bone was preferred because of its easy ac-
cessibility, its weight close to human weight and its
long bones that can be implanted. Taken on the morn-
ing of the experiment from an abattoir where animals
are slaughtered daily, sheep hind legs cut in the last 24
hours were dissected (Fig. 1). Soft tissues were re-
moved. The tibia and femur were separated. The tibia
was cut 12 cm distal to the knee joint level (Fig. 2). In

Fig. 1. Sheep tibia before fleksor digitorum tendon is re-
moved.
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Fig. 2. Sheep tibia after flexor tendon graft is removed and
cut below the knee joint level.

a previous study, the digitorum tendon was found to
be an appropriate graft for ACL recontruction [12].
The flexor digitorum tendon was taken from the same
leg of the same sheep as a graft (Fig. 3).

The grafts folded in half and were prepared to be
7 mm wide. With an average of 4 cm, the tunnel was
drilled with a 7 mm drill in the tibial joint in such a

way that it would come out of ACL stump. The graft
was passed through the tibial tunnel with 20mm 'Con-
tinuous-Loop' (CL) (Arthtrex®) and was inserted
through the device to be tested via CL to prevent weak
region formation in the graft (Fig. 4).

The samples were divided into four separate groups.
In Group 1, only 7 mm wide bioabsorbable screws (
Tulpar biointerference screws®) were used for tibial
fixation. In Group 2, the graft was fixed to the tibial
side with a 7 mm wide bioabsorbable screw and staple
(Tulpar ligament staple®). While 8 mm wide bioab-
sorbable screws were used in Group 3, 8 mm wide
bioabsorbable screws and staple were used in Group
4.

To increase the involvement of the apparatus to
which the tibia is fixed distally, two cross-K wires
were sent and fixed to the apparatus to be tested with
synthetic paste. CL was placed on the device with the
help of a proximal steel hanger (MTS 858 Mini Bionix
2). The force was applied to compare fixation methods
in the same direction as the tibial tunnel, the most chal-
lenging situation possible [13]. Thus, it was aimed to
prevent the tension due to the angulation between the
graft and the articular surface. Firstly, with a frequency
of 2 Hz, and a maximum of 50 N, 100 cycle force was
applied to the samples with force control, and then the

Fig. 3. (A) Hind legs flexor digitorum tendon of a 2-year old sheep, (B) Flexor digitorum tendon, which was used as a graft,

after dissection.
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Fig. 4. (A) A 8 mm screw and staple used in the sample after cut which is located 12 cm distal to the knee joint level, (B) The

study setup with MTS 858 Mini Bionix 2 tester.

system was discharged up to 10 N. Following this
stage, the load-to-failure test was started. After this
stage, the load-to-failure test was started by switching
the force-controlled protocol to displacement-con-
trolled protocol and traction was applied at a speed of
20 mm/min until the failure occurred. Force displace-
ment values were recorded with MTS Axial Load cell
(10000 N / 100Nm). Throughout the test, the values
of motion (displacement), strength (stiffness), and ul-
timate failure load were recorded.

Statistical Analysis

All analyses were performed using SPSS version
22.0 software. Quantitative data were expressed as the
mean + standard deviation (SD). The values of motion
(displacement), strength (stiffness), and ultimate fail-
ure load displayed nonparametric distribution accord-
ing to the Kolmogorov-Smirnov test. Mann-Whitney
U test was used to assess the between the groups.

RESULTS

In all samples used in the study, it was observed that
the grafts were damaged at the screw bone junction on
the tibial side, the weakest place in ACL reconstruc-
tion surgery [5]. Two samples damaged from the mid-
dle of the graft were excluded from the study.

Moreover, one sample that ruptured from the appara-
tus to which it was fixed for the study and one sample
broken due to device error during the study were also
excluded.

As a result of the statistical analysis, in terms of
the necessity of using a staple, there was a significant
difference between Group 1 and Group 2 - the former
was fixated using a 7 mm screw and the latter with a
7 mm screw and staple — and Group 2 was observed
to resist to an average of 398.8N (Table 1). This value
was found to be significant compared to the Group 1
samples that could resist to an average of 262.3 N.
Group 2 was recorded to be able to resist higher
strength than Group 1 (p = 0.018). When we compared
the values of Group 3 and Group 4, it was seen that
additional staple use did not make a statistically sig-
nificant difference between the two groups (Table 1)
(p = 0.805).

When the data were analysed in terms of screw di-
ameter, the results of Groups 1 and 3 were compared,
in which no additional staple was used. It was statisti-
cally determined that the group samples using 8§ mm
screws had a significantly higher strength with an av-
erage of 398 N compared to the average force to which
the 7 mm screw could resist (262 N) (Table 2) (p =
0.011). Between the Groups 2 and 4 in which an addi-
tional staple was used, it was observed that the value
of the maximum resistance did not have a statistically
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significant difference despite the increased screw di-
ameter (Table 2) (p = 1.00).

DISCUSSION

The main findings of this study are that the fixation
strength is higher when fixation was performed with
a screw 1 mm larger than the diameter of the tibial tun-
nel. The fixation strengths are comparable in the sam-
ples, which fixation was made with a screw 1 mm
wider than the tibial tunnel and the ones fixed with a
staple in addition to the screw in the same diameter of
the tibial tunnel.

In the study carried out by Micucci ef al., fixation
was respectively provided with 8, 9, 10 and 11 mm
screws in the 9 mm tunnel. Maximum strength was
found highest in the screw of 11 mm; however the dif-
ference was not statistically significant [6]. It has been
observed that as the screw width decreases, the maxi-
mum strength declines as well. But, when the highest
forces, which the grafts were withstanding are consid-
ered, all values were found to be higher than the force
that the graft would withstand in daily life [6]. The au-
thors also reported that graft motion was less when the
screw diameter equal to the tunnel size used [6]. In the
study of Suk et al. [9], with 8 mm, 9 mm, 10 mm, 11
mm and 12 mm screws, the grafts were fixed to the
tibial tunnels drilled with 8 mm drill. As a result of
their study, the graft strength is observed to be 20%
more in the 11 mm screw compared to the 8§ mm
screw. It also was reported that there appears no in-
crease in graft fixation strength by increasing interfer-
ence screw diameter beyond 3 mm of the tunnel
diameter [9]. On the other hand, in the study of 37 pig
femurs by Morris et al. [10], grafts were fixed to 8 mm
wide femoral tunnels with 7 mm, 9 mm and 10 mm
wide metal interference screws. As a result of thieir
study, it was seen that all the tendons fixed with 9 mm
wide screws were damaged at the entrance of the
femoral tunnel and failed. In fixations with 8§ mm
screw, it also was determined that there was a risk of
58% graft slippage, 38% graft cut out. According to
this study, it was stated that fixation with the same
width as the tunnel width or 1 mm smaller screw
would be appropriate [10]. Our findings are compara-
ble with Micucci et al.’s [6] and Suk et al.’s [9] stud-
ies. We found that a screw 1 mm wider than the tunnel

diameter provides sufficient fixation without the need
for staple use.

In the study conducted by Kurosaka et al. [14], tib-
ial fixation with only interference screw and that with
only a staple were compared and it was concluded that
fixation with an only bioabsorbable screw was
stronger. Gerich et al. [15], who conducted a similar
study, found that the maximum strength of the group
that was fixated with the interference screw was be-
tween 506 N and 758 N and it was only 558 N in the
patients who were provided with staple fixation. In the
light of these studies, it was concluded that the inter-
ference screw alone could withstand the maximum
force that the graft will be exposed to in early physical
therapy [14, 15]. In the present study, unlike the
Gerich et al.’s [15] study, the specimens using both
bioabsorbable screw and staples in addition to the
screw were investigated at the same time. We found
that when a screw of the same diameter as the tunnel
was used, usage of an additional staple increases the
strength of fixation.

In the animal model, Bauer ef al. [16] did not
show significant differences in the samples using in-
terference screw and staple compared with fixation
made with an interference screw alone. It might be de-
pending on the samples used, because the swine knee,
which used in Bauer ef al.’s [16], has a stronger can-
cellous bone compared to the lamb, which is used in
the present study. In their study on the knees of 15
pigs, Lee ef al. [2] examined the difference among
using bioabsorbable screws only, bioabsorbable
screws with staple use and bioabsorbable screws with
Push-lock screws. As a result of the study, they found
that additional fixation implants such as staple and
screw did not contribute to the structural durability and
stiffness of the graft considerably in cyclic loads [2].
However, when they continued the test and the forces
that would cause damage to the graft were measured,
the samples using additional fixation materials were
found to withstand higher forces and as a result of the
study. They stated that the use of additional fixation
material might be significant in patients with poor
bone quality, revision cases, elderly ones and those
with metabolic diseases that will affect the bone qual-
ity [2]. In the study performed by Hill et al. [17], fe-
male patients who underwent ACL reconstruction with
hamstring graft were observed by dividing them into
two groups as metal interference screw and metal in-
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terference screw and staple used in tibial fixation. In
the study, they found that there was a remarkable dif-
ference between the two groups with the Lachman test
and KT 2000 arthrometer (MEDmetric, San Diego,
CA) in 2 years follow up time [17]. However, when
this difference was evaluated with Lysholm score and
IKDC (International Knee Documentation Committee
assessment), no clinically meaningful difference was
found. The authors suggested that staple use is suitable
for patients with soft bone in whom the bioabsorbable
screw cannot provide sufficient fixation. Also, in this
study, they found an increased anterior knee pain due
to staple use [17]. In their study on sheep knee, Fabri-
ciani et al. [1] compared the metal interference screw
used with bone block, absorbable interference screw
and staple, metallic screw and washer screw. As a re-
sult of the comparison, bioabsorbable screw and staple
duo were found as the fixation method that could resist
the average highest force. Our findings support these
findings [1, 17]. Our results showed that bioabsorbable
screw with supplementary fixation with a staple, im-
prove the structural strength for the ultimate tensile
load on the tibial side.

In the study performed by Prado ef al. [18] on the
pig knee, fixation with bioabsorbable screw in addi-
tion to staple and that with only bioabsorbable screw
were compared and no significant difference was
found. In the study conducted by Teo ef al. [19], 31
patients between the ages of 18 and 35 who only used
bioabsorbable interference screws and 33 patients who
used bioabsorbable interference screws and staple
were compared. In the comparison made with the
physical examination, arthrometer, IKDC form and
Lysholm form 1 year after surgery, no significant dif-
ference was found between two groups [20]. The com-
mon findings in latter two studies [18, 19], in which
they were not able to show any differences in terms of
fixation strength on the tibial side, fixation was made
with a screw larger than the tibial tunnel. It is well
known that wider screw provides better fixation, how-
ever, in relation with the insertion angle of the screw
used to fix the graft and the patient's bone quality, the
graft is quite often damaged at the screw-tendon-bone
junction and this is more likely with oversized screw
[1, 8]. Therefore, we also tested the specimens fixed
with a screw in the same diameter as the tibial tunnel.
In our study, we found that when graft fixation was
provided with 7mm bioabsorbable screw in the tunnel

drilled with 7 mm, staple use increased durability.
Therefore, we speculate that the use of a staple in ad-
dition to the screw, will increase the reliability of fix-
ation especially in patients with soft bone and fixed
with a bioabsorbable screw in the same diameter with
the tibial tunnel.

All-inside technique is a safe alternative in which
no staple is used and it is gaining popularity in the cur-
rent practice [20, 21]. We agree with the need for ad-
ditional fixation particularly in female patients with
low bone density [2, 17].

Limitations

One of the limitations of the study is that it was
made in the sheep knee and only the tibia was used.
Whereas the ideal of the study is to do it in the young
cadaver knee. Also, long-term results such as osteoly-
sis could not be evaluated. For this, it is necessary to
work with young cadaver and live animals. In addi-
tion, the same length bioabsorbable interference
SCrews

(28 mm) were used in this study. Therefore, the ef-
fect of the screw length could not be evaluated. How-
ever, in this study, we used fresh sheep tendons and
bones which was reported that the density of sheep
bone is closer to that of young human bone compared
to the old cadaver [22]. The animals were slaughtered
within 24 hours and were not underwent the freezing
process, which makes our study unique. The effect of
screw width and staple use in fixation was evaluated
with all possible combinations with four different
groups.

CONCLUSION

We conclude that, graft fixation with interference
screw 1 mm wider than the width of the tibial tunnel
provides sufficient stability on the tibial side of spec-
imens with adequate bone quality. As the relevance of
clinical practice; by fixation of the graft only with
screws, complications caused by staple can be elimi-
nated and the cost of surgery can be reduced. How-
ever, in case, we can’t afford the risk of injury to the
graft with a larger screw, we can use a screw of the
same diameter as the tunnel, then a staple should be
kept ready during surgery to use if required.
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ABSTRACT

Objectives: Positron Emission Tomography with Computed Tomography (PET/CT) is a valuable imaging
method for the restaging of malignant diseases as well as the evaluation of treatment outcomes. As melanoma
lesions are mostly FDG-avid, whole-body 18F-fluorodeoxyglucose (18F-FDG) PET/CT imaging modality can
be used to determine the spread of the tumor. In the present study, we intended to share our clinical experience
with FDG PET/CT in malignant melanoma patients under different kinds of treatment.

Methods: In this retrospective study, the data sets of 122 patients who had surgical resection of known primary
tumors, all of which were histopathology-proven malignant melanoma, were analyzed. All patients underwent
baseline 18F-FDG PET/CT scan no sooner than 45 days and at least once after surgery. Clinical information,
radiological imaging, histopathology, and treatment modalities were noted for all patients, and 18F-FDG
PET/CT findings were examined.

Results: All patients were histopathology-proven and 47 of them had acral lentiginous, 37 nodular, 23
amelanotic, and 15 atypical malignant melanoma. Local recurrence was detected by 18F-FDG PET/CT in 13
(10.6%; 3 male, 10 female) of the 122 patients, and the mean recurrence time after diagnosis was 3 + 1.4 years.
10 patients with brain and bone metastases underwent radiotherapy. 19 patients with lung, bone, and hepatic
metastases received chemotherapy and 22 patients immunotherapy.

Conclusions: Malignant melanoma is a type of skin cancer that may involve any organ. In localized cases,
complete surgical resection may be adequate for a cure. If diagnosed with the latter type, the whole body of
the patient must be examined.

Keywords: FDG PET/CT, malignant melanoma, postoperative recurrence, restaging

he worldwide incidence of malignant melanoma

has increased over the past decades [1]. Like
other malignancies, melanoma is well-known for local
recurrence as well as distant metastasis, which occur
through lymphatics and the bloodstream. The treat-
ment of melanoma patients has to be based on the
metastatic status of the disease.

The incidence of melanoma, the most common
type of skin cancer, is increasing faster than any other

potentially preventable cancer [1]. Most melanoma
cases are diagnosed at an early stage; some patients
have metastatic disease at presentation, and others de-
velop metastases after their first definitive treatment.
Patients with metastatic melanoma should undergo a
detailed evaluation before treatment in order to assess
the extent of the disease.

The metastases of malignant melanoma are wide-
spread compared to other tumors, and clinicians
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should be aware of different patterns of metastatic in-
volvement. Skeletal muscle or solitary bone metas-
tases are more frequently observed in patients with
advanced melanoma, as evidence of systemic spread.

The combination of metabolic and structural in-
formation provided by PET/CT has a significant im-
pact on patient management and survival prediction.
The diagnostic value of 18F-FDG PET for the follow-
up of patients with malignant melanoma has been re-
ported with a sensitivity and specificity of 96% and
92%, respectively [1, 2]. PET/CT can be used for stag-
ing and reassessment of metastatic malignant
melanoma.

METHODS

Patient Population

The present study analyzed the data sets of 122 pa-
tients who admitted to Giilhane Training and Research
Hospital Department of Nuclear Medicine between
January 2016 and January 2020. Among those pa-
tients, 57.4% (n = 70) were female, 42.6% (n = 52)
were male, and the mean age was 46.9 + 14.2 years.
They had surgical resection of known primary tumors,
all of which were histopathology-proven malignant
melanoma. All patients underwent baseline 18F-FDG
PET/CT scan no sooner than 45 days and at least once
after surgery. The study was approved by the Ethics
Committee of Giilhane Training and Research Hospi-
tal, Ankara, Turkey.

Fluorodeoxyglucose Positron Emission Tomogra-
phy/Computed Tomography Acquisition

Similar to the protocol specified in the study by
Malik et al. 18F-FDG PET/CT scan was performed on
all patients with blood glucose < 200 mg/dl after at
least 6 hours of fasting [3]. The scanning was achieved
45-60 min after the IV injection of 370 MBq (~10
mCi) of 18F-FDG using dedicated hybrid scanners
(Discovery 710 or Discovery STE-16; GE Healthcare,
Milwaukee, Wisconsin, USA). A vertex-to-toe low-
dose scout CT (120 kV, 10 mA) was acquired. Con-
trast enhancement CT followed by 3D-PET scan was
performed in caudocranial direction with an acquisi-
tion period of 2 min per bed position using the time-
of-flight technique. The reconstructed
attenuation-corrected PET, CT, and fused images were

reviewed.

The scans were retrospectively assessed by two
nuclear medicine physicians who were aware of the
clinical findings of the patients. Any positive findings
in the form of focal tracer uptake on 18F-FDG PET
were anatomically localized on contrast-enhanced CT
images. The maximum standardized uptake values
(SUVmax) for semi-quantitative assessment were ob-
tained by assigning a region of interest over the lesion
with the highest tracer uptake.

Statistical Analysis

SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA)
was used for statistical analysis. The predictive values
of 18F-FDG PET/CT in detecting recurrence and
metastasis in patients with malignant melanoma were
compared at different periods of treatment with regard
to localization of the primary tumor, age, and gender.

RESULTS

Patient Characteristics

In the present study, the scans and clinical data of 122
patients (70 female, 52 male, mean age 46.9 + 14.2
years) were analyzed retrospectively. All patients were
histopathology-proven and 47 of them had acral
lentiginous, 37 nodular, 23 amelanotic, and 15 atypical
malignant melanoma. The primary tumor was local-
ized in 42 patients (34.4%) in the lower extremity, in
17 (13.9%) in the upper extremity, in 20 (16.4%) in
the trunk, in 38 (31.1%) in the head or neck, and in 5
(4.1%) in the pelvis. Table 1 and Table 2 represent the
lesion types by localization and lesion localization by
gender.

Outcome of 18F-Fluorodeoxyglucose Positron Emis-
sion Tomography/Computed Tomography

Clinical information, radiological imaging,
histopathology, and treatment modalities were noted
for all patients, and 18F-FDG PET/CT findings were
examined. The lesions not proven by pathology were
excluded. Local recurrence was detected with 18F-
FDG PET/CT in 13 (10.6%; 3 male, 10 female) of the
122 patients, and the mean recurrence time after diag-
nosis was 3 £ 1.4 years. The mean SUVmax of recur-
rent lesions was 5.08 + 3.08 g/dl. Local recurrence
according to localization is presented in Table 3.
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Table 1. Lesion type by lesion localization

Lesion Localization

Lower Upper Back Chest  Head-neck  Pelvic Total
extremity extremity n (%) n (%) n (%) n (%) n (%)

n (%) n (%)
Acral lentiginos type 33 (27.00) 11 (9.00) 1(0.80) 1 (0.80) 1 (0.80) 0 (0.00) 47 (38.50)
Noduler type 7 (5.70) 5(4.10) 3(2.50) 5(4.10) 14(11.50)  3(2.50) 37(30.30)
Amelanocitic type 0 (0.00) 1 (0.80) 3(2.50) 1(0.80) 18(14.80) 0(0.00) 23 (18.90)
Atypic Melanositic 2 (1.60) 0 (0.00) 3(2.50) 3(2.50) 5(4.10) 2(1.60) 15(12.30)
Melanoma
Total 42 (34.40) 17(13.90) 10(8.20) 10(8.20) 38(31.10) 5(4.10) 122 (100)

The mean follow-up time of patients without re-
currence was 4 £2.4 years. Locoregional lymph nodes
were detected in 99 patients, brain metastasis was seen
in 10 (8.2%), lung metastasis in 9 (7.4%), bone metas-
tasis in 10 (8.2%), and intramuscular metastatic le-
sions in 8, all of which were histopathology-proven. 6
patients had distant metastasis to the liver, and 1 to the
parotid gland. Multiple peritoneal metastases were de-
tected in 1 patient.

PET/CT imaging identified a) focal, and b) diffuse

Table 2. Lesions’ localizations by gender

FDG uptake by the thyroid gland, which were corre-
lated with thyroiditis through ultrasound and thyroid
function tests (Fig. 1).

The mean SUVmax of metastatic lung lesions (n
=9)was 5.17 £ 3.89 g/dl, bone lesions (n = 10) 5.9 +
3.49 g/dl, and muscle lesions (n =8) 9.18 +£3.51 g/dl.
Ten patients with brain and bone metastases under-
went radiotherapy. Nineteen patients who had lung,
bone, and hepatic metastases with multiple unre-
sectable lesions given chemotherapy and 22 patients

Lesion Localization

Lower Upper Back Chest Head-neck Pelvic Total
Extremity Extremity n (%) n (%) n (%) n (%) n (%)
n (%) n (%)
Male 21 (17.20) 2 (1.60) 6 (4.90) 3 (2.50) 16 (13.10) 4 (3.30) 52 (42.60)
Female 21 (17.20) 15 (12.30) 4(3.30) 7(5.70) 22 (18.00) 1 (0.80) 70 (57.40)
Total 42 (34.40) 17 (13.90) 10 (8.20) 10 (8.20) 38 (31.10) 5(4.10) 122 (100)
Table 3. Local recurrence according to localization
Locally recurrence
Localization Yes No Total
n (%) n (%) n (%)
Lower extremity 8 (6.6) 34 (27.9) 42 (34.4)
Upper extremity 0 (0.0) 17 (13.9) 17 (13.9%)
Back 0 (0.0) 10 (8.2) 10 (8.2%)
Chest 2 (1.6) 8 (6.6) 10 (8.2%)
Head-neck 3(2.5) 35 (28.7) 38 (31.1%)
Pelvic 0(0.0) 5(4.1) 5(4.1%)
Total 13 (10.7) 109 (89.3) 122 (100%)
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Fig. 1. Malignant melanoma patients who received immunotherapy. PET/CT imaging identified (a) focal, and (b) diffuse
FDG uptake by the thyroid gland, which were correlated with thyroiditis through ultrasound and thyroid function tests.

were given immunotherapy. Parotid gland metastases
with recurrent tumor foci were surgically resected.
After resection, the patients were treated with
chemotherapy and immunotherapy protocols.

DISCUSSION

Malignant melanoma patients have follow-up exami-
nations every 3 to 6 months for at least 3 years after
surgery. Whole-body 18F-FDG PET/CT is a valuable
diagnostic imaging modality for detecting distant
metastasis from malignant melanoma [1, 2].
Differentiation between scar tissue and new or re-
current tumor after surgery is challenging. PET/CT
provides benefits in estimating tumor extent when
considering surgical resection, especially in entities
with high glucose consumption, which is often the
case in malignant melanoma [4]. FDG is not cancer-
specific as it is also trapped in tissues with high gly-
colytic activity. Due to the high rate of false-positive
findings associated with this phenomenon, additional
imaging or, if possible, pathological assessment
should be considered. In the present investigation, the
lesions were histopathology-proven. The SUVmax

cutoff value of 2.2 was used to estimate recurrence in
patients. All patients underwent surgical excision of
the primary melanoma lesions before 18F-FDG
PET/CT, and SUVmax was determined for the recur-
rent lesions. The mean SUVmax of locally recurrent
melanoma lesions was 5.08 + 3.08 g/dl. These results
pertained to histopathologically proven lesions, while
false-positive FDG PET/CT findings were excluded.
Residual metabolic tumor activity in the surgical site
could not be ruled out, since the granulation tissue
formed in wound healing leads to moderate FDG ac-
cumulation but at a lower level than in malignant
processes. We recommended reassessment for 17 pa-
tients, and 13 turned out true-positive. Correlation
with the patient's history and other imaging modalities
may be necessary for correct diagnosis.

Cancer patients have an approximately two-fold
risk of developing additional primary cancer com-
pared to cancer-free patients of the same sex and age
[5]. In our present study, second primary malignancy
was present in 5 patients. 4 were free of metastasis
from malignant melanoma, such as rectosigmoid,
breast, hard palate, and endometrial cancer. Non-small
cell lung cancer was detected in 1 patient.

Muscle metastases from malignant tumors are rare
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[6]. Solitary skeletal muscle metastases are less com-
mon than multiple skeletal muscle metastases on 18F-
FDG PET/CT imaging. Herring et al. [6]. reported on
a series of 15 patients with skeletal muscle metastasis,
of which only 2 of the primary tumors were
melanoma. Gomez Portilla et al. [7] reported a case of
isolated rectus abdominis metastasis from melanoma.
In the present investigation, 8 patients had intramus-
cular metastatic lesions; 1 was solitary, and 4 had mul-
tiple subcutaneous nodules. The mean SUVmax of
muscular metastatic lesions was 9.18 g/dl.

There is limited literature on the relationship be-

tween location of lesion and age and gender. Gillgren
et al. [8] mentioned that melanoma lesions occur more
often on the trunks of men and in the lower extremities
of women [8]. In the present study, the lower extremity
was the most common site, followed by head and
neck, and the upper extremity. Gender did not differ
significantly in the lower extremity group, but the ratio
of female to male was higher for the other regions. In
addition, lung (n =7) and bone (n = 7) metastases were
more frequent in women. Our investigation also
showed that the majority of the patients had acral
lentiginous (38.5%, n = 47) and nodular melanoma
(30.3%, n = 37), followed by amelanotic (18.9%, n =
23) and atypical (12.3%, n=15) melanoma.
Bone is a site of metastatic spread from melanoma, but
this usually occurs in patients with already-widespread
metastasis. Therefore the bone must be considered as
a site for late-onset metastasis. Brountzos et al. [9] re-
ported on a series of 28 patients with bone metastases
from melanoma, and some other clinical studies have
shown that bone metastases from malignant melanoma
are less frequent than liver or brain metastases. In our
investigation, bone metastasis was detected in 9 pa-
tients who already had lung metastasis, and 3 of these
had liver metastasis as well. All cases of bone metas-
tasis were multifocal, and 1 was solitary spinal metas-
tasis from pelvic malignant melanoma.

Since melanoma pathology features a wide variety
of clinical presentations, FDG PET/CT promises im-
proved detection of metastases and better assessment
of treatment decisions. Bastiaannet et al. [10] reported
that FDG PET/CT offered the most accurate combi-
nation in diagnosis, restaging a large proportion of pa-
tients so as to reduce the number of inappropriate
surgical procedures. In the present study, FDG
PET/CT findings showed that liver and parotid gland

lesions were resected. However, the lung lesions in our
case series were multiple and accompanied by medi-
astinal lymph nodes, compelling the clinicians to non-
surgical treatment strategies.

A combination of chemotherapy, radiotherapy, and
targeted molecular therapy may result in the most ef-
fective treatment modality for metastatic melanomas
[11, 12]. Immunotherapy is an efficient therapeutic
strategy in melanoma due to the high immunogenicity
of that type of tumor. A major feature of immunother-
apy is its success in cases with resistance to radiation
therapy and cytotoxic chemotherapy [11-13]. Twenty-
two of our patient population received immunotherapy
with immune checkpoint inhibitors (ICI). All were
metastatic melanomas; 8 had lung and bone metas-
tases, 8 had intramuscular and 6 had hepatic metastatic
lesions. Immune-related adverse events (such as coli-
tis, thyroiditis, etc.) should be taken into account in
the interpretation of FDG PET/CT images, as these are
associated with false-positive findings especially in
the colon and the thyroid. In the present study, high
thyroid metabolic activity was detected in 3 patients
among the ones who received immunotherapy. Thy-
roid ultrasound was performed on these patients, and
no thyroid nodules or biochemical thyroid disorders
were observed. With regard to colonic activity, it is re-
ported that focal FDG uptake has up to a 70-80%
probability of unveiling corresponding abnormal
histopathological observations [14]. In our study pop-
ulation, 1 patient had focal uptake of FDG localized
to the rectosigmoid junction, for whom colonoscopy
was recommended. Rectosigmoid cancer was proven
by histopathology in that case.

For patients who are suspected to have metastatic
disease the approach to imaging should focus on
symptomatic sites. Radiologic evaluation is therefore
more likely to be more clinically useful if it is focused
on disease site and symptoms. Nodal status and lung
metastasis are critical for decision-making regarding
adjuvant therapy. Contrast-enhanced CT scanning is a
widely used radiographic method for evaluating in-
trathorasic lesions as well as the metastatic disease of
liver. MRI is the preferred imaging modality when
brain metastases, soft tissue and bony lesions are sus-
pected. Metastatic lesions involving the gastrointesti-
nal tract are relatively common and abdominopelvic
CT scan can evaluate the GI tract but the patients are
often asymptomatic.
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Our study focused on the implications of metasta-
tic malignant melanoma localization. Anatomic imag-
ing modalities, physical examination and laboratory
signs are used in long-term follow-up of these patients.
Among those patients, PET/CT imaging is not pre-
ferred due to its radiation exposure and high cost until
the patients become symptomatic. Anatomical and
metabolic status of the whole body lesions can be ob-
tained with PET/CT in one session to define the total
body burden of metastases, as well as to provide more
specific information regarding specific sites, such as
the lung, mediastinum, and abdomen. FDG PET/CT,
is a preferred modality for treatment response and in
the term of recurrence. Involvement of skin or subcu-
taneous tissue may be the first sign of metastatic dis-
ease; PET/CT can be more accurate for the detection
of multifocal abnormalities even in the long-term fol-
low-up these patients.

Limitations

The present study has some limitations: (a) The
retrospective design of the study has constrained the
patient population. (b) There may have been misjudg-
ments in the evaluation of clinical images by the
physicians. (¢) The patient cohort was from a single
center, which may have influenced the results. (d) The
patients’ staging FDG PET/CT scans were not in-
cluded, and this may have affected the recurrence
time.

CONCLUSION

Metastatic behavior of malignant melanoma is gener-
ally unpredictable because the sites of metastasis are
widespread compared to other tumors. The choice of
appropriate treatment approach for melanoma requires
accurate localization of the site, number, and size of
metastases. Our investigation showed that 18F-FDG
PET/CT yielded enhanced diagnostic performance in
malignant melanoma with suspected recurrence.
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ABSTRACT

Objectives: This retrospective study aimed to compare loop ileostomy (LI) with loop transverse colostomy
(LTC) as covering stoma regarding the perioperative outcomes in patients who underwent low anterior resection
for rectal cancer between 2015 and 2020.

Methods: Data were collected from patient files and the hospital's electronic database. The primary outcome
measure was complications related to stoma formation, stoma reversal, and overall complications. Secondary
outcome measures were hospital discharge time and readmission rate after discharge.

Results: A total of 90 patients (38 female, 52 male; 56.6 + 6.8 years) were included in the study. There were
two groups considering the technique for covering stoma: Group LI (n = 50) and Group LTC (n = 40).
Demographic and perioperative characteristics were similar. Primary outcome measure: Postoperative course
was complicated in 49 (54.4%) patients. The complication rate was higher in the group LI than the group LTC
(62% vs 45%; p = 0.03). Among them, 29 (59.2%) complications were related to the stoma formation related,
and 14 (28.6 %) complications were related to the stoma reversal related, and 6 (12.2%) were overall
complications. The rate of complications related to the stoma formation was higher in the group LI compared
to the group LTC (20 [40%] vs. 9 [22.5%]; p = 0.01). The most common complication was periostomal skin
irritation (48.3%) followed by dehydration (13.8%), stoma retraction (10.3%) patients, parastomal hernia
(10.3%), bleeding (6.9%), anastomotic leak (3.4%), incisional hernia (3.4%), and high-output stoma (3.4%).
Complications including incisional hernia, high output stoma, and anastomotic leakage (Grade C; requiring
laparotomy) were observed only in the group LI. The morbidity rate in 30 days after the surgery was higher in
the group LI compared to the group LTC (16 [32%] vs. 8 [20%]; p = 0.02). A total of 14 stoma reversal
complications included incisional hernia in 7 (14.3%) patients, wound infection in 5 (10.2%) patients, and
rectal bleeding in 2 (4.1%) patients. The rate of complications was not different between groups (16% vs. 15%;
p =0.41). Overall complications were similar between study groups (3 complications in each group; p = 0.73).
Secondary outcome measure: The group LTC patients were discharged earlier compared to the group LI (7.1
+ 2.0 days vs. 9.4 + 2.5 days; p = 0.03). The readmission rate after hospital discharge was higher in the LI
group than the group LTC (18% vs. 12.5%; p = 0.02).

Conclusions: It was concluded that LTC was superior compared to LI concerning complications after low
anterior resection for rectum cancer.

Keywords: It was concluded that LTC was superior compared to LI concerning complications after low anterior
resection for rectum cancer.
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Ileostomy or colostomy for rectal cancers

ow anterior resection (LAR) is the gold stan-
I dard for treatment of rectal cancer due to
promising survival results. It is also associated
with a high incidence of complications, which increase
morbidity, hospitalization, and mortality [1]. The anas-
tomotic leak is the most important complication, ac-
counting between 3% and 30% [2]. It is also
considered to be a poor prognostic factor irrespective
of that the surgery is open or laparoscopic [3]. A cov-
ering stoma is widely used to protect the anastomosis
by diverting fecal stream and to avoid a contact be-
tween the anastomosis and fecal material or a fecal
flow through the anastomosis [4]. Two types of re
functioning stoma are commonly performed in prac-
tice: loop ileostomy (LI) and loop transverse
colostomy (LTC). Both are assumed to offer several
advantages over LAR without covering stoma, includ-
ing a lower rate of anastomotic leak, pelvic collection,
peritonitis, bowel obstruction or ileus, wound infec-
tion, and better resumption of the diet [S]. However,
for more than three decades, a continuing debate exists
about which technique is more effective in reducing
complications, and the superiority has been changed
almost every decade, according to the reports in the
literature [6, 7]. This present study aimed to compare
LI with LTC regarding perioperative outcomes. The
primary outcome measures were complications related
to the covering stoma techniques classified as stoma
formation related complications, stoma reversal re-
lated complications, and overall complications. Sec-
ondary outcome measures were hospital discharge
time and readmission rate after discharge.

METHODS

Study Design and Patient Population

This retrospective and observational study was con-
ducted in a tertiary academic hospital after obtaining
the hospital's ethics committee approval (decision
number: 110-626-20). Obtaining informed consent
from the patients was waived due to the retrospective
nature of the study.

According to the Code of Ethics of the World
Medical Association (Declaration of Helsinki), the
study was carried out and followed the strengthening
of the reporting of observational studies in epidemiol-
ogy (STROBE) guidelines. Inclusion criteria were pa-

tients with American Society of Anesthesiologists
(ASA) physical status classification I-III, histopatho-
logical confirmed rectal carcinoma, distance from anal
verge lower than 4 cm, elective surgery, no metastasis.
Exclusion criteria were urgent surgery, metastatic dis-
ease, obstructed tumour, permanent colostomy or
ileostomy, loss in the follow-up period, and missing
data.

Surgical Procedure

Surgical team members have performed surgical
procedures under general anesthesia who were expe-
rienced in colorectal and tumour surgery. After the
tumor was resected and the anastomosis was com-
pleted (colorectal or coloanal), it was decided on the
covering stoma. LTC was constructed as transverse
colostomy, and LI was constructed 20-25 cm proximal
to the ileocecal valve. All patients were educated for
stoma care during the postoperative period.

Data Collection

The electronic database, patient and anesthesia
files were retrospectively evaluated to obtain demo-
graphic characteristics, ASA physical status, surgical
characteristics, postoperative course, discharge time,
overall complications, and specific complications re-
lated to stoma formation and stoma closure. Stoma
formation related complications were defined as an
anastomotic leak, stoma prolapse, retraction, ischemia,
bleeding, peristomal skin irritation, incisional hernia,
high output stoma, dehydration and parastomal hernia.
Stoma reversal complications included anastomotic
leak, incisional hernia, wound infection, rectal bleed-
ing, ileus, and fistula. Anastomotic leakage was de-
fined as a defect of the intestinal wall integrity at the
anastomotic site, leading to a communication between
inta- and extraluminal compartments or a pelvic ab-
scess close to the anastomosis, according to the report
by the International Study Group of Rectal Cancer [8].
The severity of the leak was graded as requiring no ac-
tive therapeutic intervention (Grade A), requiring ac-
tive intervention, but manageable without
re-laparotomy (Grade B), and requiring re-laparotomy
(Grade C).

Overall complications were defined as wound in-
fection, bowel obstruction, acute kidney injury, throm-
boembolism, urinary retention, and other
cardiorespiratory problems that occurred in the post-
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operative period.

Statistical Analysis

SPSS pocket program (version 21.0; IBM SPSS
Inc, Chicago, IL) was used for statistical analysis.
Continuous variables were analyzed using descriptive
statistics and assessed with the Kolmogorov-Smirnov
test when normally distributed. The differences in dis-
tributions for categorical variables were analyzed
using Pearson's chi-square (%) and Fisher's exact tests
between groups. Non-parametric variables were as-

sessed with the Mann-Whitney U test for the distribu-
tion in study groups. A p - value < 0.05 was considered
statistically significant.

RESULTS

A total of 110 files were evaluated during the study
period. Of them, 20 files were excluded from the study
due to missing data (n = 12) and lost to follow-up (n
= 8). The mean age of the remaining 90 patients were

Table 1. Demographic and preoperative tumor characteristics in study groups

Group LI Group LTC p value
(n =50) (n =40)
Age (years) (mean £ SD) 553+5.5 57.5+7.4 0.88
Gender (Female/Male), n (%) 21 (40.2)/29 (59.8) 17 (42.5)/23 (57.5)
ASA physical status, n (%) 0.72
1 29 (58) 25 (62.5)
2 21 (52) 15 (37.5)
3 0 (0) 0 (0)
Co-morbidity n (%) 6 (12) 5(12.5) 0.52
Hypertension 3 (6) 3(7.5)
Diabetes mellitus 3 (6) 2(5)
Coronary artery disease 0 (0) 0 (0)
Pulmonary disease 0 (0%) 0(0)
BMI (kg/m?) (mean + SD) 233435 22.5+4.2 0.03
Anal verge distance (cm) (meant SD) 11+3 9+4 0.51
T, n (%) 0.61
0 0 (0) 0(0)
1 7 (14) 5(12.5)
2 25 (50) 20 (50.0)
3 12 (24) 10 (25)
4 6(12) 5(12.5)
N, n (%) 0.42
0 12 (24) 10 (25)
1 38 (76) 30 (75)
M, n (%) 0.71
0 44 (88) 36 (90)
1 6 (12) 4 (10)
Neoadjuvant chemotherapy (Y/N), n (%) 12 (24)/38 (76) 10 (25)/30 (75) 0.54

LTC = loop transverse colostomy, LI = loop ileostomy, ASA = American Society of Anesthesiologists, BMI = Body Mass
Index, T = Tumor, N = Node, M = Metastasis, Y/N = Yes/No, SD = standard deviation, p < 0.05 was considered as

statistically significant.
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56.6 = 6.8 years. There were 38 female and 52 male
patients assigned to two groups considering the tech-
nique for covering stoma. Group LI consisted of 50
patients, and Group LTC consisted of 40 patients. De-
mographic characteristics were statistically not differ-
ent between groups (p > 0.05) (Table 1). Also, the
TNM classification, anal verge distance of the tumour,
and the rate of neoadjuvant chemotherapy was similar
(p > 0.05) (Table 1). Estimated blood loss was lower
in the group LT than the group LI (180 £+ 65 ml vs 200
+70; p=0.02).

Primary Outcome Measure

The postoperative course was complicated in 49
(54.4%) patients. The complication rate was higher in
the group LI than the group LTC (62% vs 45%; p =
0.03). Among them, 29 (59.2%) complications were
related to the stoma formation related complications,
14 (28.6 %) were related to the stoma reversal related
complications, and 6 (12.2%) were overall complica-
tions.

Complications Related to the Stoma Formation

The complication rate was higher in the group LI
compared to the group LTC (20 [40%] vs. 9 [22.5%];
p =0.01), (Table 3). The most common complication
was periostomal skin irritation in 14 (48.3%) patients
followed by dehydration (13.8%), stoma retraction
(10.3%) patients, parastomal hernia (10.3%), bleeding
(6.9%), anastomotic leak (3.4%), incisional hernia

(3.4%), and high-output stoma (3.4%). All complica-
tions were higher in the group LI compared to the
group LTC except bleeding. Complications including
incisional hernia, high output stoma, and anastomotic
leakage (Grade C; requiring laparotomy) were ob-
served only in the group LI. The morbidity rate in 30
days after the surgery was higher in the group LI com-
pared to the group LTC (16 [32%] vs. 8 [20%]; p =
0.02) (Table 3).

Stoma Reversal Complications

A total of 14 complications was related to the
stoma reversal. Those included incisional hernia in 7
(14.3%) patients, wound infection in 5 (10.2%) pa-
tients, and rectal bleeding in 2 (4.1%) patients. The
rate of complications was not different between groups
134 (16% vs 15%; p = 0.41).

Overall Complications

A total of 6 complications (3 complications in
each group; p = 0.73) were recorded. One patient in
the group LI suffered from arrhythmia, and one patient
from atelectasis. One patient in each group developed
deep venous thrombosis. Delirium was diagnosed in
two patients (one patient in each group). All those
complications were treated successfully in the early
postoperative period.

Secondary Outcome Measure
The group LTC patients were discharged earlier

Table 2. Comparing perioperative characteristics between study groups

Group LI Group LTC p value
(n=50) (n =40)

Anastomosis

Mechanical (stapler), n (%) 45 (90) 35 (87.5) 0.33
Hand-sewn interrupted, n (%) 5(10) 5(12.5) 0.92
Operative time (min) (mean + SD) 150 + 40 145 £ 45 0.32
Estimated blood loss (ml) (mean &+ SD) 200 + 70 180 + 65 0.02
Blood transfusion, n (%) 6 (12) 5(12.5) 0.41
Admission to ICU, n (%) 7 (14) 6 (15) 0.55
Hospital discharge time (day) (mean £ SD) 94+£25 7.1+£2.0 0.03
Time to stoma closure (day) (mean + SD) 78 £ 18 71+17 0.88
Readmission after the discharge, n (%) 9 (18) 5(12.5) 0.02

LTC = loop transverse colostomy, LI = loop ileostomy, ICU= Intensive care unit, SD = standard deviation, p < 0.05

wasconsidered as statistically significant.
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Table 3. Comparing complications between study groups

Group LI Group LTC p value
(n=50) (n =40)
Total complications, n (%) 31(62) 18 (45) 0.03
Complications related to the stoma formation, n(%) 20 (40) 9 (22.5) 0.01
Periostomal skin irritation 9 (18) 5(12.5) 0.01
Dehydration 3(6) 1(2.5) 0.01
Stoma retraction 2(4) 1(2.5) 0.02
Parastomal hernia 2(4) 1(2.5) 0.02
Bleeding 1(2) 1(2.95) 0.31
Incisional hernia 1(2) 0(0) <0.01
High — output stoma 1(2) 0(0) <0.01
Anastomotic leak (Grade C; Requiring 1(2) 0 (0) <0.01
laparotomy)
30-day morbidity 16 (32) 8 (20) 0.02
Complications related to the stoma reversal, n (%) 8 (16) 6 (15) 0.41
Incisional hernia 4(8) 3(7.5) 0.53
Wound infection 3(6) 2(5) 0.51
Rectal bleeding 1(2) 1(2.5) 0.78
Overall complications, n (%) 3 (6) 3(7.5) 0.73
Cardiorespiratory problems 1(2) 1(2.5) 0.31
Deep venous thrombosis 1(2) 1(2.5) 0.31
Cognitive dysfunction 1(2) 1(2.5) 0.31

LTC = loop transverse colostomy, LI = loop ileostomy. p < 0.05 was considered asstatistically significant.

compared to the group LI (7.1 £2.0 days vs. 9.4 +2.5
days; p = 0.03). The readmission rate after hospital
discharge was higher in the LI group than the group
LTC (18% vs 12.5%; p = 0.02).

DISCUSSION

The results of the study showed that LTC was superior
to the LI as covering stoma for low anterior resection
of rectal cancer for several reasons: a) The total com-
plication rate was reduced, b) The complication rate
related to the stoma formation was lower, ¢) Hospital
discharge time was shorter, and d) the readmission rate
after the discharge was lower.

These results are compatible with several studies.
In a double-blind and prospective study, Abdulmohay-
men compared LI with LTC in 70 patients and found
that stoma-related complications were significantly

higher in the LI group than in the LTC group (75.6%
vs. 43.2%), [9]. Peristomal dermatitis was the most
frequently recorded complication. Also, the rate of
stoma reversal related complications was higher in the
LI group (45.4% vs. 13.5%). Diarrhea was the most
common complication.

Sun et al. also reported that stoma related compli-
cations were found higher in the LI group than the
LTC group (74.3% vs. 48.7%) [10]. Irritant dermatitis
was the most frequent complication. The LI group had
a significantly higher stoma reversal complication rate
(24.24% vs. 9.01%). Multivariate logistic regression
analysis showed that ileostomy was a significant in-
dependent risk for stoma-related complications (p <
0.001) and stoma reversal perioperative complications
(p <0.05). On the other hand, in a meta-analysis study
including five randomized and seven non-randomized
studies, Chen et al. [11] reported that the risks of
stoma relapse and LI's wound infection were lower in
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the LI patients than LTC. In contrast, no other is sta-
tistically significant difference was observed for com-
plications.

Gavriilidis et al. [12] reported a meta-analysis with a
higher incidence of stoma prolapse, lower incidence
of high-output stoma after stoma formation and sig-
nificantly more complications related to stoma rever-
sal, such as wound infections and incisional hernias in
patients receiving LTC than the LI.

Nevertheless, the overall complication rate was
similar. Du ef al. [13] included two randomized con-
trolled trials and six cohort studies with a total of 1451
patients in their recent meta-analysis and systemic re-
view study. Stoma prolapse, stoma retraction, paras-
tomal hernia, surgical site infection, and incisional
hernia were higher after LTC, whereas dehydration
was lower.

In a review by Geng et al. [14], it was found that
the prevalence of sepsis, prolapse, parastomal hernia
and overall complications were lower after stoma for-
mation in LI patients compared to LTC patients. Also,
wound infection and incisional hernia were lower, but
overall complications were similar. They concluded
that a defunctioning LI might be superior to LC con-
cerning a lower prevalence of surgical complications
after low anterior resection of rectum cancer.

In a prospective study including 28 patients, skin
excoriation, leaks from the appliance, and parastomal
hernia was lower in the LI group, but intestinal ob-
struction was higher compared to the LTC group [15].

Limitations

Based on the literature, there is still no consensus
between LI and LTC about which technique is supe-
rior. This study has several limitations. First, the pa-
tients were not randomized due to the retrospective
nature of the study. This might cause a bias despite the
same inclusion and exclusion criteria. Another limita-
tion was the limiting number of patients.

CONCLUSION

Although our results revealed that LTC was superior
compared to LI concerning complications after low
anterior resection for rectum cancer, it can be stated
that both LTC and LI have advantages and disadvan-
tages. The choice of the technique for fecal diversion

should be considered for every patient individually.
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ABSTRACT

Objectives: Although anti-cyclic citrullinated peptide (anti-CCP) antibody is a specific marker for rheumatoid
arthritis (RA), it is also detected positively in some other rheumatological diseases including Sjogren's
syndrome (SS) and even in healthy people. Studies have shown that anti-CCP guides the early diagnosis,
prognosis and treatment of RA patients. SS and RA overlap syndrome are common. This study was conducted
to determine the prevalence and clinical significance of serum anti-CCP in primary SS patients followed in
our outpatient clinic.

Methods: Eighty-two primary SS, 100 RA patients and 100 healthy controls applied to rheumatology outpatient
clinic were examined. Patients and control groups were compared in terms of demographic characteristics,
laboratory results and anti-CCP.

Results: In the present study, anti-CCP was positive in 4 (4.9%) of 82 primary SS patients. In the SS group,
among other autoantibodies, ANA was found to be positive at 88.8%, RF 45%, SS-A 64.6%, and SS-B 36.7%.
There was no relationship between anti-CCP and joint involvement in patients with SS.

Conclusions: Anti-CCP antibody positivity can be found in SS patients. Acute phase proteins may be higher
in primary SS patients with positive anti-CCP antibody. However, studies have found conflicting findings
about the prevalence of erosive arthritis and the future development of RA in these patient groups.
Keywords: Primary Sjogren's syndrome, rheumatoid arthritis, anti-cyclic citrullinated peptide

S jogren's syndrome (SS) is a chronic autoimmune
disease characterized by mononuclear cell infiltra-
tion in organs, involving all exocrine glands, primarily
the salivary and lacrimal glands. The spectrum of the
disease ranges from autoimmune exocrinopathy to a
systemic process with extraglandular manifestations.
Dry mouth and eyes due to glandular involvement are
among the most common symptoms of the disease.
The disease is generally seen in women between the
ages of 40-50. Although the cause of the disease is not

known exactly, it can be seen together with other au-
toimmune diseases such as systemic lupus erythe-
matosus (SLE), rheumatoid arthritis (RA), systemic
sclerosis and polymyositis (secondary SS) or it can
occur alone (primary SS) [1]. RA is the most common
rheumatic disease associated with SS [2].

Anti-CCP antibodies are IgG-type antibodies that
develop against citrullinated peptides and are called
anti-citrullinated peptide antibodies (ACPA). The most
commonly used ACPA tests are anti-cyclic citrulli-
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nated peptide (Anti-CCP) antibodies. Anti-CCP is 97-
98% specific and 40-60% sensitive for RA [3]. In ad-
dition, they can be detected in a very early period
(79%) in RA [4]. It has been reported that patients with
positive anti-CCP antibodies develop more joint de-
formity and radiological damage [5]. Anti-CCP is re-
ported as a much more specific parameter for RA than
rheumatoid factor (RF) [6]. Anti-CCP may be also
positive in some rheumatologic diseases, including
SS, and even in healthy people, except for RA. The
most common causes of anti-CCP positivity other than
RA, in order of frequency, are psoriatic arthritis (9%),
systemic lupus erythematosus (8%), juvenile idio-
pathic arthritis (8%), scleroderma and CREST syn-
drome (7%), Sjogren's syndrome (6%), vasculitis
(5%); in addition, 3% positive in ankylosing spondyli-
tis, 1% positive in chronic hepatitis C and Wegener
granulomatosis [7]. It has been reported that ACPA is
detected at a high prevalence in active tuberculosis,
except autoimmune diseases [8]. These antibodies are
found to be less than 1% positive in the normal popu-
lation [3].

The aim of this study is to determine the preva-
lence of anti-CCP in primary SS patients and its rela-
tionship with joint and extra-articular involvement
associated with the disease.

METHODS

Eighty-two patients with primary SS diagnosis, 100
patients with RA diagnosis and 100 healthy individu-
als as control group were included. Patients who met
the AECG 2002 (American-European Consensus
Group) criteria for the diagnosis of primary SS and the
ACR/EULAR 2010 (American College of Rheuma-
tology/European League Against Rheumatism) criteria
for the diagnosis of RA were included in the study [9,
10].

Patients with secondary SS, patients with autoim-
mune diseases other than SS, and pregnant women
were excluded from the study. Age, gender, symptoms
at presentation, joint and extra-articular involvement,
onset time of symptoms, time to diagnosis and given
treatments were recorded. For each patient diagnosed
with primary SS and RA, complete blood count, bio-
chemical parameters, autoimmune markers and serum
anti-CCP values available at the time of admission

were recorded. Patients and control groups were com-
pared in terms of demographic characteristics, labora-
tory findings and anti-CCP.

Ethics committee approval was obtained for the
study. Anti-CCP serum levels were measured on the
Roche cobas-e 601 immunoassay analyzer, a dual
modular device, using the Elecsys® Anti-CCP kit from
Roche Diagnostics. The measurement was made using
the electrochemiluminescence method. The reference
range was taken as 0-20 ITU/mL.

Statistical Analysis

The compliance of the variables in the study to
normal distribution was evaluated using the Shapiro-
Wilks test. The median (Interquartile Range-IQR) was
used to display descriptive statistics of discrete and
non-normally distributed variables. In comparisons of
parameters that do not show normal distribution be-
tween groups, Kruskall-Vallis H test was used for mul-
tiple groups and Mann-Whitney U Test was used for
paired groups. Bonferroni-corrected paired compar-
isons were made for variables with significant differ-
ences as a result of the Kruskal-Wallis test. Whether
the distribution of categorical variables differed by
groups was evaluated using the Chi-square test. In
case the number of subjects in the cells is insufficient;
differences between groups were analyzed using
Fisher's Exact test result. IBM SPSS Statistics 21.0
(IBM Corp. Released 2012. IBM SPSS Statistics for
Windows, Version 21.0. Armonk, NY: IBM Corp.) and
MS-Excel 2007 programs were used for statistical
analysis and * calculations. Statistical significance
level was accepted as p < 0.05.

RESULTS

A total of 282 individuals were included in the study.
Of these, 82 were primary SS (96.3% female [79/82]
and median age 49.0 (IQR = 11.0) years), 100 patients
with RA (69% female [69/100] and median age 50.0
(IQR =21.0) years) and 100 healthy controls (78% fe-
male [78/100] and median age 41.5 (IQR = 14.0)
years). The mean time elapsed since the onset of
symptoms in SS patients was 39.17 + 28.8 months,
and the mean time after diagnosis was 27.04 = 17.4)
months. The average time between the onset of symp-
toms and diagnosis is 12.12 + 23.6) months.
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Table 1. Clinical features of the SS group
SS SS
n (%) n (%)
First application complaints Joint involvement 66 (80.5)
Dry mouth 24 (29.3) Large joint (LJ) arthralgia 24
Dry eyes 12 (14.6) LJ arthritis 4
Dry mouth + eyes 46 (56.1) Small joint (SJ) arthralgia 5
Minor salivary gland biopsy 41 (50) SJ arthritis 0
none 6 Arthralgia (LJ + SJ) 19
present 35 Arthritis (LJ + SJ) 1
Drugs Arthritis and arthralgia 13
Methotrexate (Mtx) 9(11.0) Extraarticular involvement 26 (31.7)
Hydroxychloroquine (Hcq) 62 (75.6) Raynaud syndrome 6
Sulphasalazine (Slz)+Hcq 3.7 Pulmonary involvement 1
Mtx + Heq 5(6.1) Renal involvement* 14
Mtx + Heq + Slz 1(1.2) Neurological involvement 3
Leflunomide 1(1.2) Dermatological + renal involvement
Azathioprine 1(1.2) Lymphoma 1

SS = Sjogren’s syndrome

*According to the 24-hour urine results of SS patients, proteinuria > 150 mg/day was defined as proteinuria, and > 30
mg/day microalbumin detection was defined as microalbuminuria. Renal involvement was accepted in patients with
microalbuminuria and proteinuria. 33 patients have 24-hour urine results. Proteinuria was found in 13 patients and

microalbuminuria was found in 2 of them.

Extra-articular involvement was present in 26 (31.7%)
patients with SS. Among the extra-articular involve-
ment, renal involvement in 14 patients, Raynaud phe-
nomenon in 6, neurological involvement in 3 , lung
involvement in 1 and renal and skin involvement were
found together in 1 patient. Non-Hodgin Lymphoma
(NHL) was observed in only 1 of our patients.

The clinical characteristics of SS patients are
shown in Table 1 and the frequency of autoantibodies
in Table 2. Anti-CCP value > 20 IU/mL was consid-
ered positive. The frequency of anti-CCP positivity
shows a significant difference between the SS, RA and
control groups (y* = 112.176, p < 0.001). In the SS
group, 4.9% (n =4) , in the RA group, 56% (n = 56)
were anti-CCP positive. Anti-CCP positivity (n = 0)
was not detected in the control group. As a result of
binary comparison; Anti-CCP distribution in SS and
RA groups (%> = 53.283; p <0.001), SS and control
groups (x> = 6.488; p=0.011), RA and control groups
(x> = 77.778; p < 0.001) was significantly different
(Table 2).

Anti-CCP values also differ significantly in the

groups (p <0.001). Anti-CCP values are similar in SS
and control groups (p = 0.143). The median of anti-
CCP in the RA group was 68.3 (IQR =387.4), the me-
dian of anti-CCP in the SS and control group was 7.0
(IQR = 0.0), and the median values obtained for RA
were significantly different from the other groups (p
<0.001) (Tables 3 and 4).

The median value of the erythrocyte sedimenta-
tion rate (ESR) variable of the SS group patients is
24.0 (IQR =26.0), 36.0 (IQR =36.0) for RA and 14.0
(IQR = 17.0) for the control group. A significant dif-
ference was found in terms of ESR variable in SS, RA
and control group patients (p < 0.001). All pairwise
comparison results were significant (p < 0.05) (Tables
3 and 4).

C-reactive protein (CRP), rheumatoid factor (RF)
variable values differ in the groups. The median of
CRP in the RA group was higher than the SS and con-
trol group, and the median of CRP in the SS group was
higher than the control group (p < 0.001). In the RA
group, the median of RF was found to be significantly
higher than the median obtained for SS and the control
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Table 2. The frequency of anti-CCP and other autoantibodies in patients with SS and RA

SS RA v p value
n (%) n (%)

Anti-CCP (1) 4 (4.9) 56 (56.0) 112.176 <0.001
ANA (1) 71 (88.8) 30 (33.7) 53.080 < 0.001
“anti-dsDNA (+) 6 (8.1) 3(5.5) 0.732*
“Jol (+) 1(1.4) 0 (0.0) 1.000*
“Scl70 (+) - - wk
“Sm (+) 5(7.1) 0 (0.0) 1.170*
“SmRnp (+) 1(1.4) 0 (0.0) 1.000*
SS-A (+) 50 (64.6) 2 (5.4) 35.531 < 0.001
SS-B (1) 29 (36.7) 12.7) 15.198 <0.001
Anticardiolipin antibody (+) 1 (3.6) 0 (0.0) 1.000*
Lupus anticoagulant (+) 0(0.0) 1 (50.0) 1.182*

CCP = cyclic citrullinated peptide, RA = rheumatoid arthritis, SS = Sjdgren’s syndrome
*Fisher Exact test result. / ** Since the number of subjects is insufficient, the test result cannot be given.

“These values were borderline positive and were not considered significant when evaluated together with the clinic. In the
subsequent visits of the patients, especially the anti ds DNA values were found to be negative and no other collagen tissue
disease clinic was detected in the patients. The B2 glycoprotein test was not performed at our center at the time of the study.

group (p <0.001 and p = 0.044 respectively). RF me-
dians were similar in SS and control groups (p =
0.142) (Tables 3 and 4).

No significant relationship between the anti-CCP
and the number of joint involvement was detected in
patients with SS (p > 0.05).

DISCUSSION

Primary SS is associated with many autoantibodies,
mainly antinuclear antibody (ANA), anti-SSA, anti-
SSB and RF. The frequent association of SS with RA
(19.5%) [11] and the high prevalence of RF in SS

make it difficult to differentiate RA from SS, espe-
cially in patients with arthritis. Anti-CCP is critical in
detecting early stage RA patients. Therefore, anti-CCP
positive SS patients should be closely monitored for
the future development of RA and other overlap syn-
dromes [12, 13]. In our study, the frequency of anti-
CCP in primary SS was found to be 4.9%. There are
few studies conducted on anti-CCP positivity in pri-
mary SS patients.

So far there was only one study in Turkey and it
was conducted on a small number of patients [14]. In
this study conducted in Istanbul in 2005, the frequency
of anti-CCP was examined in 46 RA patients, 32 pri-
mary SS and 22 Wegener granulomatosis patient

Table 3. Comparison of ESR, CRP, RF and anti-CCP variables by groups

Groups
Variables SS RA Control X p value
Median (IQR) Median (IQR) Median (IQR)
ESR (mm) 24.0 (26.0) 36.0 (36.0) 14.0 (17.0) 37.475 <0.001
CRP (mg/dL) 0.5 (1.8) 1.6 (3.6) 0.3 (0.5) 67.397 <0.001
RF (IU/mL) 18.1 (25.0) 24.1 (91.8) 20.0 (0.0) 18.559 <0.001
anti-CCP (IU/mL) 7.0 (0.0) 68.3 (387.4) 7.0 (0.0) 113.909 <0.001

CCP = cyclic citrullinated peptide, RA = rheumatoid arthritis, SS = Sjégren’s syndrome, ESR = erythrocyte sedimentation

rate, CRP = C-reactive protein, RF = rheumatoid factor
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Table 4. Pairwise comparison results of ESR,
CRP, RF and anti-CCP variables

RA Control
p value p value
ESR SS 0.008 0.014
RA <0.001
CRP SS < 0.001 <0.001
RA <0.001
RF SS < 0.001 0.142
RA 0.044
Anti-CCP SS < 0.001 0.143
RA <0.001
CCP = cyclic citrullinated peptide, RA = rheumatoid

arthritis, SS = Sjogren’s syndrome, ESR = erythrocyte
sedimentation rate, CRP = C-reactive protein, RF =
rheumatoid factor

groups. Anti-CCP was positive in only 1 patient (3%)
of primary SS patients. Our study is the second study
conducted in the Turkish population and may reflect
the prevalence of anti-CCP in primary SS patients
more accurately in terms of the large number of pa-
tients. In our study, 4 (4.9%) of 82 primary SS patients
were anti-CCP positive and the anti-CCP median was
7.0 (IQR = 0.0).

In the largest of the studies, Ryu et al. [15] fol-
lowed 405 primary SS patients for an average of 60
months. RA developed in 23 (5.6%) patients after fol-
low-up. Similar to our study, the frequency of women
was 95.3% and the average age was 52.7 (range: 17-
87) years. During the follow-up, 171 (42.2%) patients
complained of arthralgia. A total of 73 (18%) patients
have arthritis. Anti-CCP was positive in 38 (9.4%) pa-
tients. In the follow-up, 42 (10.3%) patients pro-
gressed to secondary SS. RA was developed in 23
(5.6%) of secondary SS, SLE in 13 (3.2%), systemic
sclerosis in 4 (0.9%) and Behget's disease in 22
(0.2%). Anti-CCP was positive in all patients who de-
veloped RA. Average RA development time was 60
months (7-98 months).

Goeb et al. [16] found positive anti-CCP autoan-
tibodies in only 4% of 137 women and 16% of 11
male patients with primary SS. In a study conducted
by Gottenberg et al. [17] in 134 patients with primary
SS, anti-CCP antibodies were found positive with a
rate of 7.5% and anti-keratin antibodies with a rate of

5.2%. Other studies have shown that anti-CCP anti-
bodies were detected positively in a minority of pri-
mary SS patients, with or without erosive arthritis [ 14,
18-20].

Thirty-eight percent of primary SS cases have
arthralgia and arthritis [21]. Chronic symmetrical
arthritis rate in the small joints of the hand and wrist
are 16%, and erosion is present on direct radiography
in 1.5% of those with chronic arthritis [22]. In clinical
practice, in the patient who applied with arthritis; anti-
CCP positivity and presence of erosion on plain X-ray
are interpreted in favor of RA in the differentiation of
primary SS and RA. However, anti CCP can be de-
tected positively in 3-22.1% of primary SS patients.
Conflicting results have been found in studies on the
clinical importance of anti-CCP positivity in primary
SS. While some of them found that the incidence of
arthritis increased in those who were anti CCP posi-
tive, other studies do not support this [12, 13, 23-25].
In two studies, one with joint ultrasonography in
adults and the other in children, a correlation was
found between anti-CCP positivity and arthritis fre-
quency in primary SS [23, 24]. A systematic review
and meta-analysis showed that anti-CCP positivity is
associated with the development of arthritis and fur-
ther progression to RA [12]. In a prospective study by
Haga et al. [25], no correlation was found between
anti-CCP and arthritis. In this study, only 5 of 62 pri-
mary SS cases were found to be anti-CCP positive. In
our study, anti-CCP was found only in four of 82
cases, and similarly, no significant relationship was
found with anti-CCP in terms of arthritis development.

Anti-CCP positive SS patients should be closely
monitored for future risk of development of RA or any
other rheumatic disease. In addition, the value of
ACPA tests other than anti-CCP (such as anti-citrulline
a-enolase antibody and anti-Ro) is gradually increas-
ing [26]. Especially in the treatment of ACPA positive
diseases; the blockade of the Peptidyl Arginine Deim-
inase (PAD) enzyme involved in the citrullination
process may affect the course of the disease and pre-
vent joint involvement.

Limitations

Limitation of our study was mean disease duration
of sjogren syndrome patients were short (27-28
months). Anti-CCP antibody positivity can be found
in SS patients. Acute phase proteins may be higher in
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primary SS patients with positive anti-CCP antibody.
However, studies have found conflicting findings
about the prevalence of erosive arthritis and the future
development of RA in these patient groups.

CONCLUSION

Anti-CCP antibody positivity can be found in SS pa-
tients. Acute phase proteins may be higher in primary
SS patients with positive anti-CCP antibody. How-
ever, studies have found conflicting findings about the
prevalence of erosive arthritis and the future develop-
ment of RA in these patient groups.This study is the
largest study in determining the prevalence of anti-
CCP in primary SS in terms of the number of individ-
uals conducted in the Turkish population. There was
no significant relationship between anti-CCP and joint
findings. It is necessary to study more patients to de-
termine whether there is a significant relationship be-
tween anti-CCP and other clinical findings.
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Conjunctival suture internal or external knotting in
strabismus surgery: effect on healing and comfort
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ABSTRACT

Objectives: To evaluate the effectiveness of the conjunctival suture tied internally and externally on patient
comfort and suture dissolution in the postoperative period in patients who underwent symmetrical strabismus
surgery.

Methods: In 50 patients who underwent surgery in the Beyoglu Eye Training and Research Hospital Strabismus
Unit, the conjunctiva was closed by tying the conjunctival suture externally in the right eye and internally tying
the left eye. Absorbable 8/0 polyglactin suture was used for conjunctival suturing in all patients. Pain, itching,
tearing and, discomfort sensations of the patients were questioned and a slit-lamp examination for conjunctival
inflammation and dissolution of the suture were evaluated on the postoperative 1% day, 1% week, 1** month,
and 6" weeks.

Results: Twenty-two patients were female and 28 were male. The mean age of the patients was 7.24 + 4.83
(range: 4-17) years. When the pain, stinging and discomfort of the patients were questioned, 46% of the patients
stated that they felt more comfortable in the left eye on the 1% and 10™ days, while 48% of the patients stated
that they were equal in both eyes. When we evaluated the melting of the suture and conjunctival redness, it
was observed that the suture in the left eye was melted prematurely at a rate of 40% and, the conjunctival
redness resolved early in the first month. There were equal pain and redness in both eyes at a rate of 54%.
Conclusions: In strabismus surgery, the closure of the conjunctiva by tying the suture internally is thought to
increase patient comfort in the postoperative period.

Keywords: Conjunctiva, suture, melting, irritation

he polyglactin 8-0 suture is a frequently used in

ocular surgery and is especially preferred for clos-
ing the conjunctiva. This suture is preferred for con-
junctival closure also in strabismus surgery. It has a
average 56-70 days absorption rate. Due to the small
diameter of this suture, and its non-antigenic structure,
the fact that it causes less tissue reaction compared to
other materials, but it can also cause discomforts like

itching and foreign body sensation especially in the
early postoperative period. These complications in-
clude prolonged inflammatory reaction at the suture
site, suture granuloma or abscess and, giant papillary
conjunctivitis [1, 2]. To avoid these drawbacks, con-
junctival suture with internal ligation can be applied.

The aim of this study is to compare the absorbtion
rate of the conjunctival suture knotted internally and
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externally and to evaluate its effect on patient comfort.

METHODS

Hundred eyes of 50 patients who underwent bilateral
symmetrical surgery were included in the study. Ethics
committee approval was obtained from the Okmey-
dani Training and Research Hospital. This study was
conducted in accordance with the principles of the
Declaration of Helsinki and written informed consent
was obtained from the patients/parents following a de-
tailed explanation of the study objectives and protocol.
This study was conducted at our hospital from 2017
to 2019.

The suture material was 8-0 polyglactin 910
(Vicryl®; Johnson & Johnson, Livingston, UK) Exter-
nally conjunctival suture tying was used to close con-
junctival incisions in the right eye and, internally tying
in the left eye of 50 patients during strabismus surgery.
At the end of the operation, eyes were closed with an-
tibiotic pomade. Antibiotic and corticosteroid combi-
nation eyedrops (tobramycin 0.3%+dexamethasone
0.1% mg) were continued 4 times a day for 3 weeks.

Postoperative follow-ups were done with a slit-
lamp examination performed on the 1% day, 1% week,
1 month, and 6" week. The conjunctival redness, in-
flammation and absorbtion of the suture were deter-
mined by slit-lamp examination and recorded. Ocular
irritation scores questioning itching, pain and, foreign

Table 1. Conjunctival inflammation grades

body reaction were asked to all patients and their par-
ents of incompatible age group patients. The subjec-
tive discomfort scale was graded from 0-to-3
according to the answers given by the patient (0, total
comfort; 1, minor discomfort; 2, moderate discomfort;
3, severe discomfort) [3-5].

Objective evaluation of conjunctival inflammation
was made by the same physician(CG) by examining
the operated conjunctival quadrant using a slit-lamp
biomicroscope. A modified conjunctival inflammatory
index (Table 1) in which hyperemia, chemosis, and
discharge were rated on a 0 to 3 scale (0, none; 1, mild;
2, moderate; 3, severe) for a maximum possible in-
flammation score of 9 used for grading [5-7].

Surgical Technique

Horizontal strabismus surgery under general anes-
thesia was performed by the same surgical team. After
making a fornix-based two radial limbal conjunctival
incisions, performed bilateral symmetrical extraocular
medial or lateral rectus muscle recession was per-
formed. The conjunctival wound was closed in both
eyes with 2-3 stitches of interrupted 8-0 polyglactin
suture after completing the muscle surgery. In the right
eyes with external knot suture, the conjunctiva was
closed with a conventional method. Loose ends of the
knot were cut short. In the left eyes with an internal
knot, the first pass of the suture started under the con-
junctiva, passed through the opposite side conjunctiva
from above, and was removed from under the conjunc-

Scales Values

Conjunctival hyperemia 0 Absent

1 Mild hyperemia

2 Hyperemia around the wounds

3 Hyperemia around the wounds and entire quadrant
Conjunctival discharge 0 Absent

1 Small discharge on conjunctiva

2 Discharge on conjunctiva and cornea

3 Discharge on conjunctiva, cornea, and eyelid
Conjunctival chemosis 0 Absent

1 Mild chemosis

2 Chemosis around the wounds

3 Chemosis around the wounds and entire quadrant
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tiva and tied there. The suture was cut just above the
knot without allowing any suture tip to be exposed.

Statistical Analysis

Statistical analysis was performed with SPSS 20
pocket program (SPSS Inc., Chicago, IL, USA). In the
evaluation of data, repeated statistical methods as well
as paired t-test, variance analysis of multiple groups,
Pearson correlation test for the relationship between
variables were used. A p - value of less than 0.05 was
considered statistically significant.

RESULTS

The mean age of the patients was 7.24 + 4.83 (range:
4-17) years. Twenty-two patients were female and 28
were male. Mean total surgery times were similar in
both eyes (17 £ 4 minutes). When the pain, tearing
and, discomfort of the patients were questioned, 46%
of the patients stated that they felt more comfortable
in the left eye on the 1* and 10" days, while 48% of
the patients stated that they were equal in both eyes.
When we evaluated the dissolution of the suture and
conjunctival redness, it was observed that the suture
in the left eye was melted prematurely at a rate of
40%, the conjunctival redness resolved early in the
first month. There was equal redness in both eyes at a
rate of 54%. Table 1 shows the ocular irritation scor-
ing.

Postoperatively at 1 day and 1% week, the pain

Pain scores
3
2,5
2
1,5
1
0,5
0
1 day 1 week 1 month 6 week
= Right eye Left eye

Fig. 1. Mean postoperative pain scores at four follow-up pe-
riods. *p > 0.05

and tearing scores were lower in the left eyes than in
the right eyes, but it was not significant (p > 0.05)
(Figs. 1 and 2). The mean duration of discomfort was
2.9 £ 0.8 days in the left eye and 3.2 + 1.2 days in the
right eyes (p > 0.05). The inflammation was lower in
the left eyes for the first month (p > 0.05) (Fig. 3).

Conjunctival incisions had successfully closed in
both eyes of all patients in the 1 month postopera-
tively. Tenon’s capsule prolapse through the conjunc-
tival incisions, scarring, allergic reaction or infection
was not occurred in none of patients.

DISCUSSION

Proper closure of the conjunctiva is essential for suc-
cessful strabismus surgery. The suture material to be
selected is important for this. Polyglactin 8-0 sutures
are commonly used. Although this suture is a material
that can absorbe, it can cause irritation and discomfort
during the early postoperative period. This may delay
the patient's return to his/her normal life and cause loss
of workforce in adult patients, and difficulty in open-
ing eyes and restlessness in young children [5, 8, 9].
There are a lot of studies about conjunctiva closing
with suturation versus fibrin glue [5-14]. These studies
had shown although conjunctiva healing pocess takes
a similar time course in both procedure; that the con-
junctival inflammation and the severity of pain, tear-
ing and discomfort experienced by patients was
significantly less for the fibrin glue group especially

Tearing

3
25
2
1,5
1
0,5
0

1day 1week 1month 6 week

= Right eye Left eye

Fig. 2. Mean postoperative tearing scores at four follow-up
periods *p > 0.05
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inflammatory scores

1day 1 week 1 month 6 week

e Right eye Left eye

Fig. 3. Mean postoperative inflammatory scores at four fol-
low-up periods. *p > 0.05

at the first 24 hours after surgery.

Despite these advantages, fibrin glue could not be
used daily in strabismus surgery due to its high cost
[12, 15, 16]. And also fibrin glue can be to cause con-
junctival retraction [5, 8, 10]. Because of this situa-
tion, conjunctival suture with internal knotting can be
used for patients’ comfort after surgery. This procedure
has not statistically significant results, but it can be ap-
plied easily and it does not affect the surgery time.
Escardo’-Paton and Harrad [17] have shown that the
median duration of redness was 9.5 weeks in conjunc-
tiva closed with 6.0 vicryl after adult strabismus sur-
geries. In other studies have shown that the
conjunctival redness persists for an average of 4-5
weeks [3, 5, 11, 12]. The present study found similar
results for conjunctival redness in both eyes with 4
weeks. There are no studies in the literature on the in-
ternal knotting closure of the conjunctiva. In the pres-
ent study has been found that the inflammation was
lower in the left eyes for the first month.

CONCLUSION

In surgeries that mostly affect the external appearance
of patients, such as strabismus surgery, it is important
to close the conjunctiva in terms of both providing a
visually pleasing image and postoperative patient
comfort. Therefore, it is easy to apply and contributes
to postoperative patient comfort; we recommend tying
the suture internally while closing the conjunctiva in

strabismus surgery.
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ABSTRACT

Objectives: To compare maternal and neonatal outcomes concerning emergency or planned cesarean deliveries
in pregnancies complicated by placenta previa (PP), and to evaluate factors related to blood transfusion
requirement.

Methods: Three hundred sixty-three women with PP with (n = 80) and without (n = 283) placenta accreta
spectrum (PAS) who delivered between May 2016 and May 2021 were retrospectively reviewed. The patients
were allocated to two main groups as PAS and non-PAS and into two subgroups as emergency cesarean
delivery (ECD) and planned cesarean delivery (PCD).

Results: One hundred twenty-eight deliveries were emergency and 155 were planned in non-PAS group. In
PAS group 38 patients were delivered urgently and 42 were delivered as planned. General anesthesia was
preferred more frequently in emergency cases. Gestational age, birth weight, and the 1% and 5% minute APGAR
scores of the infants were significantly lower and neonatal intensive care unit (ICU) admission was significantly
higher in the ECD cases (p < 0.001) in both PAS and non-PAS groups. The total amount of blood and blood
product transfused (p = 0.005), length of hospital stay (p = 0.022) were higher in the ECD cases and adult ICU
admission was significantly higher in the ECD cases in non-PAS group (p = 0.016). In multilinear regression
analysis, the need for blood transfusion was found to increase with the number of previous cesarean sections,
ECD, PP with PAS, general anesthesia, and uterine artery ligation.

Conclusions: In placenta previa, which is an obstetric condition associated with serious maternal and neonatal
morbidity and mortality, adverse maternal and neonatal outcomes increase in cases of emergency cesarean
delivery.

Keywords: Planned cesarean delivery, emergency cesarean delivery, hysterectomy, placenta previa, placenta
accreta spectrum, blood transfusion

lacenta previa (PP), a unique obstetric condition ery, is defined as the extension and closure of the pla-
associated with maternal and neonatal morbidity cental tissue on the internal cervical os [1]. The most
and mortality due to the potential for serious antenatal accepted explanation in the etiology is the absence of
bleeding, peripartum hemorrhage, and preterm deliv- the phenomenon called "trophotropism", atrophy, and
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migration in the natural development of the placenta,
due to a defect in the endometrium caused by previous
surgery, especially the decreased vascularity in the
scar area of a previous cesarean section, which leads
the placenta to settle in the lower uterine segment. PP
was reported to complicate 0.38% of singleton preg-
nancies in the 2000s [2], and its prevalence has been
reported as 0.56% in recent years [3]. This increasing
trend is associated with the increasing rates of ce-
sarean delivery in a dose-response manner [4]. Other
risk factors are advanced maternal age, multiparity,
smoking, multiple pregnancies, assisted reproductive
technology (ART) use, and recurrent pregnancy loss
[2, 5]. PP cases are at increased risk of intrapartum
blood loss due to the inability of the lower uterine seg-
ment, where abnormal placental implantation occurs,
to contract as effectively as the normal uterine seg-
ment, the possibility of transecting the placenta during
uterine incision, and the increased risk of placenta acc-
reta [6].

It should be kept in mind that the possibility of pla-
centa accreta spectrum (PAS) increases if PP is de-
tected in a pregnant woman with a previous cesarean
section. PAS (accreta, increta, percreta) is a spectrum
disorder ranging from abnormal adhesion to deep in-
vasion, which is clinically important because the pla-
centa does not separate spontaneously at delivery and
causes life-threatening bleeding and necessitates blood
transfusion, intensive care unit (ICU) admission and
even hysterectomy [7]. It has been reported that PP is
associated with a three to five-fold increase in the risk
of preterm birth, admission to the neonatal intensive
care unit (NICU), neonatal and perinatal death [8]. The
main causes of neonatal morbidity and mortality are
problems related to preterm birth [9].

The aim of our study was to compare the effects
of an emergency or planned cesarean delivery on ma-
ternal and neonatal outcomes in both PAS and non-
PAS PP cases, and secondarily to evaluate factors
affecting the need for blood transfusion in these pa-
tients.

METHODS

After the approval of Bursa Yiiksek Ihtisas Training
and Research Hospital Clinical Research Ethics Com-
mittee (2011-KAEK-252021/04-10), 363 women with

PP who delivered between May 2016 and May 2021
were retrospectively reviewed. Age, body mass index
(BMI), obstetric history (gravida, parity, abortion, pre-
vious uterine surgery, number of prior cesarian deliv-
eries), gestational age at delivery, delivery under
emergency or elective conditions, type of anesthesia
used, surgical maneuvers to control bleeding, intraop-
erative complications, pathology results in patients
who underwent cesarean hysterectomy and lower seg-
ment resection, re-laparotomy, amount of blood trans-
fusion, need for follow-up in the adult ICU, hospital
length of stay, postoperative complications, infants
birth weight, sex, 1% and 5™ minute Apgar scores,
NICU administration, and neonatal death were noted.
Singleton pregnancies complicated by PP after the 24"
gestational week were included in the study. Pregnan-
cies with intrauterine fetal death, fetal anomalies, mul-
tiple gestations, and insufficient data were excluded.
Patients in whom peripartum ultrasound findings
were compatible with an invasion of the placental tis-
sue (loss or irregularity of the retroplacental hypoe-
choic plane ‘clear zone’, myometrial thinning < 1 mm,
abnormal placental lacunae with turbulent flow, blad-
der wall interruption, placental bulge) and the invasion
was confirmed by the intraoperative difficult manual
removal of the placenta or the pathologic examination
of the hysterectomy and segmental resection materials
were defined as the PAS group. Patients in whom the
placenta covered the internal cervical os but without
signs of invasion were defined as the non-PAS group.
The antenatal diagnosis was obtained from medical
records. The definition of emergency and planned ce-
sarean section was made according to the patient's
clinic at the time of administration for delivery, regard-
less of the gestational week (GW), prenatal diagnosis,
and the working hours and shift hours of the hospital.
The elective surgery of patients who were diagnosed
by ultrasound during pregnancy follow-up, were he-
modynamically stable, and did not have active vaginal
bleeding and uterine contractions was defined as PCD.
Emergency surgery was defined as surgery performed
for uterine contraction, vaginal bleeding and hemody-
namic instability, regardless of prenatal diagnosis.
Gestational age was calculated from the last men-
strual period or first-trimester ultrasound. In our clinic,
we mostly progress to surgery at 36 0/7-37 6/7 weeks
of gestation for women with PP cases without PAS and
34 0/7-35 6/7 weeks of gestation for PP with PAS as
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recommended by the American College of Obstetri-
cians and Gyneclogosits (ACOGQG) [10]. Antenatal cor-
ticosteroids were not administered to the majority of
the patients because those who were admitted for a
planned section were > 34 weeks, and patients who
underwent emergency cesarean section did not have
time to wait for appropriate efficacy.

Surgical interventions to control bleeding after
pharmacologic measures were suture of the placental
bed, uterine artery ligation, internal iliac artery ligation
(ITAL), balloon tamponade, and B-Lynch suturing ac-
cording to the depth of invasion. Rapid use of radio-
logic interventions such as transarterial embolisation
was not possible under the conditions of our hospital,
thus they were not used in any of the cases. Segmental
resection was performed in cases where the depth and
surface area of the placenta accreta was limited and
the entire placenta implantation area was accessible
and visualizable. Hysterectomy was performed in
cases where there was deep invasion and surgical ma-
neuvers were insufficient. However, planned or not,
patients who completed their fertility, had deep inva-
sion in the preoperative (prior to the delivery) evalua-
tion and were predicted to have massive bleeding
underwent with the decision of preoperative cesarean
section hysterectomy. The abdomen was entered
through a mid-line vertical incision, the baby was de-
livered by performing a fundal longitudinal hystero-
tomy, the placenta was left in-situ, the uterine incision
was closed, and hysterectomy was performed after bi-
lateral IIAL to minimize blood loss.

Due to the retrospective design of the study and
because the majority of patients received intraopera-
tive and postpartum blood and blood product transfu-
sions, the change in hemoglobin levels was not
evaluated due to the high probability of bias.

Statistical Analysis

All statistical analyses were performed using the
IBM SPSS Statistics version 20 (Chicago, IL). The
normality of the distribution of continious variables
was assessed using the Kolmogorov-Smirnov test.
Categorical variables were assessed using the Chi-
square test. Student’s t-test was used for normally dis-
tributed continuous variables, and the Mann—Whitney
U test was used for non-normally distributed variables.
Multivariate logistic regression analysis was per-
formed to identify risk factors for blood transfusion

requirements. The results are reported as odds ratio
(OR) and 95% confidence intervals (95% CI).

RESULTS

In this retrospective study spanning 5 years in our
clinic, which is a referral tertiary center where the an-
nual number of deliveries is approximately 12,000, the
prevalence of PP was found as approximately 0.6%
with 363 PP cases. Further evaluation showed that the
rate of PAS cases among patients with PP was 22%
(80/363). In this study, which included 128 emergency
and 155 planned cesarean sections in non-PAS group
and 38 emergency and 42 planned cesarean sections
in PAS group, the mean maternal age was 32 years.
Although no difference was observed between the
groups in terms of demographic and clinical charac-
teristics, general anesthesia was preferred in emer-
gency cases in both groups, whereas spinal anesthesia
was used in planned cases (Table 1).

Neonatal outcomes; In both non-PAS and PAS
groups, gestational age at delivery, birth weight and
Ist and 5th minute APGAR scores were significantly
lower and NICU admission was significantly higher
in the ECD cases (p <0.001) (Table 2).

Of the 283 non-PAS patients, 131 delivered
preterm (< 37" GW) and 152 delivered term (> 37
GW) infants. While 70.2% of preterm deliveries were
ECD, 23.7% of term fetuses were delivered urgently
(p <0.001). Fourty-nine patients delivered before 37
GW and 31 patients delivered after 37" GW in PAS
group. While 61.2% of preterm deliveries were emer-
gency cesarean, 25.8% of term fetuses were delivered
urgently (p = 0.003). Birth weight, 1*' and 5" minute
APGAR scores were significantly lower and NICU
admission was significantly higher in infants born be-
fore 37 weeks of gestation in both PAS and non-PAS
groups (p <0.001) (Table 3).

Intraoperative maneuvers performed to control
bleeding did not differ in both groups whether the
cases were planned or emergency. The need for hys-
terectomy and re-laparotomy was higher in women
with PAS, regardless of whether they were emergen-
cies or planned. Although there was no difference in
terms of intraoperative complications between the
groups, all of the seven bladder injuries were in PAS
group, five in the ECD and two in the PCD cases. The
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Table 1. Demographics and baseline characteristics

PAS negative PAS positive
(n=283) (n=80)
Total ECD PCD p value ECD PCD p value
cohort (n=128) (n =155) (n=38) n=42)
(n=363)

Materal age (year) 32 (16-45) 31.14+5.5 32.19+5.76 0.12 30.39+6.93 32.07+£537  0.228
BMI (kg/m2) 25(16.5-42) 24.82(16.5-42)  25.50 (17.10-41.50) 0.604  2533+4.21 2699+5.73 0.148
Gravity 3(1-14) 3(1-8) 3 (1-14) 0.498 3(1-8) 3 (1-10) 0.167
Parity 2 (0-7) 2 (0-7) 2 (0-7) 0.463 2 (0-5) 2 (0-6) 0.263
No. of curretage 0 (0-6) 0 (0-5) 0 (0-6) 0.909 0 (0-6) 0(0-3) 0.613
Comorbidity 0.382 0.338

None 344 (94.8) 117 (91.4) 148 (95.5) 38 (100) 41 (97.6)

GDM 6 (1.7) 3(2.3) 2(1.3) 1(2.4)

GHT 7(1.9) 4@3.1) 3(1.9)

Hypothyroidy 1(0.3) - 1(0.6)

Hydronephrosis 1(0.3) - 1(0.6)

Hearth Disease 1(0.3) 1(0.8) -

Preeclampcia 2 (0.6) 2 (1.6) -

Covid-19 1(0.3) 1(0.8) -
No. of cesarean 1 (0-5) 0 (0-5) 0 (0-4) 0.469 2(0-2) 2 (0-4) 0.657
Previous myomectomy 0.527 0.051

Yes 13 (3.6) 53.9) 4 (2.6) - 4(9.5)

No 350 (96.4) 123 (96.1) 151 (97.4) 38 (100) 38 (90.5)
Anesthesia method <0.001 0.026

Spinal anesthesia 201 (55.4) 65 (50.8) 114 (73.5) 6 (15.8) 16 (38.1)

General anesthesia 162 (44.6) 63 (49.2) 41 (26.5) 32 (84.2) 26 (61.9)

Data presented as mean + SD, n (%) or median (min-max). P value < 0.05 was statistically significant. SD = standard deviation,
PAS = Placenta accrete spectrum, ECD = emergent cesarean delivery, PCD = planned cesarean delivery, BMI = body mass
index, GDM = gestational diabetes mellitus, GHT = gestational hypertension.

Table 2. Neonatal outcomes

PAS negative PAS positive
(n =283) (n =80)
Total ECD PCD p value ECD PCD p value
cohort (n=128) (n =155) (n=38) (n=42)
(n=363)
Gestational age 37 (25-40) 35 (25-39) 37 (34-40) < 0.001 34 (25-40) 37 (25-40) <0.001
Birth weight (g) 2840 2557.5 3000 <0.001 2100.13+796.40 2833.21+£545.47 <0.001
(600-4100)  (600-3850)  (1920-4100)
Fetal sex 0.800 0.535
Female 170 (46.8) 60 (46.9) 75 (48.4) 18 (47.4) 17 (40.5)
Male 193 (53.2) 68 (53.1) 80 (51.6) 20 (52.6) 25 (59.5)
1* min Apgar 9(2-9) 9(2-9) 9(7-9) <0.001 8(2-9) 9 (4-9) <0.001
5" min Apgar 10 (5-10) 10 (5-10) 10 (9-10) <0.001 9 (5-10) 10 (6-10) 0.01
Admission to NICU <0.001 0.001
Yes 67 (18.5) 36 (28.1) 7 (4.5) 18 (47.4) 6(14.3)
No 296 (81.5) 92 (71.9) 148 (95.5) 20 (52.6) 36 (85.7)

Data presented as mean + SD, n (%) or median (min-max). P values < 0.05 were statistically significant. SD = standard deviation,
PAS = placenta accreta spectrum, ECD = emergency cesarean delivery, PCD = planned cesarean delivery, NICU = neonatal

intensive care unit.
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total amount of blood and blood product transfused
was significantly higher and hospital stay was longer
(p =0.022) in patients with ECD with or without PAS
(p = 0.005) and adult ICU admission was significantly
higher in the ECD cases in non-PAS group (p =
0.016)(Table 4). There was no maternal death.

Bakri balloon tamponade (BBT) is used effec-
tively and intensively in our clinic. Intraoperative BBT
was performed in 55 emergency and 115 planned ce-
sarean deliveries with PP, but it was found to fail in
nine patients while the patients were still in the oper-
ating room and hysterectomy was performed. There
was no need for re-laparotomy in patients who under-
went BBT.

Two hundred ten of 363 patients required blood
and blood products transfusion, 58.5% of whom were
in the ECD patients. In the multilinear regression
analysis, the need for blood transfusion was found to
increase with the number of previous cesarean sections
(OR = 2.21, 95% CI: 0.716-1.396), emergency ce-
sarean section (OR = 9.9, 95% CI: 0.561-1.783), PP
with PAS (OR = 6.53, 95% CI: 0.251-3.977), general
anesthesia (OR = 2.93, 95% CI: 0.813-1.230), and

uterine artery ligation (OR = 2.092, 95% CI: 0.919-
1.088) (Table 5).

DISCUSSION

In this retrospective study, the maternal and neonatal
outcomes of the 363 cases of PP with PAS and without
PAS were compared in terms of whether they were de-
livered under emergency or planned conditions. Al-
though a high rate of antenatal diagnosis was made
(78%), our data demonstrated that 166/363 (45.7%)
cases were emergency cesarean sections. To avoid ad-
verse neonatal outcomes due to prematurity, 53 pa-
tients who were planned to deliver at Ilate
preterm-early term gestational weeks had to deliver
urgently before the specified date. General anesthesia
was preferred in emergency cases in both PAS and
non-PAS patients. In a study conducted by the anes-
thesia clinic of our hospital, evaluating 4874 patients
who underwent emergency cesarean section for 3
years, regional anesthesia rate was 78.5% in all emer-
gency cesarean sections. However it has been reported

Table 3. Neonatal outcomes by gestational week at birth

PAS negative PAS positive
(n =283) (n = 80)
Delivery <37  Delivery >37 pvalue Delivery < Delivery > 37 p value
weeks weeks 37 weeks weeks
(n=131) (n=152) (n =49) n=31)
Delivery type <0.001 0.003
ECD 92 (70.2) 36 (23.7) 30(61.2) 8 (25.8)
PCD 39 (29.8) 116 (76.3) 19 (38.8) 23 (74.2)
Birth weight (g) 2470 3060 <0.001 2350 3100 <0.001
(600-3800) (1530-4100) (595-3400) (2290-3700)
Fetal gender 0.722 0.644
Female 64 (48.9) 71 (46.7) 20 (40.8) 15 (48.4)
Male 67 (51.1) 81 (53.3) 29 (59.2) 16 (51.6)
1-min Apgar 9 (2-9) 9(7-9) <0.001 8(2-9) 9(5-9) <0.001
5-min Apgar 10 (5-10) 10 (9-10) <0.001 9(5-10) 10(6-10) <0.001
Admission to NIC <0.001 0.045
Yes 35 (26.7) 8(5.3) 19 (38.8) 5(16.1)
No 96 (73.3) 144 (94.7) 30(61.2) 26 (83.9)

Data presented as mean = SD, n (%) or median (min-max). P values < 0.05 were statistically significant. SD = standard
deviation, PAS = placenta accreta spectrum, ECD = emergency cesarean delivery, PCD = planned cesarean delivery, NICU

= neonatal intensive care unit.
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Table 4. Surgical approach and maternal outcomes

PAS negative PAS positive
(n =283) (n = 80)
Total ECD PCD p value ECD PCD p value
cohort (n =128) (n =155) (n=38) n=42)
(n =363)

Abruptio placenta - 0.290
Yes 1(0.3) - - 1(2.6) -

No 362 (99.7) 128 155 37 (97.4) 42 (100)

Uterine rupture - 0.132
Yes 2 (0.6) - - 2(5.3) -

No 361 (99.4) 128 155 36 (94.7) 42 (100)

B-Lynch suture 0.228 -
Yes 4(1.1) 3(2.3) 1(0.6) - -

No 359(98.9) 125(97.7)  154(99.4) 38 (100) 42 (100)

Uterine artery ligation 0.847 0.934
Yes 6(1.7) 2 (1.6) 2(1.3) 1(2.6) 1(24)

No 357(98.3) 126 (98.4) 153 (98.7) 37(97.4) 41 (97.6)

Hypogastric artery ligation 0.677 0.845
Yes 27 (7.4) 1(0.8) 2(1.3) 11(28.9) 13 (31)

No 336 (92.6) 127(99.2) 153 (98.7) 27 (71.1) 29 (69)

Bakri balloon 0.136 0.494
Yes 137 (37.7) 45(35.2) 68 (43.9) 10 (26.3) 14 (33.3)

No 226 (62.3) 83 (64.8) 87 (56.1) 28 (73.7) 28 (66.7)

Uterine lower segment resection - 0.286
Yes 12(3.3) - - 4 (10.5) 8(19)

No 351 (96.7) 128 155 34 (89.5) 34 (81)

Hysterectomy 0.453 0.165
Yes 58 (16) 2 (1.6) 1(0.6) 29 (76.3) 26 (61.9)

No 305 (84) 126 (98.4) 154 (99.4) 9(23.7) 16 (38.1)

Relaparotomy - 0.918
Yes 4(1.1) - - 2(5.3) 2(4.8)

No 359 (98.9) 128 155 36 (94.7) 40 (95.2)

Blood transfusion 1(0-12) 1(0-7) 0(0-5) 0.024 4 (0-12) 2.5 (0-8) 0.030

Fresh-frozen Plasma 0 (0-20) 0 (0-7) 0 (0-4) 0.002 4 (0-20) 2 (0-8) 0.01

Bladder injury - 0.184
Yes 7(1.9) - - 5(13.2) 2 (4.8)

No 356 (98.1) 128 155 33 (86.8) 40 (95.2)

Bowel injury 0.270 -
Yes 1(0.3) 1(0.8) - - -

No 362(99.7)  127(99.2) 155 38 42

Ureteral injury 0.270 -
Yes 1(0.3) 1(0.8) - - -

No 362 (99.7) 127 (99.2) 155 38 42

Pulmonary emboli - 0.290
Yes 1(0.3) - - 1(2.6) -

No 362 (99.7) 128 155 37(97.4) 42

Wound infection - 0.498
Yes 3(0.8) - - 2(5.3) 1(24)

No 360 (99.2) 128 155 36 (94.7) 41 (97.6)

Intensive care unit 0.016 0.511
None 210 (57.8) 73 (57) 109(70.3) 11(28.9) 17 (40.5)
Intermediate intensive care 109 (30) 45 (35.2) 31(20) 18 (47.4) 15 (35.7)

Intensive care 44 (12.2) 10 (7.8) 15(9.7) 9(23.7) 10 (23.8)
Hospital stay after delivery (day) 3 (1-19) 3 (1-19) 3 (1-19) 0.039 7 (2-14) 5@3-11) 0.003

Data presented as mean + SD, n (%) or median (min-max). P values < 0.05 were statistically significant. SD = standard deviation,
PAS = placenta accrete spectrum, ECD = emergency cesarean delivery, PCD = planned cesarean delivery.
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Table 5. Multiple linear regression analysis for risk factors associated with blood transfusion

requirement
B S.E. p value O.R. 95% CI
Lower Upper

Materal age (year) 0.011 0.011 0.351 -0.935 0.955-1.048
BMI (kg/m?) 0.015 0.013 0.239 0.239 0.965-1.037
Nunmber of cesareans 0.146 0.066 0.028 2.207 0.716-1.396
ECD/PCD 1.703 0.172 <0.001 9.928 0.561-1.783
PAS 2.038 0.312 <0.001 6.529 0.251-3.977
Anesthesia method 0.418 0.143 0.004 2.926 0.813-1.230
Hysterectomy 0.241 0.341 0.481 0.706 0.262-3.819
Uterine lower segment resection 0.511 0.429 0.235 -1.191 0.697-1.435
Hypogastric artery ligation 0.330 0.302 0.275 1.093 0.654-1.529
Uterine artery ligation 1.090 0.521 0.038 2.092 0.919-1.088
Relaparotomy 1.225 0.623 0.050 1.968 0.855-1.169

B = standardized regression coefficient, SE = standard error, OR = odds ratio, CI = confidence interval, PAS = placenta
accreta spectrum, ECD = emergency cesarean delivery, PCD = planned cesarean delivery. P-values with statistical

significance (p < 0.05) are shown in bold.

that general anesthesia was applied 51% of class 1
emergency cesarean sections,including placenta previa
cases, where there was maternal and fetal life-threat-
ening conditions and high ASA( AmericanSociety of
Anesthesiologists) scores [11].

Although ECD was found to be associated with
worse neonatal outcomes, it was observed that prema-
turity (< 37" GW at delivery) was significantly higher
in patients who were delivered urgently. In our study
,which conducted in a tertiary referral hospital with an
available operating room, blood bank, experienced
surgical team and appropriate neonatal care conditions
twenty-four-hours-a-day,seven-days-a-week, adverse
neonatal outcomes in the emergency cases appeared
to be related to prematurity.

Although there was no difference in maternal out-
comes in terms of the surgical approach and intraop-
erative complications, the need for blood transfusion
was greater and hospital stay was longer in the ECD
cases in both non-PAS and PAS groups. Adult ICU ad-
mission was greater in non-PAS group in cases of ur-
gent delivery.

PP complicated approximately 0.6% of deliveries
during the study period. Although our rate of PAS
cases (22%) was similar to that in the study of Levin
et al. [12] (PP: 0.6%; PAS: 19.2%), PAS cases were
well above the 12,6% rate stated in the literature [13].

We concluded that this might be due to our hospital
being an affiliated referral hospital.

Thirty-eight of our patients were nulliparous, one
had a history of myomectomy, and three had a history
of curettage due to recurrent pregnancy loss, but all
were patients with non-PAS. The increase in placenta
previa, especially placental invasion anomalies, with
increasing cesarean section has been shown in many
studies [12, 14]. However, other risk factors also affect
the presence of PP. With advanced maternal age, the
rate of sclerotic changes on intramyometrial arteries
increases, which reduces placental blood flow [15]. In
our study, we found that the mean maternal age was
32 years, which is consistent with other studies and
very high [16]. Tuzovic et al. [17] showed that women
aged over 30 years were at 2.5 times higher risk for
developing PP. The increase in the rate of patients
being multiparous with increasing maternal age may
also contribute to the development of PP.

Although studies have been performed to deter-
mine the most appropriate week of birth to balance
neonatal and maternal risks in PP cases, optimal de-
livery timing remains controversial [10, 18, 19]. Pro-
longing pregnancy in women with PP will increase the
probability of encountering unscheduled and preterm
deliveries. It has been reported that the number of
bleeding episodes and the need for blood transfusion
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in the antenatal period [20], and the increased number
of cesarean sections [21] can predict preterm births in
women with PP. Although the appropriate gestational
week interval for the delivery of these patients is not
specified in the guidelines, it may contribute to indi-
vidualization in planning the delivery time. The high
rates of early gestational age at birth in ECD cases in
both non-PAS nad PAS groups in our study was not
suprising and suggested that the worse neonatal out-
comes in ECD cases was mainly associated with pre-
maturity. In the study of Durukan et al. [21], in which
similar results were obtained, there was no difference
in the NICU need of infants when they evaluated term
infants (> 37" GW). Levin et al. [12] reported that ad-
verse neonatal outcomes were related to emergency
delivery and general anesthesia, and that early gesta-
tional age at birth and general anesthesia were inde-
pendently associated and modifiable factors with
neonatal adverse outcomes.

PP is associated with adverse outcomes such as
peripartum hysterectomy, blood transfusion, postpar-
tum hemorrhage, and sepsis due to massive antepar-
tum and intrapartum hemorrhage. [22]. Asicioglu et
al. [13] stated that intraoperative estimated blood loss,
vascular and surrounding organ damage and hysterec-
tomy rates were higher in emergency delivery cases
with PP, and emergency cases required more blood
transfusion.

In the current study, while intraoperative manage-
ment, complications, hysterectomy, and re-laparotomy
rates did not differ between emergency and planned
deliveries, adult ICU admission and longer hospital
length of stay were more common in the ECD group.
The amount of blood and blood products transfused to
patients with and without PAS was higher in emer-
gency cases. Durukan et al. [21] reported that planned
cesarian delivery was associated with higher hemo-
globin values, lower rates of blood transfusion, shorter
hospital stay, and better maternal outcomes in both
PAS and non-PAS cases. In a study limited to patients
with non-PAS PP, Erfani et al. [19] reported that com-
posite maternal morbidity would not be affected by
ECD or PCD in their tertiary center. However, when
the results of the aforementioned study were examined
in detail, it was seen that there was no difference in
terms of intraoperative complications but the lenght
of hospital stay was longer in the emergency cesarean
section group, similar to our study.

A recent study listed risk factors associated with
blood transfusion in PP cases as previous cesarean sec-
tion, anterior PP, major PP, preoperative bleeding, and
emergency cesarean section [23]. In our current study,
in which data on antenatal bleeding episodes and esti-
mated blood loss were missing, we found that the need
for blood transfusion in PP cases was associated with
the increasing number of previous cesarean sections,
emergency cesarean section, PAS, uterine artery liga-
tion and general anesthesia. These findings may be
useful in the risk assessment of patients and commu-
nication with the blood bank during the preoperative
preparation process.

Limitations

The limitations of the study were its retrospective
design and the fact that antenatal bleeding episodes
and estimated blood loss were not evaluated. On the
other hand, the large sample size, the evaluation of pa-
tients with both PAS and non-PAS, and that all surger-
ies were performed in the same fashion by an
experienced surgical team are the strengths of the
study.

CONCLUSION

Emergency cesarean delivery had negative effects on
maternal and neonatal outcomes in women with PP.
Efforts should be made to prolong pregnancy, as pre-
maturity has a significant effect on adverse neonatal
outcomes. It is beneficial to perform planned deliver-
ies with these patients in reference hospitals where ex-
perienced surgical teams, consultant subspecialty
surgeons, suitable operating room conditions, blood
banks, and ICUs are available to care for both mother
and infant.

Ethical approval

Ethics approval for this retrospective study was
granted by the Clinical Research Ethics Committee of
Bursa Yiiksek Ihtisas Traning and Research Hospital
on 28/04/2021 with the Registration Number: 2011-
KAEK-25 2021/04-10 The study complied with the
principles of the Declaration of Helsinki. All patients
signed informed consent forms before undergoing sur-
gery, allowing their medical records to be used for re-
search purposes.

366

The European Research Journal « Volume 8 « Issue 3 «May 2022



Eur Res J 2022;8(3):359-367

Tasgoz et al

Authors’ Contribution

Study Conception: FNT, NNY, NKE, EKI, FY;
Study Design: FNT, NNY, NKE, EKI, FY; Supervi-
sion: FNT, NNY, NKE, EKI, FY; Funding: FNT, EK1,
FY; Materials: N/A; Data Collection and/or Process-
ing: FNT, EKI, FY; Statistical Analysis and/or Data
Interpretation: FNT, NNY, NKE; Literature Review:
FNT, NNY, NKE, EKI, FY; Manuscript Preparation:
FNT, NNY, NKE and Critical Review: FNT, NNY,
NKE, EKi, FY.

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. Reddy UM, Abuhamad AZ, Levine D, Saade GR; Fetal Imag-
ing Workshop Invited Participants. Fetal imaging: Executive
summary of a joint Eunice Kennedy Shriver National Institute of
Child Health and Human Development, Society for Maternal-
Fetal Medicine, American Institute of Ultrasound in Medicine,
American College of Obstetricians and Gynecologists, American
College of Radiology, Society for Pediatric Radiology, and So-
ciety of Radiologists in Ultrasound Fetal Imaging Workshop. J
Ultrasound Med 2014;33:745-57.

2. Sheiner E, Shoham-Vardi I, Hallak M, Hershkowitz R, Katz
M, Mazor M. Placenta previa: obstetric risk factors and preg-
nancy outcome. J Matern Fetal Med 2001;10:414-9.

3. Jauniaux E, Grenbeck L, Bunce C, Langhoft-Roos J, Collins
SL. Epidemiology of placenta previa accreta: a systematic review
and meta-analysis. BMJ Open 2019;9:¢031193.

4. Getahun D, Oyelese Y, Salihu HM, Ananth CV. Previous ce-
sarean delivery and risks of placenta previa and placental abrup-
tion. Obstet Gynecol 2006;107:771-8.

5. Korosec S, Ban Frangez H, Verdenik I, Kladnik U, Kotar V,
Virant-Klun I, et al. Singleton pregnancy outcomes after in vitro
fertilization with fresh or frozen-thawed embryo transfer and in-
cidence of placenta praevia. Biomed Res Int 2014;2014:431797
6. Kumru P, Demirci O, Erdogdu E, Arisoy R, Ertekin AA, Tugrul
S, et al. The Bakri balloon for the management of postpartum
hemorrhage in cases with placenta previa. Eur J Obstet Gynecol
Reprod Biol 2013;167:167-70.

7. Tantbirojn P, Crum CP, Parast MM. Pathophysiology of pla-
centa creta: the role of decidua and extravillous trophoblast. Pla-

centa 2008;29:639-45.

8. Vahanian SA, Lavery JA, Ananth CV, Vintzileos A. Placental
implantation abnormalities and risk of preterm delivery: a sys-
tematic review and metaanalysis. Am J Obstet Gynecol 2015;
213:S78-90.

9. Salihu HM, Li Q, Rouse DJ, Alexander GR. Placenta previa:
neonatal death after live births in the United States. Am J Obstet
Gynecol 2003; 188:1305-9.

10. ACOG Committee Opinion No. 764: medically indicated
late-preterm and early-term deliveries. Obstet Gynecol
2019;133:e151-5.

11. Karaca U, Ozgiinay OS, Ata F, Kiligarslan N, Yilmaz C,
Karasu D. [Our experiences of anesthesia in emergency cesarean
sections]. JARSS 2020;28:275-80. [Article in Turkish]

12. Levin G, Rottenstreich A, Ilan H, Cahan T, Tsur A, Meyer R.
Predictors of adverse neonatal outcome in pregnancies compli-
cated by placenta previa. Placenta 2021;104:119-23.

13. Asicioglu O, Sahbaz A, Giingdrdiik K, Yildirim G, Asicioglu
BB, Ulker V. Maternal and perinatal outcomes in women with
placenta praevia and accreta in teaching hospitals in Western
Turkey. J Obstet Gynaecol 2014;34:462-6.

14. Silver RM, Landon MB, Rouse DJ, Leveno KJ, Spong CY,
Thom EA, et al. Maternal morbidity associated with multiple re-
peat cesarean deliveries, Obstet. Gynecol 2006;107:1226-32.
15. Ananth CV, Wilcox AJ, Savitz DA, Bowes WA Jr, Luther ER.
Effect of maternal age and parity on the risk of uteroplacental
bleeding disorders in pregnancy. Obstet Gynecol 1996;88:511-6
16. Batmaz G, Molla F, Molla T, Ozcan P, Dansuk R, Dane B.
[Retrospective analysis of patients with placenta previa]. Med
Bull Haseki 2015;53:299-302. [Article in Turkish]

17. Tuzovic L, Djelmis J, Ilijic M. Obstetric risk factors associ-
ated with placenta previa development: Case-control study. Croat
Med J 2003;44:728-33.

18. Zlatnik MG, Little SE, Kohli P, Kaimal AJ, Stotland NE,
Caughey AB. When should women with placenta previa be de-
livered? A decision analysis. J Reprod Med 2010;55:373-81.

19. Erfani H, Kassir E, Fox KA, Clark SL, Karbasian N, Salman-
ian B, et al. Placenta previa without morbidly adherent placenta:
comparison of characteristics and outcomes between planned and
emergent deliveries in a tertiary center. ] Matern Fetal Neonatal
Med 2019;32:906-9.

20. Ruiter L, Eschbach SJ, Burgers M, Rengerink KO, van Pam-
pus MG, van der Goes BY, et al. Predictors for emergency ce-
sarean delivery in women with placenta previa. Am J Perinatol
2016;33:1407-14.

21. Durukan H, Durukan OB, Yazici FG. Planned versus urgent
deliveries in placenta previa: maternal, surgical and neonatal re-
sults. Arch Gynecol Obstet 2019;300:1541-9.

22. Rosenberg T, Pariente G, Sergienko R, Wiznitzer A, Sheiner
E. Critical analysis of risk factors and outcome of placenta previa.
Arch Gynecol Obstet 2011;284:47-51.

23. Titapant V, Chongsomboonsuk T. Associated factors of blood
transfusion for caesarean sections in pure placenta praevia preg-
nancies. Singapore Med J 2019;60:409-13.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

The European Research Journal « Volume 8 « Issue 3 « May 2022

367



The European Research Journal 2022;8(3):368-374 Original Article

Internal Medicine

DOI: 10.18621/eurj.956277

The problems related to internal medicine
consultations in the emergency department

Celaleddin Demircan'®, Vildan Giirsoy'®, Sule Akkose Aydin’®

Department of Internal Medicine, Bursa Uludag University School of Medicine, Bursa, Turkey, ?Department of Emergency Medicine,
Bursa Uludag University School of Medicine, Bursa, Turkey

ABSTRACT

Objectives: Overcrowding in the Emergency Department (ED) is a serious and growing problem during recent
years and one of the main causes of it is dysfunctional consultation system. We aimed to determine the problems
related to patients who were admitted to the ED and requested consultations from internal medicine (IM)
physicians and to contribute to the gap in the literature regarding this isssue.

Methods: In a period of one year, 3601 patients, who were admitted to the ED of a university hospital and
were consulted by IM physicians were included in this prospective cross-sectional study. The epidemiological
characteristics of patients, length of ED stay and consultation-related problems were investigated.

Results: The most common problems related to consultations were delayed completion of the consultation
procedures for 88 (2.4%) patients, and unnecessary consultation requests for 66 (1.8%) patients, and patient
referrals with inappropriate indications from IM outpatient clinics to the ED for 53 (1.5%) patients. There were
differences of opinion among IM physicians and emergency medicine specialists regarding the need for
consultation for 36 (1%) patients. The most important difference was in the various infections seen in patients
with histories of hematologic or solid organ malignancies (n =9).

Conclusions: According to these findings, good collaboration must be established among ED physicians and
consultant physicians. Furthermore, physicians must avoid inappropriate referral patients from outpatient clinics
to the ED. Additionally, unnecessary consultation requests from the ED must be avoided, and consultation
requests must be addressed quickly.

Keywords: Consultation, emergency department, internal medicine

One of the most significant problems of emer-
gency departments (EDs) during recent years is
the increasing number of patients. The main causes for
this include increased non-emergency admission to the
ED, lack of available hospital beds, dysfunctional con-
sultation and referral systems and delay of diagnostic
examinations and interventional procedures. Accord-
ingly, patient ED length of stay may be prolonged,
treatment of patients with severe disease may be de-
layed, workload and stress of ED personnel may in-

crease, dissatisfaction of patients and their relatives
may also increase and a situation of general chaos and
inadequacy may occur in the EDs [1-5].

Patients may be admitted to ED with very different
clinical presentations and degrees of urgency. Accurate
and rapid management of these very different cases by
an ED physician is not possible. Therefore, consulta-
tion, is needed in the management of some special pa-
tient groups in the ED, for some special diagnostic
tests, treatments and interventions, as well as hospi-
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talization or referral of some patients to other hospitals
[6-9]. Internal Medicine (IM) is one of the depart-
ments that is most frequently requested consultation
by ED physicians [10, 11]. The IM department in-
cludes the divisions such as Gastroenterology, Oncol-
ogy, Nephrology, Hematology, Endocrinology and
Rheumatology. Accordingly, IM addresses a wide
spectrum of diseases. Patients who have various sever-
ities of these diseases are frequently admitted to the
ED. In the literature, we could not find a detailed re-
search of the problems related to function of the con-
sultation system among ED and IM physicians.

The aim of this study is to analyse in detail the
consultation-related problems for patients admitted to
the ED of Bursa Uludag University Hospital in
Turkey, who were requested a consultation from IM
physicians. It is hoped that this study will address the
research gap regarding this issue. Additional aims are
to ensure that proactive plans are made to remove the
deficiencies in ED consultation procedures in our hos-
pital, and to ensure that a more effective and rapidly
working consultation system is established among ED
and IM physicians.

METHODS

In this prospective study., the parameters to be evalu-
ated were determined after a one-month pilot study.
After approval by the local Medical Research Ethics
Committee., the study included 3601 patients who
were admitted to the ED and requested consultation
from IM physicians within a one-year period between
February 2012 and February 2013. Firstly, a senior re-
search assistant of the IM Department first evaluated
the patient who was requested the consultation. The

procedure was then concluded either by consultation
with a specialist from the relevant division(s) of the
IM department (Gastroenterology, Oncology,
Nephrology, Hematology, Endocrinology and
Rheumatology divisions had inpatient clinics during
the study period) or by reevaluation of the patient with
a specialist. Data were recorded on the pre-prepared
form.

Statistical Analysis

All data were analyzed using the SPSS version
13.0 statistical software package. Mann-Whitney U
test was used for comparing binary groups when sig-
nificant differences were present. For descriptive val-
ues, mean (+/- standard deviation) or median and
range (minimum-maximum) were given for continu-
ous variables according to the distribution structure of
data. Number (n) and percent (%) values were given
for categorical variables.

RESULTS

In a one-year period, 85,585 patients were admitted to
the ED. 3601 (4.2%) patients of them were consulted
by IM department physicians. By gender, 2025 pa-
tients (56.2%) were male and 1576 (43.8%) were fe-
male. Their mean age (+ standard deviation) was 57 =
16.6 years and age range were 18-104.

Among the patients, 1740 (48.3%) were dis-
charged from the ED, 51 (1.4%) died in the ED, 182
(5.1%) were referred to other hospitals because of lack
of available beds, and 1628 (45.2%) were transferred
to inpatient clinics. Among the last group, 1351 (83%)
were hospitalized to different divisions of IM clinics,
and 277 (17%) to other medical and surgical clinics

Table 1. Distribution of the patients according to time to completion of IM consultations and ED

length of stay

Time

Number of patients

Time to completion of IM consultations
676 (18.8%)
3048 (84.7%)
3462 (96.1%)
3530 (98,0%)

Less than 30 minutes
Less than 3 hours
Less than 8 hours
Less than 12 hours
More than 24 hours

ED length of stay
69 (1.9%)
1180 (32.8%)
2652 (73.6%)
3075 (85.4%)

3 (0.08%) 33 (0.9%)

IM = internal medicine, ED = emergency department
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Table 2. Distribution of reasons for prolonged ED length of stay

Reasons of prolonged ED length of stay of the patients

Number of
patients

Waiting due to lack of available hospital beds

Waiting due to delay in completion of consultation procedure

704 (19.6%)
129 (3.6%)

Due to difficulty in reaching consultant physician or delay in concluding the

consultations (n = 88, 2.4%)

Waiting for completion of consultations in patients with multiple

requirements (n =41, 1.1%)

consultation

Waiting for completion of treatment, replacement therapy and monitoring treatment of patient 68 (1.9%)
in ED

Waiting for endoscopy (gastroscopy, colonoscopy) 33 (0.9%)
Waiting for dialysis 15 (0.4%)
Total 949 (26.4%)

ED = emergency department

for their primary diseases. When evaluated according
to IM divisions, 1047 (27.4%) patients were consulted
by Gastroenterology, 935 (24.5%) by Oncology, 883
(23.2%) by Nephrology, 631 (16.5%) by Hematology,
258 (6.8%) by Endocrinology and 62 (1.6%) by
Rheumatology.

In our study, we evaluated the time to completion
of IM consultation procedures and observed that con-
sultations were completed in under 3 hours for 84.7%
of patients (Table 1). The mean time to completion
was 121 min, and the median time was 74 min (range
10 to 2160 minutes). There was no significant differ-
ence between the divisions of the IM clinics when the
mean time to completion of consultation were com-
pared to patients who were hospitalized in IM division
clinics (p < 0.05). The mean and median ED length of
stay were 403.1 minutes and 284 minutes (range 21 to
2900 minutes), respectively. Although the ED length
of stay was not more than 8 hours according to the ED
Operating Procedure of our hospital, this target period
was exceeded in 949 patients (26.4%). Reasons for

these situations are shown in Table 2.

Of the patients who were consulted by IM physi-
cians in the ED, 165 (4.6%) were referred from differ-
ent outpatient clinics to the ED, and 147 of them were
referred from IM outpatient clinics [Oncology (n = 44,
26.6%), Gastroenterology (n =30, 18%), Nephrology
(n=28, 17%), Endocrinology (n= 19, 11.5%), Hema-
tology (n = 19, 11.5%), Rheumatology (n = 4, 2.4%)
and General Internal Medicine (n = 3, 2%)]. ninety-
four of these patients were referrred from IM outpa-
tient clinics to the ED for emergent medical reasons
such as acute leukosis, gastrointestinal bleeding, urea
and creatinine elevation, electrolyte imbalance, im-
paired general condition, fever and diabetic ketoaci-
dosis. Fifty-three patients were referred to ED for
inappropriate reasons (Table 3).

When evaluating inappropriateness related to con-
sultations, we observed that the most common consul-
tation-related problems were delay in completion of
consultation procedures by IM physicians (n = 88,
2.4%) and unnecessary consultation requests by ED

Table 3. Distribution of patients according to the appropriateness of referrals from IM outpatient

clinics to the ED

Appropriateness of referrals from IM outpatient clinics to the ED

Number of patients

Appropriate referrals - referrals with emergent medical reasons

Inappropriate referrals

94 (2.6%)
53 (1.5%)

For hospitalization purposes to other inpatient clinics through ED (n =40, 1.1%)

For some treatments in ED (n =9, 0.2%)

For some laboratory and radiologic examinations in ED (n =4, 0.1%)

Total

147 (4.1%)

IM = internal medicine, ED = emergency department
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physicians (n = 66, 1.8%).

According to IM physicians, there were no indi-
cations found for 66 emergent consultations after eval-
uation of consultation requests. 62 (95%) of these
consultation requests were made between 4 PM and
midnight, the period when patients were overcrowded
in ED. When the files of these 66 patients were subse-
quently re-examined by an ED specialist, it was found
that there was no need to request consultations for 30
of these patients, while it was necessary to ask for con-
sultations for 36 patients (Table 4). Consultation re-
quests that were deemed to be inappropriate both by
IM physicians and ED specialist were presence of
mild thrombocytopenia with infectious diseases (n =
5), acute calcular cholecystitis (n = 3), postrenal acute
renal failure (n = 3), acute abdomen (n = 2), presence
of upper respiratory tract infection in patient with solid
organ malignity in cure status (n = 2), mild transami-
nase elevation (n = 2), mild electrolyte disorders (n =
2), presence of mild ketonuria in the patient admitted
due to suicide (n = 2), presence of upper respiratory
tract infection in patient with compensated chronic
renal failure (n = 2), presence of cystitis in the patient
with compensated cirrhosis (n = 2), mild creatinine el-
evation (n = 2), mild hypercalcemia (n = 1), presence
of upper respiratory tract infection in the patient with
Takayasu arteritis (n = 1), presence of mild thrombo-

cytopenia in the patient with fracture (n = 1).

DISCUSSION

Consultation is frequently used in EDs during patient
assessment. According to various studies in different
countries, it is notified that the rate of consultation re-
quests ranges between 20% and 56.4% of ED patients
[8, 11-13]. In areview of 12 studies, Lee et al. [14] re-
ported a consultation rate of between 20% and 40% in
the ED. In the studies conducted in different university
hospitals of our country, consultation request rates in
EDs were reported to be between 19.7% and 39.1%
[15-18].

Most patients who are admitted to EDs have pri-
mary problems related to internal medicine. It was re-
ported IM consultations (3-12.7%) were the most
common of all ED consultations in several studies [10,
11, 15-18]. In another study, Brick ez al. [11] analyzed
the data of 841 patients, who were admitted to ED of
a tertiary hospital in Edmonton, Canada in 2010 and
reported that the most frequent consultations were re-
quested from the IM and Cardiology departments, re-
spectively, and the most frequently second
consultation was requested from IM department. In 2
studies previously performed in the ED of our hospi-

Table 4. Clinical situations in which IM physicians and ED specialist have differing opinions on

the appropriateness of consultation requests

Consultation requests Number of
patients

Various infections observed in patients with histories of hematological or solid organ malignancy 9

treatment in the past

Mild diabetic ketosis cases

Presence of mild cytopenia with different infectious cases

Consultation requests which may be requested in clinics, made in ED for patients with internal 3

medicine problems, who were hospitalized other department clinics due to primary disease

In order to ensure an early appointment for patient’s next clinic control, although his/her internal 3

problem is not urgent

Acute noncalculous cholecystitis 2

Mild anemia 2

Presence of ascites in the patient with heart failure 2

Others (corrosive substance admission in small quantities, mild thrombocytopenia in the patient 3

with thalassemia, presence of multinodular goitre in the patient with maculopapular lesions)

Total 36 (1%)

IM = internal medicine, ED = emergency department
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tal, consultations were requested most frequently from
the IM department, with rate of 10.8% and 6.3%, re-
spectively [10, 18].

Emergency service procedures should be fast. In
our study, 84.7% and 96.1% of consultations requested
from the IM department were completed within 3
hours and within 8 hours, respectively. The completion
time for consultations exceeded 24 hours only in the
case of 3 patients (0.08%). In a study by Aygencel et
al. [17] regarding the epidemiology of IM department
consultations in the ED of a university hospital in
Ankara, Turkey, they reported that 86.6% of IM de-
partment consultations were concluded within 48
hours. The main reasons for quicklier completion of
IM consultations in our study were as follows: the lab-
oratory tests required for the patient prior to the con-
sultation were substantially performed by ED
physicians and IM consultation requests were quickly
responded by a senior IM department research assis-
tant whose sole task was to evaluate the consultations.

While the mean time to completion of IM consul-
tations was 121 min, the mean length of stay in ED
was 403.1 min and the length of stay was more than §
hours for 26.4% of patients (n = 949). Although the
time to consultation completion was short in our study,
the primary cause for prolonged ED stays was the lack
of available clinic beds (74.2%). Various studies from
the USA, Taiwan and Spain reported that the most
common cause of ED patient overcrowding was lack
of available clinic beds [19-22].

In our study, 147 of the patients undergoing IM
consultations were referred to the ED from IM outpa-
tient clinics. It was determined that 53 of these refer-
rals were inappropriate and most of them (n = 40)
were referred to ensure transfer from the ED to other
department clinics with available beds when no beds
were available in IM clinics. According to a study by
Howard et al. [23], some of the reasons for ED visits
from non-urgent patients include direct referrals by
their primary physicians, difficulties obtaining ap-
pointments with their physicians and patient belief that
they should be examined as soon as possible by emer-
gency services.

Overcrowding of patients in the ED is one of the
reasons that ED physicians request many unnecessary
consultations. In our study, it was reported that the
consultations requested by the ED were unnecessary
in 66 cases (1.8%) according to the IM physicians. The

most important reason for unnecessary consultations
was inadequate assesment of presenting complaints
and/or clinic and laboratory examination results by ED
physicians during the initial examination of the patient
due to the intense ED workload in the evening hours
when the number of patients was the highest. In a sur-
vey study [24] was conducted of 439 emergency
physicians and consultant physicians from 6 hospitals
in Turkey to research problems and solutions related
to ED consultations. The 3 most significant problems
for consultant physicians were “patients who need
consultations were not sufficiently examined by an ED
physician”, “not having enough information in the pa-
tients’ file” and “invitation of unnecessary consulta-
tion”. The 3 most significant problems for ED
physicians were “trying to complete the diagnostic
procedures for patients in the ED”, “trying to treat pa-
tients who need hospitalization in the ED” and “not
finishing the consultation with a definite statement and
writing re-consultation forms”.

In the case of 36 patients, it was determined that
there was difference of opinion between emergency
physicians and IM physicians regarding suitability of
consultation. The most common reason for these dif-
ferent views included various infections in patients
with histories of malignancy, diabetic ketosis cases
and cases of mild cytopenia in patients with infectious
diseases. Accordingly, consensus meetings between
ED and IM physicians should be held regarding these
controversial cases so that appropriate decisions can
be made.

Limitations

Although we think that it is a suitable example in
terms of consultation-related problems in third level
EDs in our country, the main limitation of our study
was that there was only one center data. There may be
differences in health systems according to countries,
especially in ED operation procedures and consulta-
tion and referral systems. Therefore, it is possible that
there may be some differences depending on the coun-
tries in consultation-related problems and solution pro-
posals.

CONCLUSION

According to the results of our study, the most impor-
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tant consultation-related problems were delay in com-
pletion of consultation procedures by IM physicians,
unnecessary consultation requests by ED physicians
and inappropriate referrals from IM outpatient clinics
to ED. Also controversial situations regarding the need
for consultation among IM and ED physicians were
exemplified. To resolve of these problems is that good
collaboration must be established among ED physi-
cians and consultant IM physicians. Additionally, we
hope that our study will be a model for similar inves-
tigations in other hospitals.
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ABSTRACT

Objectives: This study is designed to evaluate the utility of strain elastography in the differentiation between
healtly thyroid parenchyma and residual/recurrent thyroid parenchyma after partial thyroidectomy.

Methods: Gray-scale ultrasonography (B-mode US) and strain elastography were performed in patients who
had undergone partial thyroidectomy due to benign thyroid diseases and volunteers as a control group without
any throid disease. The elasticity scores and strain rate values of thyroid parenchyma were obtained in two
groups and compared. The strain elastography of the patient and control groups were analyzed with the Pearson
Chi-Square test. Strain rates for both groups were compared with the Manny-Whitney U test. Ethical approval
and permissions were obtained from legally authorized representatives and patients.

Results: There were 94 cases in total, 47 cases (4 male, 43 female; mean age: 51 + 12.9 years, ranging between
25-79) in the patient group and 47 cases (11 male, 36 female; mean age: 36.8 = 11.5 years, ranging between
19-71) in the control group. The strain rate of the right (2.22 + 1.9) and left thyroid lobe (1.9 £ 1.9) were
significantly higher than control group (1.05 = 0.6 and 0.8 & 0.5, respectively; p = 0.002 and p = 0.043).
Conclusions: The elasticity of thyroid parenchyma after partial thyroidectomy differs from healthy thyroid
tissue, which may be helpful in differentiation between residual parenchymal changes in thyroid from malignant
lesions with strain elastography.

Keywords: Thyroidectomy, strain elastography, residual, recurrence

hyroid diseases are fairly common in the popula-

tion. Diffuse (simple) and nodular goiter may be
encountered [1]. The first imaging method of choice
in the diagnosis of thyroid diseases is thyroid ultra-
sonography (US) [2]. The US identifies the location,
volume, parenchymal structure, presence, and the
number of nodules and may be helpful in differentia-
tion between the cystic-solid nodule and benign-ma-
lignant thyroid nodules [3]. Thyroid US is also the

mainstay imaging technique in the evaluation of resid-
ual or recurrent thyroid disorders.

Despite all the benefits, B-mode US is not specific
and sensitive enough to evaluate thyroid disorders.
Therefore, an increasing number of studies have been
conducted on the use of strain elastography (SE) in
evaluating thyroid parenchyma and its pathologies [4].
SE is a method based on measuring the stiffness and
elasticity of tissue. In strain elastography, tissue stiff-

Received: April 7, 2021; Accepted: June 13, 2021; Published Online: March 8, 2022

"Q’o

How to cite this article: Gul Y, Kilicarslan G, Ozkan Z, Balaban M. The utility of strain elastography in differentiation between healthy thyroid

3 parenchyma and residual/recurrent thyroid parenchyma disorders. Eur Res J 2022;8(3):375-382. DOI: 10.18621/eurj.909077

cissw:29319 - Address for correspondence: Yeliz Gul, MD., Associate Professor, Elazig Fethi Sekin City Hospital, Department of Radiology, Ulukent Mah., Dogukent
Mevkii, 23280 Elazig, Turkey. E-mail: yeliz_gul78@hotmail.com, GSM: +90 505 295 35 75, Fax: +90 424 212 14 61

“Copyright © 2022 by Prusa Medical Publishing
Available at hitp://dergipark.org.tr/eurj

The European Research Journal « Volume § « Issue 3+ May 2022

375


http://orcid.org/0000-0002-6752-6838
http://orcid.org/0000-0001-9280-3254
http://orcid.org/0000-0002-8800-7973
http://orcid.org/0000-0001-9026-4787

Eur Res J 2022;(3):375-382

Strain elastography in healthy thyroid parenchyma versus residual/recurrent thyroid parenchyma

ness is measured by applying external force (compres-
sion) [4, 5] while tissue elasticity is measured by qual-
itative (color coding-elasticity score- ES) and
semi-quantitative (strain rate measurement) methods.
Diagnostic utility of SE in the assessment of thyroid
parenchymal diseases and differentiation between be-
nign and malignant in thyroid nodules was found com-
parable with fine-needle aspiration biopsy (FNAB)
[5].

The recurrence rate of thyroid nodules and the rate
of incidental malignancy in thyroid parenchyma after
subtotal and total thyroidectomies are not infrequent
[6]. The second surgery to be performed is quite risky
in terms of the recurrent nerve injury and development
of hypoparathyroidism [7]. The B-mode US may be
insufficient in the evaluation of residual/recurrent tis-
sue and the differentiation of malignant-benign lesions
in the area where thyroidectomy is performed. Thus,
it is essential to know if there exists a difference be-
tween US-E examination findings in an operated and
non-operated thyroid parenchyma. In addition, US-E
may be useful in examining the area where post-sur-
gical fibrous tissue development is expected. No stud-
ies regarding the utility of US-E in patients who
underwent thyroid surgery have been found in the lit-
erature. A better understanding of the elasticity
changes in the area of thyroidectomy, and revealing
masses or visual differences may help to prevent in-
vasive procedures such as FNAB or surgery.

Therefore, this study aims to compare the US-E
findings of residual changes and recurrent diseases in
postoperative thyroid parenchyma with normal thyroid
parenchyma.

METHODS

Study Design and Study Population

Ethical approval of this study was obtained from the
Firat University Medical Faculty “Non-Interventional
Clinical Research Ethics Board” of the authorized
ethics committee (Number of decision: 2020/06-29).
The study was conducted in accordance with the
Helsinki declaration and, with informed consent was
obtained from the participants. A total of 47 patients
aged between 18-70 years who had thyroidectomy
(lobectomy, subtotal thyroidectomy, near-total thy-
roidectomy, total thyroidectomy) due to benign thy-

roid disease and scheduled for sonographic evaluation
of thyroid parenchyma as of January 2020 were in-
cluded in this study. These were the inclusion criteria;
patients with no malignancy as a result of pathology
after thyroidectomy, no radioactive iodine treatment
and radiation to the neck, no other surgery in the neck,
no other malignancy, no collagen tissue disease, no
rheumatic disease in the body, with or without thyroid
hormone replacement, with thyroid functions of any
level (hypothyroid, euthyroid, hyperthyroid). The ones
who did not volunteer and were not followed-up were
excluded from the study.

The control group of the study consisted of 47
healthy individuals aged between 19-71 years whose
thyroid function tests (TSH, free T3 (FT3), free T4
(FT4), thyroid autoantibodies and thyroid the US were
normal, who had no chronic and systemic disease (di-
abetes mellitus, hypertension, coronary heart disease,
malignancy, collagen tissue disease, rheumatic dis-
ease), and did not use any substance or hormonal
drugs.

Whether the control group consisting of individu-
als who had been examined by the general surgery
specialist received any thyroid replacement or sup-
pression treatment was recorded. The patients were di-
rected to the laboratory to evaluate thyroid function
tests. The information about the performed operations
was obtained and reported from the epicrisis notes and
pathology reports available in the hospital records. The
results were evaluated by the clinician.

Sonographic Examinations

The procedure was performed using the US equip-
ment (Philips EPIQ 7G) with eL18-4 MHz linear
probe while the patient and control groups were in the
supine position and the patient head was moderately
hyperextended. To prevent interobserver differences,
thyroid US and US-E were evaluated by only a single
experienced radiologist.

The size (length x width x thickness x 0.52 = vol-
ume, mm3, for each lobe), echogenicity (hypoechoic,
heterogeneous, isoechoic), vascularity (hypovascular,
middle and hypervascular) of residual or recurrent thy-
roid parenchyma, presence and structure of nodule
were interpreted with B-mode and color flow Doppler
US.

US-E examination was conducted with freehand
compression and decompression technique. The
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amount of compression and homogeneity were stan-
dardized using a color pressure scale. The assessment
was performed after a safe measurement interval of
over 50% was achieved on the pressure scale. The tis-
sue elasticity distribution was calculated in real-time,
and the results were represented in a color map placed
on the B-mode image. The color spectrum ranged
from blue (soft-elastic) to red (hard-inelastic) and rep-
resented the relative stiffness of the tissue [5]. Elastic-
ity (color) scoring was performed in the
residual/recurrent thyroid parenchyma:

Score 1 - Elastic parenchymal structure, almost
coded in blue (over 75%).

Score 2 - Predominantly elastic parenchyma (over
50-55%), containing yellow and red coded areas scat-
tered on a blue-green coded ground.

Score 3 - Predominantly inelastic parenchyma
(over 50-55%), containing green and yellow coded
areas scattered on a red coded ground.

Score 4 - Inelastic parenchyma, almost coded red
(over 75%).

In addition, the imaging area was adjusted to in-
clude residual/recurrent tissue and surrounding strep
muscles in B-mode and elastography examination.
After the elastograms were obtained, the residual/re-
current tissue and the strain values of the adjacent
strep muscles were measured numerically and propor-
tioned automatically by the device on the static elas-
togram image with the region of interest (ROI) (mean
4-6 mm?). The ratio of strain values of strep muscles
and residual/recurrent tissues was expressed as strain
index (SR, SI). SI was calculated and recorded for
residual/recurrent tissue in the left and right lobe sep-
arately.

Statistical Analysis

Statistical analysis was performed using the SPSS
22.00 package program. In comparing the measured
parameters for the patients in the study, the normality
of the data obtained from the patients was evaluated
with the Kolmogorov-Smirnov test. Student-T test and
Mann-Whitney U-test were used for comparison be-
tween groups. chi-square test and Fisher's Exact test
were used to evaluate qualitative data. The correlation
analysis between variables was performed with Pear-
son and Spearman methods. P values less than 0.05
were considered statistically significant.

RESULTS

A total of 94 cases were evaluated (47 in the study
group and 47 in the control group). The mean age of
the patient group was 51 £+ 12.9 (range: 25-79) years,
and 43 (91.5%) were females. The mean age of the
control group was 36.8 = 11.5 (range: 19-71) years,
and 36 (76.6%) were females. There was a statistically
significant difference between the two groups in terms
ofage (p <0.001). In the study group, US-E was per-
formed in recurrent tissue of 5 (11.2%) patients with
total thyroidectomy, residual tissue of 38 (81%) pa-
tients with subtotal thyroidectomy, thyroid lobe of 3
(5.6%) patients with unilateral lobectomy, and residual
tissue of 1 (2.2%) patient with near-total thyroidec-
tomy. The mean time between the time of surgery and
participation of the study was 17.6 + 7.6 years, ranging
from 2 to 30 years. Two patients were operated twice;
one was 10 and 5 years ago, and the other was 20 and
10 years ago.

The mean volume of the right lobe and left lobe,
and isthmus were measured as 8.72 + 10.4 (range:
0.17-43.6) mm? and 7.5 £+ 11 (range: 0.32-55) mm?,

Table 1. The elasticity scores of residual/recurrent thyroid tissue and healthy thyroid

parenchyma in the control group

Right lobe Left lobe
Elasticity Scores Patient group Control group Patient group Control group
1 4 3 5 3
2 17 36 17 40
3 11 12
4 6 5 0
p value 0.003 0.001
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Fig. 1. Elastographic measurement of healthy thyroid parenchyma. (a) Right lobe (ES score 2, mean SR 0.73). (b) Left lobe

(ES score 1, mean SR 0.83).

The left side of the windows is a color-coded elastography image; the right side is a gray scale image. The circles show the re-
gions of interest where we measure the SRs. One is in the belt muscle and the other is in the normal thyroid parenchyma.
The color scale on the upper left is used to evaluate the ES relatively, and the green color scale on the lower left is used to
evaluate the amount of compression and homogeneity. ES = Elasticity Score, SR = Strain Ratio.

and 0.94 £+ 0.6 (range: 0.12-2.02) mm?, respectively.
Thyroid nodules were detected in 14 (29.8%) of the
patients with a mean diameter of 13.8 (range: 2-40)
mm.

The echogenicity of the residual/recurrent thyroid
tissue was assessed with respect to the echogenicity of
the normal thyroid parenchyma. Residual / recurrent
thyroid tissue was found hypoechoic in 17 (36.2%) pa-
tients, heterogeneous echogenicity in 14 (29.8%), and
isoechoic in 16 (34%) patients. Assessment of vascu-

larity in residual/recurrent thyroid tissue yielded hy-
pervascularity in 10 (21.3%) patients, hypovascularity
in 24 (51%), and moderate vascularity in 13 (27.7%)
patients.

The elasticity scores of residual/recurrent thyroid
tissue in patients and healthy thyroid parenchyma in
the control group are summarized in Table 1. Elasticity
score and Strain ratio measurements in normal thyroid
tissue one control subject and one operated patient
were showed (Fig. 1 and 2). Most frequently encoun-

Fig. 2. Images show measurement of ES and SR in residual or recurrent thyroid tissue. (a) Right thyroid lob (ES score 3,
mean SR 4.06). (b) Left thyroid lobe (ES score 4, mean SR 4.16). ES = Elasticity Score, SR = Strain Ratio.
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Table 2. The mean SR of left and right thyroid lobes in the patient and control groups and
comparison the SR between control and patient groups

Strain Ratio (SR) Patient group Control group p value
Right lobe 222+1.9 1.05+0.6 0.002
Left Lobe 19+19 0.8+£0.5 0.043

T
Contral

T
Patient

Fig. 3. Histogram graphic shows SR distribution for the right lobe in the patient and control groups. SR = Strain Ratio.

tered ES in the left and right lobe of the patient and
control group was score 2.

The elasticity scores were significantly different
between the right lobe and left lobe of thyroid
parenchyma in patients ( p = 0.003) and control (p =
0.001) groups. In the patient group, both score 3 and
score 4 were found higher for the right and left lobes.
The mean SR of left and right thyroid lobes in the pa-
tient and control groups and comparison the SR be-

w00

a0

-

Contrel

tween control and patient groups are presented in
Table 2. Mean SR of right and left lobes were signifi-
cantly higher in the patient group than the control
group. There was a correlation between the elasticity
scores and strain rates (SRs) for both groups (p <
0.01). This result was statistically significant and
higher in the patient group (Fig. 3 and 4).

Patients who were operated twice were found to
have higher SR. (The mean SR was 3.12 and ES was

— =

Fig. 4. Histogram graphic shows SR distribution for the left lobe in the patient and control groups. SR = Strain Ratio.
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Fig. 5. Images show measurement of ES and SR in residual or recurrent thyroid tissue. (a) Right thyroid lob (ES score 3,
mean SR 4.06). (b) Left thyroid lobe (ES score 4, mean SR 4.16). ES = Elasticity Score, SR = Strain Ratio.

4 for right lobe in the first patient, while the mean SR
was 2 and ES was 3 for the right lobe, the mean SR
was 3.51 and ES was 4 for the left lobe in the second
patient) (Fig. 5).

DISCUSSION

The elasticity of recurrent/residual thyroid tissue was
found significantly different from healthy thyroid
parenchyma. This result implies the importance of
elasticity changes in postoperative thyroid tissue. The
elasticity of postoperative thyroid tissue differs from
healthy thyroid tissue, which should be kept in mind
in comparison to elasticity between postoperative thy-
roid tissue and focal or diffuse thyroid diseases.
Anatomical and morphological changes occur in
the neck region after thyroidectomy compared to the
preoperative findings. Identifying changes in the thy-
roidectomy area and distinguishing these changes
from malignancy with noninvasive imaging methods
is important. Postoperative tissue changes are perma-
nent in some patients. It is more accurate to diagnose
if the US technician is aware of the surgical procedure
applied to the thyroid in cases where there is residual
thyroid tissue after lobectomy or subtotal thyroidec-
tomy. However, in cases with antithyroid drug treat-
ment or thyroiditis or previous radioactive ablation
therapy, residual thyroid tissue may not be recognized.
The fibrous scar in the surgical area may not be dis-
tinguished from a tumor. In such cases, the patient can
be evaluated by repeated US follow-ups. The size and
shape of the fibrous tissue often remain stable or be-
come smaller [9, 10]. Although these findings have
been described in the B-mode US in previous studies,
there is no study on US-E evaluating tissue fibrosis

and its elasticity in the literature. In this study, resid-
ual/recurrent tissue was primarily evaluated with B-
mode US and US-E.

In this study, the mean age of the patient group
was higher as the incidence of thyroid nodules in-
creases, and the indication for surgery is more com-
mon at advanced ages. Therefore, our control group
consisted of younger cases. On the other hand,
whether there is any elasticity difference in adults that
may arise from age difference should be investigated
in the future with studies involving patients with sim-
ilar age groups.

Thyroid diseases are more common in females,
which is consistent with our data. In multinodular goi-
ter and benign thyroid diseases, total thyroidectomy
has become common in the last decade while subtotal
and near-total thyroidectomy were preferred in
younger ages [6]. The average time after surgery in the
study group was 17.6 years, which explains the high
rate of subtotal thyroidectomy. Although the rate of
subtotal thyroidectomy was high, the rate of recur-
rence nodules was 29.8%. As expected from an oper-
ated tissue, thyroid tissue was hypovascular in 51% of
the patients and moderate vascular in 13% of the pa-
tients. When the US-E findings were examined, there
was a statistically significant difference between the
strain rates of the patient and control groups. The rates
of the patient group were higher in both the right and
left lobes compared to the control group. It can be un-
derstood from this situation that the elasticity of the
thyroid tissue decreased in postoperative thyroid
parenchyma. In previous US-E studies evaluating the
normal thyroid tissue, the thyroid tissue was found to
present with high and homogeneous elasticity mani-
festing as green color code and the elasticity scores of
1 and 2. However, it was also reported that elasticity
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might increase towards green/red/yellow direction in
cases with parenchymal diseases such as parenchymal
hyperplasia. In healthy subjects, the mean SR of thy-
roid parenchyma was found as 0.76 = 0.55 [11-13].
Yang et al. [14] revealed that the thyroid tissue SR of
43 control group patients without any thyroid disease
was found between 0.66-2.70, and the mean was 1.76
+ 0.54. Yurttutan et al. [15] found that the mean SR of
thyroid tissue was 0.54 + 0.38 in children without a
thyroid disease between the ages of 3-16. However,
they did not find any difference between the SR value
with age, gender, and body mass index.

In our study, the mean SR values of right and left
thyroid lobes in healthy subjects were consistent with
the literature. On the other hand, mean SR values of
postoperative thyroid parenchyma were found signif-
icantly higher than normal parenchyma in both right
and left lobes. Elastography scores of the patient and
control groups were found statistically significant and
the score 3 and score 4 were higher for both lobes in
the patient group. While measuring the SR elasticity
semi-quantitatively, the elastography score consisting
of the color scale is a qualitative measurement method.
In our study, as in SR, ES of the patient group was
found higher than the control group. These results re-
veal that the elasticity decreases in tissues that have
undergone operation and fibrosis. Although there are
no studies in the literature that have performed elas-
tographic measurements in operated thyroid cases,
Gode ef al. [16] measured the elasticity score of pre-
operative tissue and postoperative fibrous tissue for
inferior turbinate process in the lateral nasal cavity,
and they found the elasticity score of the postoperative
fibrous tissue significantly higher. Korkusuz et al. [17]
noted decreased tissue elasticity after the procedure in
their elastography measurements before and after mi-
crowave ablation applied to thyroid nodules. In our
study, we found a decrease in postoperative
residual/recurrent thyroid tissue elasticity in accor-
dance with the literature.

Studies have shown that the elastographic value
of the thyroid parenchyma changes according to the
histological state of the tissue. Similarly, it was re-
vealed in our study that the elasticity decreased, and
the strain increased in patients who had undergone
thyroid operation, changing the histology of the
parenchymal structure. The results of the comparison
between the elasticity values of diffuse and focal thy-

roid abnormalities with uninvolved healthy or postop-
erative thyroid parenchyma are expected to be differ-
ent due to the results of our study, which reveal the
elasticity changes in postoperative thyroid
parenchyma.

Limitations

The limitation of this study might be the low num-
ber of patients, the age difference between the study
and control groups, the difference between the type of
surgery and the preoperative diagnosis of the study

group.

CONCLUSION

In operated thyroid cases, the US-E values and elas-
ticity of thyroid tissue may be decreased compared to
healthy thyroid tissue. Familiarizing with this situation
may contribute to minimally invasive intervention as
well as being useful in the differential diagnosis of re-
current or residual tissues.
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ABSTRACT

Objectives: Existing surgical and conservative treatment techniques applied to ingrown toenails remain
controversial. In this study, a new minimally invasive technique for the treatment of ingrown toenails is
described which was found to provide rapid healing and effective results.

Methods: The presented study includes 39 patients with ingrown toenails treated with the newly developed
technique. The technique is a minimally invasive procedure in which a half groove-shaped piece obtained from
the intravenous drip set plastic was placed between nail and dermis and fixed on the nail.

Results: The patients treated with this technique were followed up after one week, one month and six months.
According to six-month follow-up results of the patients, achievement rate of the presented technique was
found to be quite high at 80%.

Conclusions: This new technique has many advantages compared to existing ingrown toenail treatment
methods. It was revealed that this method is very effective and successful by not requiring dressing, ensuring
low pain, rapid recovery from the first day of the treatment, uninterrupted return to daily life, and low recurrence
rate. One of the most important advantages of the technique is that it ensures high patient satisfaction by
providing good functional and aesthetic results.

Keywords: Ingrown toenail, toenail, onychocryptosis, minimally invasive technique

ngrown toenail is a common and often painful nail

disease that occurs when the periungual dermis is
pierced by the edge of the nail plate [1]. It 1s also
known as onychocryptosis (originating from Greek
words onyx-nail and crypto-secret) or unguis incar-
nates [2]. It is characterized by foreign body reaction,
and in a later stage, inflammation, and the develop-
ment of granulation tissue. In some cases, the nail
plate can penetrate the surrounding soft tissue, or the
nail plate can be covered with soft tissue, resulting in
infection [3-5]. Although the disease generally occurs
in the great toes (hallux nail) (70%), in some unusual
cases other fingernails may also be involved after the

trauma [6, 7]. Ingrown toenail occurs mostly in the lat-
eral part of the nail, the incidence on the lateral and
medial sides of the nail is 2:1 [8]. Ingrown toenail
causes walking difficulties, and if not properly treated,
it may cause permanent deformities in the nail and toe,
or a secondary nail infection of varying severity. There
are numerous methods for the treatment of ingrown
toenails. The selection of the treatment method de-
pends on the severity and the stage of the disorder.
Total nail avulsion, partial nail avulsion or wedge re-
section, removal or reduction of lateral nail fold, ex-
cision of mnail bed, surgical and chemical
matrixectomies targeting nail matrix have been widely
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used as surgical methods for the treatment. Taping,
dental floss, sleeve technique, band-aid method, angle
correction, and nail braces, are among the conservative
methods [9].

In this study, a new, quick, effective, and mini-
mally invasive technique for treatment of ingrown toe-
nails is presented. It was observed that this technique
provides rapid recovery and return to daily life in pa-
tients. In the follow-up of patients at the end of first
week, first month and sixth month after the treatment,
it was observed that a very high recovery rate in the
patients was achieved.

METHODS

This study includes the treatment of 39 patients with
complaint of ingrown toenails who applied to the Gen-
eral Surgery Department of Sultan Abdulhamid Han
Training and Research Hospital located in Istanbul.
The period of the study includes the 4-month period
between October 2018 and February 2019 when the
patients were treated, plus the 6-month follow-up pe-
riod for each patient.

The new method applied to patients consists of a
minimally invasive technique, unlike the commonly
applied nail avulsion. In this minimally invasive pro-
cedure, firstly, local anesthesia was applied to the toe
to be treated. And then the nail edge of ingrown side
was slightly lifted until the matrix. A half groove-

shaped 3 cm long piece obtained from the tubing part
of intravenous drip set plastic was placed between the
nail and dermis with the sandwich model. This half
groove-shaped piece was fixed to the nail with the help
of polypropylene suture, and the process was com-
pleted. The fixation method used was suture tech-
nique. The piece was not changed or dislodged. The
materials used in this new technique are shown in Fig.
1.

The follow-up began immediately after the proce-
dure. The suture was not removed. The suture and
groove were cut by the patient along with the nail as
the nail grew longer. It was ensured that the nail com-
pletely grew on the soft tissue thanks to this barrier in
the period of approximately 3-4 months, and the treat-
ment was finalized.

Ethical approval for this study was obtained by
Ethics Committee of Health Sciences University, Is-
tanbul, with approval number of 2020/1 and dated
10.02.2020.

Statistical Analysis

Descriptive data were presented as percentages,
means and standard deviations.

RESULTS

The number of patients who applied to Sultan Abdul-
hamid Han Training and Research Hospital with in-

Fig. 1. The materials used in the newly developed technique.
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Fig. 2. Before and after treatment images of the patients treated with this new minimally invasive technique. (a) and (b) in-

dicate images of two different patients.

grown toenail complaints was 39, and the mean age
was 29.8 years with the range of 18-79. Male to female
ratio was 2.9:1 (29 male and 10 female). The number
of ingrown toenails treated was 40 because one patient
was treated for both right and left toenail ingrown toe-
nails.

The symptoms of the patients treated with this
technique were observed as pain, exudate, swelling
and erythema. Pain was a single symptom in almost
half of the cases (19 patients), while in the other half
the pain was accompanied by the other symptoms.
These other symptoms accompanying pain were exu-
date (in 8 patients), erythema (in 4 patients), swelling
(in 4 patients), exudate and erythema (in 2 patients),
and exudate and swelling (in 2 patients) (Table 1).

The stage of ingrown toenails of the treated pa-
tients in this study is stage 2. The presented treatment
technique is recommended for the treatment of in-
grown toenails with symptoms of similar severity to
those described in this study. In other words, with this
treatment, it is expected that success will be achieved
in the treatment of ingrown toenails with stages 1 and
2.

The patients were treated with the presented min-

Table 1. The complaints of the patients before
the treatment

Gender
Complaints Man Woman Total
Pain 15 4 19
Pain, exudate 6 2 8
Pain, erythema 2 2 4
Pain, swelling 4 - 4
Pain, exudate, erythema - 2 2
Pain, exudate, swelling 2 - 2
Total 29 10 39

imally invasive treatment technique. The images of
two different patients before and after the treatment
are shown in Fig. 2 (a and b).

After the treatment of the ingrown toenails, the pa-

tients were called for follow-up at the end of the first
week, first month, and sixth month.
The results of the follow-up of the patients at the end
of the first week, first month and six months demon-
strated that the full healing rate was high with 80% at
the end of six months (Table 2).

DISCUSSION

Ingrown toenail or onychocryptosis is a common
health problem that can be observed in any age group
in the population, but mostly seen in second or third
decades of life, and usually in young adults or
teenagers. Ingrown toenails are more common in men
than women [10], and most frequently seen in males
with an age range of 15 to 50 [11]. The etiology of the
disease is multifactorial. In the literature, improper
nail cutting and care, narrow shoe selection, abnormal
nail structure, hormonal factors, genetic factors, hy-
perhidrosis or excessive sweating, nail fungal infec-
tion, trauma, history of nail surgery, bone
abnormalities, and obesity are reported among the risk
factors. Among these predisposing factors, improper
nail cutting, and wrong shoe selection are more fre-
quent ones [2, 7]. Ingrowing frequently starts at distal
end of lateral nail grooves. Narrow shoe wearing com-
presses the tip of toe, short nail cutting causes the nar-
rowing of the distal nail bed, and consequently it
prevents the toenail to find enough space to grow
properly. The patient tries to solve this discomfort by
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Table 2. Healing rate achieved with the developed minimally invasive technique

Number of treated ingrown toenails

Follow-up period First week First month Sixth month
Healing status
Complaint 5 8
No complaint 34 35 32
Total 40 40 40
Healing rate (no complaint) 85% 87.5% 80%

cutting the nail corner more which is difficult due to
surrounding soft tissue. As result of this problem, the
toenail grows into the nail groove and causes pain.
This improper nail cutting and trying to relieve the
pain causes a vicious cycle. The fact that wrong nail
cutting is one of the most known predisposing factors
of ingrown toenails reveals the importance of correct
nail cutting. Toenails should be cut straight, not round,
also if cut too shortly, it may cause inflammatory re-
action in the tissue surrounding the toenail. Diabetes,
obesity, having cardiac, renal, and thyroid disorders,
and poor foot hygiene are also among the other causes
[6]. Hyperhidrosis or excessive sweating increases the
flexibility of the nail plate, facilitating skin perforation
and thereby contributing to ingrown toenail [11].
Some nail deformities may also cause ingrown toe-
nails such as pincer nail or onychogryphosis. Com-
pared to a flat nail structure, the problem of ingrown
toenail is more likely in a more curved nail. The most
severe form of this type of nail structure is called ‘pin-
cer nail'. Also, an upturned nail structure, or anom-
alous hallux interphalangeal angles or reduced nail
thickness can cause the development of ingrown toe-
nail. Onychogryphosis is one of the toenail deformities
with an ‘oyster-like’ or ‘ram’s horn nail” appearance,
and clinically characterized by a yellow-brown,
opaque thickening of the nail plate with increased cur-
vature. It is more common patients with poor personal
care and in older adults.

The treatment method for ingrown toenails is se-
lected depending on the clinical stage and severity of
the disease. Staging is done according to pain, edema,
erythema, infection, and granulation tissue. Most of
the patients with ingrown toenails have complaints of
pain, erythema and swelling [7]. Initially, pain, ery-
thema, and swelling are seen in patients. In addition
to these findings, inflammatory granuloma tissue for-

mation accompanied by seropurulent exudate and in-
fection is observed. Epithelialized granulation tissue
and abscess formation are observed in more severe
cases. There can be transitions between the stages de-
pending on the patient's self-care [4]. Emmert first de-
scribed three stages of ingrown toenails [12], later,
Heitfiz divided the disease into three phases [13]. In a
more recent study, Mozena described four stages. The
first stage is called the inflammatory stage and char-
acterized by the presence of slight edema, erythema,
and pain in the case of applying pressure to the lateral
nail fold. The second stage is the abscess stage which
is divided into two substages. Initially, there is an in-
crease in pain, erythema, edema and hyperesthesia,
and the nail plate exceeds the nail bed by less than 3
mm. In the second phase of this stage, together with
the similar symptoms seen in the previous stage, nail
plate exceeds the nail bed by more than 3 mm. The de-
velopment of granulation tissue and hypertrophy in the
nail becomes chronic in the third phase. Untreated in-
grown toenail at this stage can progress further, caus-
ing significant chronic deformations. In the fourth
stage, severe chronic deformities are observed in the
toenail, and unlike stage three, distal hypertrophy is
observed [14].

Numerous conservative and surgical methods are
applied in treatment of ingrown toenails, and there has
been a long debate about the best treatment method.
In selection of the most appropriate treatment method
for ingrown toenails, several factors are evaluated to-
gether about the severity and stage of the condition.
These factors are pain, and severity of inflammation
if any, whether the patient had a history of ingrown
toenail or not, and which treatment was applied to in-
grown toenail and its success, as well as whether the
patient had concomitant disease such as diabetes [9].
Conservative treatment is more reasonable in patients
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having ingrown toenails with mild and moderate
severity, and reduction in accompanying pain and
being a cost-effective approach are considered as the
advantages of this method [11]. Main conservative
methods for treatment of ingrown toenails are reported
as sleeve technique, cotton-wick insertion, band-aid
method, dental floss technique, nail wiring, angle cor-
rection technique, and other methods such as using
nail brace and acrylic artificial nail. Use of antibiotics,
foot hygiene measures can also be counted among
conservative methods. Surgical treatments include
several techniques applied on the nail bed, nail plate
and soft tissues surrounding the nail. Common surgi-
cal techniques are total nail avulsion, partial nail avul-
sion or wedge resection, removal or reduction of
lateral nail fold, excision of nail bed, surgical segmen-
tal matrix excision, segmental matrix horn cauteriza-
tion. None of the surgical methods applied for the
treatment of ingrown toenails can be stated as the best
method alone. It was stated by various authors that
total nail avulsion has a high general recurrence rate
in the range of 64-83% when used as a single tech-
nique in the treatment of ingrown toenails [15-17].

Among the various conservative and surgical
methods used in the treatment of ingrown toenails, in
patients having mild symptoms and those who do not
prefer surgery due to the risks of surgical complica-
tions, conservative methods are preferred, while in
more severe cases and patients who do not respond to
conservative treatment, surgical methods can be ap-
plied. Elimination of symptoms, minimizing the heal-
ing process and patient satisfaction are the results
expected from the applied treatment methods. The
most appropriate method is the one that provides both
functionally and aesthetically high patient satisfaction,
has a low recurrence rate, enables the patient to re-
cover rapidly and return to daily activities quickly [9].
The minimally invasive new treatment technique ap-
plied to the ingrown toenails presented in this study
largely meets the above-mentioned expectations, and
it is recommended for the treatment of ingrown toe-
nails of similar severity to the patients included in this
study.

CONCLUSION

The new minimally invasive technique presented in

this study has many advantages compared to existing
ingrown toenail treatment methods. It does not require
dressing, ensures low pain, rapid recovery from the
first day of the treatment, uninterrupted return to daily
life on the day of the procedure, and high healing rate
from the first day. The patients treated with this tech-
nique were able to wear comfortable shoes and return
to their daily activities the day after the treatment. The
achievement rate of the technique is also quite high
according to the results of the one-week, one-month,
and six-month follow-up of the treated patients. The
results of this study revealed that the healing rate is
high in the six-month follow-up period which demon-
strates the effectiveness of this new treatment tech-
nique. It is an effective and successful technique due
to its advantages such as fast recovery, low recurrence
rate, high patient satisfaction by providing good func-
tional and aesthetic results.
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ABSTRACT

Objectives: The purpose of this study was to evaluate the diagnostic performance of the Dongjui DJ-8602
urinary analyzer for reducing the number of unnecessary urine cultures in patients with suspected urinary tract
infection (UTI).

Methods: This study was designed as a retrospective study performed in patients with suspected UTI from
August 1, 2018 to December 1, 2018. Clinical data, C reactive protein, blood hematologic counts were
evaluated. Using positive culture results as the gold standard, the cut-off values by the receiver operating
characteristic curve technique, sensitivity, and specificity were calculated.

Results: The median values of urine leukocyte levels were 31 cells/high power field (HPF) in the culture-
positive group and 5 leukocytes/HPF in the culture-negative group, respectively. The area under the curve for
leukocyte and bacteria count were 0.753 (95% Cl, 0.642 to 0.862) and 0.581 (95% Cl, 0.438 to 0.725),
respectively. A leukocyte count > 2 cells/HPF, resulting the best sensitivity of 96.3% (95% ClI: 81.03% to
99.48%) and a negative predictive value (NPV) of 96.4% (95% Cl: 79.35% to 99.48%).

Conclusions: The use of the Dongjui DJ-8602 urinary sediment and chemistry analyzer did not accurately
predict the outcome of urine cultures with an unsatisfactory sensitivity and NPVs of bacteria counts.
Keywords: Urinalysis, urinary tract infection, urine culture, instrumentation, bacteriuria

Urinary tract infection (UTI) is defined as the pres-
ence of microbial pathogens that involve any part
of the urinary tract without known functional or
anatomical abnormalities of the urinary tract. UTIs are
among the most common infections reported in out-
patient services [1].

The gold standard for the diagnosis of UTI is mid-
stream urine culture, but it is a laborious and expensive
process. Rejection of negative samples with the uri-
nalysis test results has drawn attention to provide re-
duction in the number of unnecessary cultures [2].
However, there is a variable performance reported in

the literature; in some of the studies the absence of
cells or bacteria was found to be a useful screen to pre-
vent urine culture, while there are still some concerns
in other studies [2-6].

Many manufacturers have developed fully auto-
mated, integrated urine analyzers [7]. Automated uri-
nalyzers as a screening system to rule out UTI are
evaluated by their diagnostic sensitivity, specificity,
accuracy, and area under receiver-operating-character-
istic (ROC) curve [8]. Some authors suggest that cer-
tain analyzers are controversial to screen urine for UTI
[2, 5]. Due to differences in their performance, each
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one needs to be evaluated separately. It is important to
know how confident is each prediction outcome, oth-
erwise false positive or false negative results can cre-
ate diagnostic uncertainty. Manufacturer claims need
to be verified independently, with the introduction of
a new automated analyzer in a laboratory [2, 9].

Recently, the Dongjui DJ-8602 urinary sediment
and chemistry analyzer (Xuzhou Dongjiu Electronic
Technology Co., Ltd, China) a fully automatic system
that includes one DJ-860 automatic urine sediment an-
alyzer and one DJ-900 automatic urine chemistry an-
alyzer was introduced.

The purpose of this study was to evaluate the di-
agnostic performance of the Dongjui DJ-8602 urinary
analyzer as a means of reducing the number of urine
samples requiring culture in patients with suspected
UTL

METHODS

This study was designed as a retrospective study
performed in routine care adult patients with suspected
UTTI admitted to the urology outpatient clinic from Au-
gust 1, 2018 to December 1, 2018. Data were retro-
spectively reviewed for the diagnostic performance of
Dongui urinalysis system results for excluding culture
negative patients. The protocol of the study was con-
ducted in accordance with the Second Declaration of
Helsinki.

Only patients with both clinical information and
laboratory tests at admission were available were in-
volved. The time for completing the laboratory data in
relation to the receipt time was 2 hours after receipt.
Exclusion criteria were: catheter urines, urines ob-
tained via invasive procedures, pregnant women, chil-
dren. Patients were excluded if they had been
hospitalized, had been prescribed antimicrobial agents,
had been seen by physicians within one month before
entering the study. All of these attempts were per-
formed to reduce the number of false-negative culture
test results.

Variables recorded to patient files were taken:
cloudy urine, foul-smelling urine on examination, any
nocturia, dysuria, urgency, urine frequency, flue like
symptoms, fever, mid-back pain, lower abdominal
cramping, tiredness or fatigue, burning sensation in
the bladder, symptom duration/day.

The following markers measured as part of routine
care recorded were taken from the laboratory informa-
tion system (LIS) data: C-reactive protein (CRP) (nor-
mal range < 3.0 mg/dl), blood hematologic counts on
the Coulter LH 750 cell analyzer (Beckman Coulter,
Inc., Miami, USA). The neutrophile-lymphocyte count
ratio (NLR) was calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count.
The platelet to lymphocyte count ratio was calculated
by dividing the absolute platelet count to lymphocyte
count (PLR).

Urine culture results recorded to LIS data from
urine samples sent to the laboratory were evaluated. A
sample was considered culture-positive if it contained
a pure culture of > 105 of colony forming units /mL
[10]. Pathogenic microorganisms were identified
using the Vitek 2 automated system (BioMerieux, St.
Louis, Missouri, USA).

Urinalysis test results by the DJ-8602 urinary sed-
iment and chemistry analyzer (Xuzhou Dongjiu Elec-
tronic Technology Co., Ltd, China) recorded to LIS
were evaluated. DJ-8602 urinary sediment and chem-
istry analyzer is a fully automatic system which in-
cludes one DJ-860 automatic urine sediment analyzer
and one DJ-900 automatic urine chemistry analyzer.
The automatic urine sediment analyzer system uses
planar flow technology and morphological identifica-
tion technology applying the support vector machine
image processing method.

Microscopic internal quality control results stud-
ied with an Urit QC22 Control (level 2; lot
6318600402 and negative control lot, 20170301) dur-
ing the study period. Urit Strip internal quality control
results studied with an IQ-11 (lot 55180007). Our lab-
oratory was participated in the urinalysis external
quality control program (KBUDEK, Istanbul, Turkey).

Statistical Analysis

Statistical analyses were performed using SPSS
21.0 for Windows (SPSS Inc., Chicago, IL, USA),
with culture results defined as the ‘gold standard.’
Samples were divided into two groups: culture nega-
tive and culture positive. Parameters with a normal
distribution were evaluated using the Kolmogorov-
Smirnov test. Comparison of quantitative data and in-
tergroup comparisons of parameters were performed
using Student's t-test or the Mann-Whitney U test. The
chi-square test was used for the comparison of quali-
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Tablel. Clinical and laboratory characteristics of patients

UTI No UTI p value
n (%) n (%)
Age (years) (mean + SD) 48+ 15 40+ 12 0.090
Gender
Male 21% 9%
Female 79% 91%
BMI (kg/m?) (mean + SD) 248+33 254+48 0.594
Diabetes mellitus 20% 4.5% <0.001
Clinical predictors of diagnosis
Foul smelling urine 59.2% 45.7% 0.216
Cloudy urine 44.4% 45.7% 0.905
Dysuria 95.6% 96.8% 0.326
Nocturia 42.9% 44.6% 0.225
Urgency 81% 47% 0.006
Urinary frequency 93% 98% 0.101
Flue like symptoms 14.8% 18.0% 0.692
Fever 7.4% 7.4% 0.995
Mid-back pain 40.7% 42.5% 0.867
Burning sensation 77.7% 78.7% 0.916
Lower abdominal cramping 22.2% 35.1% 0.207
Tiredness or fatique 37.0% 29.7% 0.303
Suprapubic warm sensation 59.2% 61.% 0.196
Symptom duration/day (median [IQR]) 44) 4(4) 0.778
Laboratory data
CRP (mg/dl) 4.7 (26) 3.0 (1.6) 0.030
Haemogram test
WBC (x10°/L) 8.4 (4.1) 7.1 (3.1) 0.020
Neutrophil (x10°/L) 5.4 (3.6) 4.2 (1.7) 0.090
Lymphocyte (x10°/L) 2.2(0.7) 2.3 (0.8) 0.228
NLR 2.3 (1.8) 1.7 (0.9) 0.023
Platelet 266 (66) 276 (77) 0.953
PLR 132 (69) 121 (43) 0.144
MPV (fL) 8.1(1.0) 8.6 (1.4) 0.067
RDW (%) 139 (2.8) 136 (1.7) 0.330
Urine
Dipstick
LE>1+ 81.4% 45.7% 0.004
NO; 33.3% 4.2% <0.001
Microscopy
Leukocyte (count/HPF) 31 (130) 5(14) <0.001
Erythrocyte 8 (36) 4(12) 0.019
Bacteria(count/HPF) 0 (43) 0 (6) 0.198

BMI = body mass index, CRP = C-reactive protein, WBC = white blood cell, NLR = neutrophil to lymphocyte ratio, PLR =
platelet to lymphocyte ratio, MPV = mean platelet volume, RDW = red cell distribution width, HPF = high power field, IQR

= interquartile range; SD = standard deviation. Chi-square test for Association
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tative data. ROC curves were created to identify the
cut-off points for variables.

Using positive culture results as the gold standard,
sensitivity, specificity, positive predictive value (PPV;
the post-test probability of an outcome for positive
tests), negative predictive value (NPV; the post-test
probability of an outcome for negative tests ), accu-
racy (the proportion of true results in the population),
positive likelihood ratio (LR+) (the probability of a
person who has the disease testing positive divided by
the probability of a person who does not have the dis-
ease testing positive), negative likelihood ratio (LR-)
(the probability of a person who has the disease testing
negative divided by the probability of a person who
does not have the disease testing negative), diagnostic
odds ratio LR+/LR- and accuracy (true positives + true
negatives)/ all cases were calculated.

RESULTS

In total, 121 patients were found to be eligible for
study enrollment. Table 1 shows characteristics of pa-
tients on admission. The study group ranged in age
from 18 to 74 years. Significant bacterial growth was
detected in 27 (20.18%) specimens. Escherichia coli

Sensitivity

grew in 23 (95%) of the positive cultures. The CRP (p
=0.030), WBC (p =0.020) and NLR (p = 0.023) lev-
els were higher in patients with UTI.

The median values of urine leukocyte levels were
31 cells/HPF and 8 cells/high power field (HPF) for
erytrocytes with the DJ-8602 urinary sediment and
chemistry analyzer in the culture-positive group and
5 leukocytes/HPF and 4 erytrocytes/HPF in the cul-
ture-negative group, respectively (see Tablel).

ROC curves for leukocyte and bacterial counts of
the urine sediment analyses are presented in Fig. 1.
The AUC for leukocyte counts was 0.753 (95% Cl,
0.642 to 0.862), compared with 0.581 (95% Cl, 0.438
to 0.725) for bacteria; showing acceptable discrimina-
tion power for UTI only for urine leukocyte count with
a Dongjui DJ-8602 urinary sediment and chemistry
analyzer (Table 2) [8].

When cut-off points for microscopy results were
analysed, a leukocyte count > 2 cells/HPF, resulting in
a sensitivity of 96.3% (95% CI: 81.03 to 99.48) and a
NPV of 96.4 (95% Cl: 79.35 to 99.48) (Table 3). An
optimum cut-off a leukocyte count > 7 cells/HPF
yielded a sensitivity of 70.3% (95% CI: 49.82%-
86.25%) and a specificity of 58.51% (95% CI:
47.88%-68.59%). Bacterial counts were not different
between UTI and nonUTTI groups (p = 0.198) (Fig. 2).

ROC Curve

Seawce of the
Curve
© I™Leuw
i— Bac
Reference Line

o4 e
1 - Specificity

Fig. 1. Receiver operating characteristics (ROC) curve for the whole group to determine the negative culture with urinalysis
test results. The optimum cut-off point for WBC was 4 cells/HPF.
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Table 2. Diagnostic performances of urinalysis test results for distinguishing culture positive

patients from urinalysis

Variables AUC SE Significance 95% CI
Leukocyte 0.753 0.057 <0.001* 0.642-0.864
Erythrocyte 0.647 0.059 0.020 0531-0.763
Bacteria 0.581 0.073 0.221 0.438-0.725
Cylendir 0.542 0.069 0.532 0.406 -0.677
Crystal 0.518 0. 068 0.789 0.385 -0.650
AUC = area under curve, SE = standard error, CI = confidence interval. *Null hypothesis = true area = 0.5
Table 3. The discriminative and predicting power of the each individual urinalysis variable
Parameter SE (%) SP (%) PPV (%)* NPV (%)* LR+ LR- Accuracy (%)*
95% CI) (95% CI) 95% CI) 95% CI) (95% CI) 95% CI) 95% CI)
Dipstick
LE>1+ 81.48 54.26 33.85 91.07 1.78 0.34 60.33
(61.92-93.70)  (43.66-64.58)  (27.80-40.47)  (81.90-95.83)  (1.34-2.37) (0.15-0.77)  (51.04-69.11)
NO2 > 1+ 66.67 95.74 81.82 90.91 15.67 0.35 89.26
(46.04-83.48)  (89.46-98.83)  (62.45-92.41)  (85.41-94.47)  (5.79-42.39) (0.20-0.59)  (82.33-94.15)
Microscopy
WBC! (>2) 96.3 27.96 96.43 1.35 0.13 43.80
(81.03-99.91) (25.07-31.04) (79.35-99.48) (1.17-1.57)  (0.02-0.91) (34.80-53.11)
WBC? (> 7) 70.37 58.51 32.76 87.30 1.70 0.51 61.16
(49.82-86.25)  (47.88-68.59)  (25.69-40.70)  (78.951092.65)  (1.20-2.39)  (0.28-0.93)  (51.87-69.88)
Bacteria! (> 3) 40.74 70.21 28.21 80.49 1.37 0.84 63.64
(22.39-61.20)  (59.90-79.21)  (18.47-40.53) (74.61-85.28) (0.79-2.37)  (0.60-1.18) (54.40-72.19)
Bakteri® (> 18) 33.33 86.17 40.91 81.82 241 0.77 74.38
(16.52-53.96)  (77.51-92.43)  (24.94-59.06) (77.30-85.60) (1.16-5.02)  (0.59-1.02) (65.65-81.88)

LE = leukocyte esterase, NOz = nitrite, SE = sensitivity, SP = specificity, NPV = negative predictive value, PPV = positive predictive value,
LR+ = positive likelihood ratio, LR— = negative likelihood ratio, Accuracy = correctly classified %. *These values are dependent on disease

prevalence. 'Highest sensitivity, 2Cut-off

DISCUSSION

Like others before us, we found that negative urine
cultures constitute a large percentage of the clinical
laboratory workload in our hospital [2, 3, 5, 11]. Only
the ROC analysis of the urinary leukocyte counts of
the Dongjui DJ-8602 urine sediment analyzer shows
an acceptable AUC value of 0.753. However, this
value is not outstanding and when used alone may lead
to diagnostic uncertainty [13].

In our study, the sensitivity, specificity, and AUC
of leukocyte count were higher than those of bacteria
count; similar to Kocer et al.’s [12] findings. A screen-
ing analyzer to reduce the number of negative urine
culture samples is reliable only when a high sensitivity
and high negative predictive values are obtained. And

ideally, the sensitivity should be > 90-95% to rule out
disease [14, 15]. The cut-off point should be low
enough to exclude the minimum urine samples.

A detailed analysis showed that the WBC > 2 cells
/ HPF gave only one false negative result, with a sen-
sitivity of 96.3% and a NPV of 96.4%. This cut-off
point will reduce the number of samples sent to the
laboratory for culture. However, the harmful effects
of false negative findings should be taken into ac-
count. On the other hand, predicting negative results
may prevent the risk of unnecessary initiation of an-
tibiotic treatment.

Our results were comparable to previous studies
with automated microscopy methods such as digital
imaging with laminar flow (IQ 200) and verified dig-
ital images (sediMAX, FUS-100, Cobas u 700, Atel-
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Fig. 2. Comparison of quantitative bacterial counts between groups. Bacteria: count/HPF; Group 0: Patients without UTI,
Group 1: Patients with UTI. Box represents the confidence interval (95%).

lica 1500) that leukocyte parameter is better than those
of bacteria count [16] . However differences based on
the definition of negative urine, variation in cut off
levels applied, patient populations and clinical situa-
tions makes it difficult to directly compare study re-
sults [16].

In our study, we found that the bacteriuria param-
eter of the Dongjui DJ-8602 urine sediment analyzer,
which uses an image analysis method has poor dis-
criminatory power for UTIL. Our results are consistent
with other studies that the bacteriuria parameter with
automated microscopy cannot be used alone to reduce
the number of negative urine culture samples [17-20].

The sensitivity of the urine dipstick test for nitrites
was low (66.7%) with higher levels of specificity
(95.74%) comparable to those of the other studies |2,
21, 22]. The sensitivity of LE was acceptable
(81.48%.) [15]. Results produced by dipstick should
not be overly relied upon for screening [23, 24].

Limitations

The main limitations of this study include the use
of retrospective data, inclusion of data from only one
urology department. A single cut off value of 105
colony-forming unit (CFU)/ml was used for the cul-

ture. Also, the delay from initiation until publication
is a weakness.

CONCLUSION

In conclusion, we found that the use of the
Dongjui DJ-8602 urinary sediment and chemistry an-
alyzer did not accurately predict the outcome of urine
cultures with low sensitivity and NPVs of bacteria
counts.
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ABSTRACT

Objectives: Total circulatory arrest (TCA) technique is a method used in cardiac surgery accompanied by
cardiopulmonary bypass (CPB). It has been shown that Tulbaghia violacea extract increases antioxidant
capacity, regulates blood pressure, decreases lipid peroxide, and reduces atherosclerosis. In this experimental
study, we aimed to investigate the effect of 7. violacea extract administration on serum oxidative stress
parameters (Total antioxidant status [TAS], total oxidant status [TOS] and oxidative stress index [OSI] and
deoxyribonucleic acid [DNA] damage level with 8-Hydroxy-2-Deoxyguanosine [8-OHdG]) and
histopathological changes in the heart and other organs in rats with deep circulatory arrest model.

Methods: In this study, 48 Wistar Albino adult rats, 24 female and 24 male, obtained from Harran University
Experimental Animals Research Center were used. The average weight of female rats was 250-300 g, and the
average weight of male rats was 450-500g. These rats were randomly divided into four groups. 6 male and 6
female rats were used in each group (Group 1 = Sham, Group 2 = Injury, Group 3 = Treatment and Injury,
Group 4 = Treatment).

Results: As a result of this experimental study, the changes in the biochemical 8-OHdG, TOS, OSI and TAS
levels of the groups were found to be statistically significant (p < 0.001). In the subgroup analyzes of the data,
8-OHdG level, which is an oxidative DNA damage marker in Group 2 was higher than the Group 1, Group 3
and Group 4 and there was a statistically significant difference (p < 0.001, p = 0.027 and p < 0.001;
respectively). The TOS level of the injury group was higher than Group 1, Group 3 and Group 4 and there was
a statistically significant difference (p < 0.001, p = 0.003 and p < 0.001; respectively).

Conclusions: As a result of our study, we revealed that 7. violacea extract has a protective effect on organ and
tissue damage in the TCA model.

Keywords: Circulation, arrest, protective agent, plant derived, Tulbaghia violacea extract
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Cardiac diseases have an important place among
the causes of morbidity and mortality all over the
world [1]. It will continue to be an important health
problem in the future [2]. Cardiac surgery has an im-
portant role in the treatment of these diseases, and
most of cardiac surgeries are performed using car-
diopulmonary bypass (CPB). In addition, the total cir-
culatory arrest (TCA) technique is performed in
cardiac surgery accompanied by CPB, especially in
aortic arch surgery [3]. The deep hypothermic TCA
method is the method in which the body temperature
is lowered below 20 oC and the blood circulation is
temporarily stopped. It is preferred in thoracic aortic
lesions associated with aortic arch, complex congeni-
tal pathologies, pulmonary thromboembolectomy and
sometimes intracerebral aneurysm surgeries other than
cardiovascular surgery. After hypothermic circulatory
arrest, adverse events related to many organs, espe-
cially neurological and cardiac damage, may occur.
They are localized ischemic infarcts that develop as a
result of global ischemia or embolism as a result of lo-
calized stroke, infarction, insufficient flow or protec-
tion [4, 5]. In order to prevent these negative
situations, cardioplegic arrest for the heart and hy-
pothermia and various medical treatments are used for
other organs [6].

Tulbaghia violacea plant is a perennial ornamental
plant with green leaves in summer and winter, its
leaves and flowers give a garlic odor when rubbed, are
edible, have a garlic flavor. This plant contains active
compounds such as tannins, terpenoids, flavonoids,

saponins, proteins, steroids, cardiac glycosides, phe-
nols and coumarins [7]. It has been shown that 7. vio-
lacea increases antioxidant capacity, regulates blood
pressure, decreases lipid peroxide, and reduces ather-
osclerosis [8].

In this experimental study, we aimed to investigate
the effect of T violacea extract administration on
serum oxidative stress parameters (Total antioxidant
status [TAS], total oxidant status [TOS] and oxidative
stress index [OSI] and deoxyribonucleic acid [DNA]
damage level with 8-Hydroxy-2-Deoxyguanosine [8-
OHAG]) and histopathological changes in the heart
and other organs in rats with deep circulatory arrest
model.

METHODS

This research was carried out as a doctoral thesis by
the Perfusion Technology Program of the Department
of Cardiovascular Surgery, Institute of Health Sci-
ences, Harran University. Approval was obtained from
Harran University Animal Experiments Local Ethics
Committee on 11/12/2020 (Session no: 2020/0006,
Decision: 01-17). After the approval of the Ethics
Committee, a scientific research project was prepared.
The project support of the study was approved by Har-
ran University Scientific Research Projects Coordina-
tion Unit on 29/04/2021 (HUBAK Project No: 21130).
Experimental study was carried out between
17/06/2021-02/07/2021 in Harran University Experi-

Fig. 1. Controlled ischemia in the heart by applying a cross-clamp to the aorta in a rat who underwent laparotomy and ster-

notomy.
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mental Animals Laboratory. The blood and pathology
samples taken as a result of the experimental study
were stored under appropriate conditions and the data
were obtained by working in the laboratories of Med-
ical Biochemistry and Medical Pathology of Harran
University.

Experimental Animals

In this study, 48 Wistar Albino adult rats, 24 fe-
male and 24 male, obtained from Harran University
Experimental Animals Research Center were used.
The average weight of female rats was 250-300 g, and
the average weight of male rats was 450-500 g. These
rats were randomly divided into four groups. 6 male
and 6 female rats were used in each group. Animal ex-
perimentation and care of all rats were carried out in
accordance with the principles of "Regulation on
Working Procedures and Principles of Animal Exper-
iments Ethics Committees" and "Care Principles of
Experimental Animals" shaped by the National Asso-
ciation for Medical Research.

Deep Circulatory Arrest Model

Before the study, rats were fasted for 8 hours. Dur-
ing this time, they were allowed to drink water. All ap-
plications were performed under anesthesia. Ketamine
(60 mg/kg) (Ketasol® 10%, 10ml, Richter Pharma AG
4600 Wels, Austria) and xylazine (40 mg/kg) intraperi-
toneally (ip) for anesthesia purposes (Rompun® 2%,
25ml, Bayer Healthcare LLC. Kansas 66201), USA)
was applied. If necessary, an additional dose of 3/1 of
the application dose was planned. Midline laparotomy
and sternotomy were performed on rats whose skin
was prepared aseptically (the abdominal skin was
cleaned with povidone iodine after shaving), and the
heart was reached. Before cardiac arrest, 0.1 ml of he-
parin (Koparin® 25000 1U/5ml, Kocak Farma Ila¢ ve
Kimya Sanayi A.S. Kapakli, Tekirdag) was adminis-
tered to all rats with an insulin injector from the right
atrium while the heart was working [9]. Then, con-
trolled ischemia was created in the heart by placing a
cross-clamp on the aorta (Fig. 1). Immediately after
the application of cross-clamp to the aorta, cardiac ar-
rest was achieved by administering 0.2 ml of potas-
sium chloride (KCL) (Turktipsan Potassium Chloriir®
750 mg/10ml, Turktipsan Turizm Egitim ve Tic. AS.
Akyurt, Ankara) from the right atrium or aortic root
with an insulin injector [10, 11]. In some groups, total

circulatory arrest was created for 20 minutes. Cardiac
damage was created with this circulatory arrest [12,
13]. Then, blood was drawn from the hearts (right
atrium) of all rats and their hearts were surgically re-
moved. Tissues and blood samples were stored at -80
oC for histopathological and biochemical studies until
the study.

Working Groups

Group 1 (Sham group, n = 12): They were fed with
standard rat chow and tap water for 15 days. On the
16th day, all rats in this group were sacrificed under
deep anesthesia (Ketamine (90 mg/kg) and xylazine
(10 mg/kg)-i.p) and their blood and all tissues were re-
moved.

Group 2 (Injury group [TCA group], n =12): An
experimental cardiac injury model was created with
TCA in rats after similar feeding and anesthesia. After
TCA, the blood sample and all tissues were removed.

Group 3 (Treatment+Injury group [ 7. violacea ex-
tract+TCA group], n = 12): Different from group 2, T
violacea extract (500 mg/kg/day) dissolved in 0.9%
saline for 15 days was given to this group by oral gav-
age. administered directly into the stomach.

Group 4 (Treatment group [T violacea extract
group], n = 12): In this group, unlike Group 3, blood
and tissue samples of the rats were extracted without
applying the TCA model.

Histopathological Examination

As a result of the experimental study, the tissues
taken from the rats were grouped and numbered, and
the heart tissues were fixed separately in 10% buffered
neutral formaldehyde solution for histopathological
examination. Afterwards, the samples were embedded
in paraffin blocks and sections of 5 micron meters
were taken. These sections were stained with hema-
toxylin-eosin dye and examined with Nikon Eclipse®
NI DS-FI2, JAPAN microscope. Interstitial edema, in-
flammatory cell infiltration and presence of necrosis
were evaluated in the histopathological examination.

Biochemical Evaluation

As a result of the experimental study, the blood
taken from the rats was grouped and numbered and
collected in heparinized yellow capped gel-free tubes.
Collected blood was centrifuged at 4000 rpm for 10
minutes. The serum portion from the centrifuged

The European Research Journal « Volume 8 « Issue 3 « May 2022

398



Eur Res J 2022;8(3):396-403

Protective effect of Tulbaghia violacea extract on cardiac damage

blood was transferred to eppendorf tubes and stored at
-80 oC until the study day. Then, changes in oxidative
stress parameters (TAS, TOS, OSI) and DNA damage
level (8-OHdG) at blood serum levels were examined.

Statistical Analysis

Statistical analyzes were performed using the
SPSS® package program (IBM Corp. Released 2012,
IBM SPSS Statistics for Windows, Version 21.0, Ar-
monk, NY: IBM Corp.). Mean and standard deviations
were calculated for continuous and ordinal data. Data
were given as mean and standard deviation. Kol-
mogorov Smirnov test and Shapiro-Wilk test were
used to evaluate the normality distribution. One Way
ANOVA test was used to compare the four groups.
Tukey test was used for subgroup analysis of the data.
Statistically P < 0.05 values were considered signifi-
cant.

RESULTS

As a result of this experimental study, the changes in
the biochemical 8-OHdG, TOS, OSI and TAS levels
of the groups were found to be statistically significant
(» <0.001) (Table 1).

In the subgroup analyzes of the data (Table 2), 8-
OHdG level, which is an oxidative DNA damage
marker in Group 2 was higher than the Group 1, Group
3 and Group 4 and there was a statistically significant
difference (p <0.001, p =0.027 and p <0.001; respec-
tively). The TOS level of the injury group was higher
than Group 1, Group 3 and Group 4 and there was a
statistically significant difference (p <0.001, p =0.003
and p < 0.001; respectively).

The OSI level of Group 2 was higher than Group
1, Group 3 and Group 4 and there were statistically

significant differences (p < 0.001, for all). TAS levels
in Group 1, Group 3 and Group 4 were higher than
Group 2 and there were statistically significant differ-
ences (p < 0.001, p = 0.004 and p < 0.001; respec-
tively).

Cardiac Tissue Histopathological Findings (Fig. 2)

As a result of the experimental study, the regular
structure in the heart tissue of the rats was examined
in the histopathological examination of the heart tis-
sues taken from the rats. No pathological finding was
detected. A regular heart muscle is observed in the
sample of Group 1 (Fig. 2A). Histopathological ex-
amination of Group 2 reveals localized areas of necro-
sis and edema in the myocardial tissue in the tissue
sections (Figs. 2B and 2C). In the histopathological
examination of Group 3 significant improvement was
observed in the areas of edema and focal necrosis in
the muscle fibers (Fig. 2D). Histopathological exami-
nation of Group 4 revealed regular muscle fibers (Fig.
2E).

Histopathological Findings of Liver and Kidney Tis-
sues (Fig. 3)

In Group 1, hepatic (Fig. 3A) and renal
parenchyma (Fig. 3B) are observed in a regular
histopathological structure. Focal lytic necrosis in the
liver tissue of Group 2 is indicated by the green arrow
(x400) (Figure 3C). In the histopathological examina-
tion of Group 2, hemorrhage in the renal parenchyma,
interstitial tissue between the tubules, glomeruloscle-
rosis (Blue arrow), inflammatory infiltration in the
stroma (Fig. 3D) (x100), Group 3, significant im-
provement in periportal fibrosis in liver tissue (Fig.
3E), renal parenchyma (x100) containing regular
glomerular structures with minimally thrombosed vas-
cular structures (Fig. 3F).

Table 1. The change of oxidative parameters of the experimental rat groups

Group 1 Group 2 Group 3 Group 4 p value
(Sham) (Injury) (Treatmet/Injury)  (Treatment)
8-OHDOG (ng/mL) 1.8+0.59 622+1.5 458 +2.14 1.55 +0.47 <0.001
TOS (umol H202 Eqv/1) 10.66 £2.15 15.85+1.71 13.13 +1.81 10.29 +1.32 <0.001
OSI (ap) 0.69+0.17 144023 0.93+0.18 0.65+0.11 <0.001
TAS (mmol Trolox Eqv/1)  1.57+£0.27 1.14 £ 0.12 1.41+0.13 1.6 +0.17 <0.001

One Way Anova test was used to compare the four groups. Data were given as mean and standard deviation. 8-OhdG = 8-
hydroxy-2'-deoxyguanosine, TOS = Total oxidant status, OSI = Oxidative stress index, TAS = Total antioxidant status.

399



Eur Res J 2022;8(3):396-403

Amag et al

Table 2. Subgroup analysis of the data of the experimental groups

8-OHDOG (ng/mL)

Group 1 vs Group 2

Group 1 vs Group 3

Group 1 vs Group 4

p<0.001 p<0.001 p=0.973

Group 2 vs Group 3 Group2 vs Group 4 Group 3 vs Group 4
p=0.027 p<0.001 p<0.001

TOS (umol H202 Eqv/1) Group 1 vs Group2  Group 1 vs Group 3 Group 1 vs Group 4
p<0.001 p=0.007 p=0.956

Group 2 vs Group 3~ Group 2 vs Group 4 Group 3 vs Group 4
p=0.003 p<0.001 p=0.002

OSI (ap) Group 1 vs Group2  Group 1 vs Group 3 Group 1 vs Group 4
p<0.001 p=0.01 p=0.949

Group 2 vs Group 3 Group2 vs Group 4 Group 3 vs Group 4
p<0.001 p<0.001 p=0.002

TAS (mmol Trolox Eqv/1) Group 1 vs Group2  Group 1 vs Group 3 Group 1 vs Group 4
p<0.001 p=0.175 p=0.988

Group 2 vs Group 3 Group2 vs Group 4 Group 3 vs Group 4
p=0.004 p<0.001 p=0.091

Tukey test was used for subgroup analysis of the data. Group 1 = Sham, Group 2 = Injury, Group 3 = Treatment/Injury, Group
4 = Treatment, 8-OhdG = 8-hydroxy-2'-deoxyguanosine, TOS = Total oxidant status, OSI = Oxidative stress index, TAS =
Total antioxidant status

Fig. 2. (A) Regular cardiac muscle is observed in the sample belonging to the Sham group (B, C) Histopathological examina-
tion of the injury group (Group 2), necrosis and edema areas in the myocardium in tissue sections in the histopathological
examination (D) Histopathological examination of the Treatment+Injury group (Group 3) Significant improvement in edema
and focal necrosis in muscle fibers in the examination (E) Regular muscle fibers in the histopathological examination of the
treatment group (Group 4).

DISCUSSION quently performed in operations where CPB is used.
Oxidative stress occurs as a result of insufficient oxy-
Aortic cross clamp and TCA applications are fre- genated blood to the tissues [14]. CPB is also an im-
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Fig. 3. (A) liver from sham group, (B) kidney from sham group, (C) focal lytic necrosis in liver tissue in injury group, (D)
(left side) hemorrhage in intertubular interstitial tissue in renal parenchyma, right side glomerulosclerosis (blue arrow), in-
flammatory infiltration in the stroma (yellow arrow), (E) reduced periportal fibrosis in the damage and treatment group,
(F) renal parenchyma containing regular glomerular structures with minimal thrombosed vascular structures with treatment

damage.

portant factor for the formation of oxidative stress. The
reason for this is neutrophils, catecholamines, which
are activated as a result of contact of blood with
nonendothelial circuit elements, activation of the com-
plement system and cytokines released as a result of
activation of neutrophils [15]. In these operations, var-
ious medical treatments are applied along with hy-
pothermia to ensure the continuation of organ vitality,
especially the heart. In this experimental deep circu-
latory arrest model, we showed that oxidative stress
parameters (TAS, TOS, OSI, 8-OHdG), histopatholog-
ical damage in heart, kidney and liver tissue decreased
by administering 7. violacea extract to rats with organ
damage.

It is known that oxidative stress causes damage by
causing lesions such as base and sugar modifications,
single and double chain breaks, DNA-protein cross-
linking on deoxyribo nucleic acid by different mech-
anisms [16]. In our study, 8-OHdG, a marker of
oxidative DNA damage, was found to be higher in the
damage group (Group 2) than the other groups. We
think that this is due to the insufficiency of existing
antioxidant mechanisms as a result of ischemia and
TCA. In the groups given T violacea extract, the lower
8-OHdG level can be explained by the external antiox-
idant effect of T. violacea extract [8].

Murugesan et al. [17] investigated the protective
role of 7. violacea extract on isoproterenol-induced
myocardial necrosis in rats. In their study, they treated

rats with 7. violacea extract (60 mg/kg body weight)
daily for 30 days. Myocardial necrosis was induced by
subcutaneous injection of isoproterenol (85 mg/kg
body weight) on days 29 and 30 in rats. On the 31st
day, the rats were sacrificed under anesthesia and their
blood and tissues were collected. In the results of my-
ocardial necrosis induced by isoproterenol; stated that
cardiac markers, lipid peroxidation products and heart
rate levels increased significantly, while plasma enzy-
matic antioxidants decreased significantly. At the end
of the study, they stated that the treatment of myocar-
dial necrosis with 7. violacea extract showed signifi-
cant effects on all biochemical and molecular studies.
They also found that 7 violacea extract increased an-
tioxidant production and had a protective effect on iso-
proterenol-induced myocardial necrosis in rats [17].
In our study, we found positive effects of 7. violacea
extract on cardiac damage (oxidative stress and DNA
damage) caused by circulatory arrest.

Modeley et al. [18] investigated the cardiovascular
effects of TV methanolic extract in Dahl salt sensitive
rats. In their study, Dahl salt was administered in-
traperitoneally in rat groups. After that, distilled water
(3 ml/kg) to the control group; captopril (25 mg/kg)
to one group; and 7. violacea methanolic extract (50
mg/kg) to one group were administered for 7 weeks.
As a result of their study, they stated that besides many
positive effects, T. violacea extract, when applied for
a long time, showed an antihypertensive effect in rats
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sensitive to Dahl salt [18]. Raji ez al. [19] aimed to in-
vestigate the effect of 7. violacea extract on blood
pressure and heart rate in aging normotensive rats and
adult spontaneously hypertensive rats. As a result of
their study, they stated that 7° violacea extract signif-
icantly and dose-dependently reduced systolic and di-
astolic blood pressure, and mean arterial pressure in
both rat groups [19].

In some studies, it has been shown that 7. violacea
extract has antithrombotic and anticoagulant effects
[20, 21]. Davison et al. [20] investigated the properties
such as platelet aggregation, adhesion and protein se-
cretion in both in vitro and ex vivo rat models to de-
termine the effects of 7. violacea extract on platelets
in their study. In their study, they stated that 7" violacea
extract had a higher inhibition on platelet aggregation
and agglutination than aspirin. They stated that in the
prothrombin time test, it decreased the coagulation
times, but prolonged the coagulation time in the acti-
vated partial thromboplastin time (aPTT) experiment
in the ex vivo model, which showed its antithrombotic
ability. They found that the 7. violacea extract in-
creased D-dimer and fibrinogen-C concentrations in
the in vitro model, but had no effect on D-dimer con-
centrations. In the ex vivo model, they found that it
decreased fibrinogen-C values. As a result, they re-
vealed that 7' violacea extract has a beneficial effect
on the modulation of platelet activation by decreasing
fibrinogen levels, increasing the aPTT duration, and
through the glycoprotein receptor IIb in platelets [20].
There are also studies showing the protective effect of
T’ violacea extract on other organs (kidney, liver) and
tissues (aortic tissue) [22- 24]. In their study, Olorun-
nisola et al. [22] investigated the protective effect of
T’ violacea extract in rats fed on an atherosclerogenic
diet (4% cholesterol, 1% cholic acid and 0.5%
thiouracil). They also investigated serum lipid profile,
tissue antioxidant enzyme depletion, endothelial dys-
function, histopathological changes in the aorta and
liver of rats. In the groups treated with 7. violacea ex-
tract compared to the atherogenic control group; There
is a significant decrease in the activities of serum
markers of liver (Lactate dehydrogenase, aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase, bilirubin) and kidney (creatinine and
bilirubin) damage. They stated that the extract con-
firmed its protective properties. They also stated that
T’ violacea extract protected against the development

of fatty streak plaques (aorta) and fatty changes in he-
patocytes in their histopathological evaluation of aor-
tic sections [22]. Similarly, positive effects of T.
violacea extract were observed in the histopathologi-
cal evaluation of liver and kidney tissues in our study.

Limitations

The lack of budget-based biochemical parameters in
our study is among the limitations of our research. In
addition, the mini CPB circuit was not used in our
study. Despite this limitation, beneficial effects of 7.
violacea extract have been demonstrated in the arrest
model. Our work needs to be supported by new studies
using mini CPB circuits.

CONCLUSION

The application of aortic cross-clamp and TCA meth-
ods in cases performed with CPB in cardiac surgery
causes signs of cardiac damage due to ischemia in the
heart tissue. Although cardioplegia solutions form the
basis of myocardial protection, it is obvious that a ho-
listic approach is required. For this purpose, all pre-
operative, intraoperative and postoperative variables
should be evaluated. In the light of these results, we
think that 7’ violacea extract is protective against car-
diac damage and other organ damage and may be a
potential therapeutic agent. We also think that these
data will form the basis for further experimental and
clinical studies.
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ABSTRACT

Culture and mental health are intertwined concepts. Culture should be regarded as the set of distinctive, spiritual,
material, intellectual, and emotional properties of a society or a social group, encompassing lifestyles, ways of
living together, value systems, traditions, and beliefs, in addition to art and literature (UNESCO, 2002). Culture
consists of different components, including ethnicity, race, religion, age, sex, family values, and the location
of the country. It should also be noted that culture is not a static phenomenon. Defining a culture specific to a
certain ethnicity, country or region is often not a realistic approach. Many factors, such as the location of a
certain city of a country or a certain region of the said city, as well as the inhabitants’ occupational, economic
and family positions, have an impact on lifestyles. Globalization, migration, acculturation, assimilation and
transition cultures create significant heterogeneity in the very same society. Mental health can be defined as a
state of balance that individuals experience both intra-personally and also with other people within their
environment. In modern times, we have come to witness that the world we live in transforms at a speed that is
challenging to human nature, rapid changes destroy the usual patterns, social ties evolve into ties established
in the virtual world, perception replaces reality, and artificial intelligence-like elements turn into new
management tools. The spirit of the new century, while flattering human instincts, compresses authenticity,
solidarity and peace into ceremonial sentences.
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ulture and mental health are intertwined concepts
[1]. Culture should be regarded as the set of dis-
tinctive, spiritual, material, intellectual, and emotional
properties of a society or a social group, encompassing
lifestyles, ways of living together, value systems, tra-
ditions, and beliefs, in addition to art and literature
(UNESCO, 2002). Culture consists of different com-
ponents, including ethnicity, race, religion, age, sex,
family values, and the location of the country [2]. It
should also be noted that culture is not a static phe-
nomenon.
Defining a culture specific to a certain ethnicity,
country or region is often not a realistic approach.

Many factors, such as the location of a certain city of
a country or a certain region of the said city, as well
as the inhabitants’ occupational, economic and family
positions, have an impact on lifestyles. Globalization,
migration, acculturation, assimilation and transition
cultures create significant heterogeneity in the very
same society.

Mental health can be defined as a state of balance
that individuals experience both intra-personally and
also with other people within their environment [3].
In modern times, we have come to witness that the
world we live in transforms at a speed that is challeng-
ing to human nature, rapid changes destroy the usual
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patterns, social ties evolve into ties established in the
virtual world, perception replaces reality, and artificial
intelligence-like elements turn into new management
tools. The spirit of the new century, while flattering
human instincts, compresses authenticity, solidarity
and peace into ceremonial sentences.

Multi-channel, rapid flow of information and
changes in family structure and values are dazzling
even for people a generation ago. Right at the turn of
the new century, we are blown away by the winds of
postmodernity, that is, an era "post truth".

Demoralization

It is a subjective feeling of inadequacy and rest-
lessness, a state of boredom, weariness, powerless-
ness, and discouragement. Current issues, stress,
speed, and loneliness are often frustrating. Therefore,
not surprisingly, stress is one of the top health risks of
the 21st century.

Sometimes, culture can also be a stressor of psy-
chopathology and can activate mental problems in in-
dividuals who have a predisposition to a mental
pathology [4]. Common causes of demoralization in-
clude belonging to disadvantaged classes, poverty, vi-
olence, unemployment [5] and authoritarianism [6].
The "tend and befriend" attitude is suggested to have
evolved as a typical female response to stress [7].

Chronic Depression

Chronic depression is a long-lasting, fluctuating,
low-intensity state of depression that a person experi-
ences as a part of their usual self. Such cases, where
the disease/health boundary is not clear, present men-
tal health professionals with a challenge: mental prob-
lems intertwined with or originating from personality
pathologies and resistant to treatment or even diagno-
sis [8].

Although its prevalence in the society is limited
[9], chronic depression turns into a lifestyle, some-
times a subculture element, and overlaps with human
unhappiness. Chronic depression is fairly common in
individuals who are exposed to social stress and have
a low education level [10].

It can be said that in most cultures, individuals
prone to depression at times form a subcultural group
or gather in such groups. Since individuals in such sit-
uations do not seek help, the gravity of the problem is
overlooked. The mental well-being of those who be-

long to groups of satanism, nihilism, anarchism, po-
litical and social violence, as well as followers of
arabesque and some metal music, is always controver-
sial. Listening rates of music that imposes violence,
aggression, discrimination, nothingness/nihilism can
provide clues about the prevalence of psychological
problems in the society [11].

Roads to the Blues

First Trauma/First Pain

The arrival in a cold and hostile world from a warm
and sheltered mother's womb is defined as a traumatic
separation by some psychoanalysts [12]. Mystics talk
about the sadness of being cut off from God and
thrown to earth. Sufi philosopher Rumi uses the moan-
ing sound of Ney, which was plucked from the reed,
as a metaphor for this pain [13].

Family: Great Advantage, Great Risk

While healthy families are a reliable and indispen-
sable line of defense for their members, broken and
restless families create significant mental and behav-
ioral problems in children [14].

In our strongly traditional society, families' devo-
tion to their children is widely applauded, however,
this exaggerated attention can impair the child's indi-
viduation as well as coping abilities. Children's mental
health is adversely affected not only by those who are
oppressive and disciplined, but also by families who
make an effort to ensure that their children do not
"stand on their own legs" [15]. This can result in chil-
dren transform into people who cannot live on their
own, who cannot make decisions, who cannot take on
responsibilities, who are insecure, weak, and some-
times prone to crime.

The attitude of first glorifying children and later
complaining about them is a common Turkish family
attitude.

Expectations

Globalization and unlimited communication pos-
sibilities raise people's expectations in terms of better
living standards. The resulting inconsistency between
desires and reality increases the tension. Cultural im-
perialism, human-made disasters have a potential
tsunami effect on our lives. Some real, some distorted
consumption displays are reflected to the public, and
these can cause new feelings of disappointment, self-
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pity or anger in some people every single day. Young
people and adolescents are the most at risk in today's
era of rapid communication and change, so to speak,
they are on a knife-edge in this regard.

Poverty can be a clear cause of depression through
triggering social stress [16]. The most suitable seg-
ment of society for individuals to feel peaceful, bal-
anced and comfortable is known to be the middle
class. On the other hand, most people in vulnerable
socio-economic segments are also able to protect their
mental health by accepting the conditions in which
they were born and raised, by showing solidarity and
having realistic and small expectations [8].

Relations, Traditions

Values, sincere human relationships and the effect
we have on others always have a significance in terms
of mental health. The determinant effect of the rule
"it's other people that make people sick" [17] is in-
creased in societies where tolerance and altruism are
minimized.

Urbanization negatively affects family structure
and support systems. In societies where people's trust
in one another is severely damaged, we see that this
mental support too, which is of great importance, di-
minishes. All practices that do not prioritize trust and
respect for people are irritating and lead to
“diseases/disturbances”.

Cultures and traditions play an important role in
identity formation. The middle classes have so far car-
ried the tradition with moderate and humane interpre-
tations. In traditional societies, however, this human
intimacy may carry the risk of "lack of ability to keep
the appropriate distance", in addition to the psycho-
logical benefit it provides.

Solid and irrational cultural-traditional elements
can darken the atmosphere in which people live and
create an intense spiritual pressure on them. Sexism is
practiced with incredible normality and inhumanity in
some regions where the means of claiming rights are
limited. For women in these places, spiritual growth
is out of the question. In particular, the double standard
of "honor" code of ethics produces appalling results
[18].

Pathological thoughts of guilt and sinfulness may
diminish as traditions move to a more rational and
gentle plane. In our culture, the depressive personality
profile focused on self-sacrifice and the love, wishes

and expectations of others overlaps with the definition
of being a "good person".

The weakening of moral values was leveled off by
the strengthening of law in the West. In underdevel-
oped countries, however, the law has only been the de-
mand of the weaker groups. Therefore, legal or moral
values have remained valid and important only for
those with little power.

From a generalist point of view, it can be said that
helplessness, dependence, resignation, emotionality
and a structure of a “communion” come to the fore in
Eastern societies, while self-confidence, ambition for
success, independence, objection, rationality and in-
dividuality are dominant elements of culture in West-
ern societies.

Religions and Ideologies

Religion can produce many mental health-enhanc-
ing cognitions. Moreover, it is often protective against
alcohol, substance abuse, and stressful life events that
are more commonly seen in the secular world. How-
ever, some religious beliefs, such as Catholicism and
Judaism, impose guilt in ways that negatively affect
mental health. Some religious groups may downplay
psychological treatments and interpret these diseases
as God's punishment, leading to devastating results for
individuals [19].

Some delusional symptoms and compulsive rigidi-
ties can be considered as signs of "religiosity" and can
have devastating consequences in terms of religion as
well. Today, shamanistic practices such as contact with
the jinn, casting spells, incense-amulets have turned
into a tool for exploiting mental problems. Mystical,
mysterious, and sometimes pathological approaches
that equate ignorance with belief can confuse people
and thus lead them to devalue ways of seeking scien-
tific remedies.

The unhealthy way of interpreting the verses of the
Qur'an for one’s own self and the verses of punishment
for others is the most harmful epidemic in the Islamic
world. Radical/fanatic groups can make religion a tool
of separation, polarization and conflict rather than a
unifying one. It is possible to call this the "personal-
ized or grouped" form of religion. In every age, many
greedy and some mentally ill people who claim to
speak for God have used the concept of "sin" as a stick
to psychologically beat people, instilling despair, fear
and distrust into them.
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Letting religion into the Wailing

As in Christianity and Judaism, mourning and
grief formed the basis of religious life in some Islamic
sects. These groups practice their religion within a sad-
ness that could be found in a funeral. Constantly cited
traumas instill a “no laughter” culture in religious peo-
ple. The saying, which is part of our culture, "to make
honey out of pain" is actually a cry from the nooks of
traumatic centuries.

The “afflicted” approach not only predisposes peo-
ple to depression, but also offers depressive individu-
als an attractive ground where they can perceive their
illness as “good deeds”.

Hundreds of obsessional/phobic rituals infiltrating
religions, filling and clamping life with superstitions
and ghosts, can mask the original religious thought.
Hymns, in the form of bad and intensified adaptations
of arabesque music, create a deep belief confusion in
people, along with arbitrary approaches that distort re-
ligious messages with subjective elements of person-
alities or politics. After all, for a society with a poor
education level, it is much more comfortable to "be-
lieve what the elders say" than to actually research it.
How sad it is that people of the same religion call
killing each other jihad (!).

Mysticism: the Comfort of Slowness

Mysticism exists in all religions, but it is dominant
in Middle Eastern and Far Eastern beliefs. Emerging
as a reaction to an over-attachment to worldly life, it
has fostered a culture of renunciation, and of trivializ-
ing the world or oneself.

Mysticism sometimes can overlap with laziness,
and bless pathological behaviors and folk narratives.
Both to consider perceptual changes observed in mys-
tics as psychosis and to consider psychosis as a "saint-
liness" can lead to dramatic results.

Until the 12th century, the sects have been the cen-
ters of solution in the political, economic and social
turmoil in the majority of the world. From the eigh-
teenth century onwards, with the acceleration of social
turmoil and the creation of an atmosphere of pes-
simism and despair, the sects regained their functional
and reactionary qualities. Although the sects were
originally a reaction against the collapse and corrup-
tion, they could not stay away from being a part of the
corruption themselves [20].

Concepts such as Doomsday, Mahdi, Messiah,

fairies, spells, miracles, ghosts, and omens are subjec-
tive and vague concepts, to which those who object
can be declared as unbelievers. Some people may
leave their school, work or home due to scheduled
doomsday scenarios.

Religious Communities/Sects

Whether religious or secular, people with similar
lifestyles in Turkey are positioned in different “com-
munities” and are alienated from others.

Religious communities are also examples of ex-
traordinary spiritual and social support that emerged
with the principle of solidarity in goodness. Naturally,
excessive empowerment/growth of these groups can
also increase degeneration, thus feeding external or in-
trapsychic conflict instead of spiritual support.

Some communities have severely criticized ap-
proaches to religion that are different from their own.
These groups can use cruel expressions such as “infi-
del, apostate, irreligious, profane, perverted, traitor”
against other religious groups, despite not using these
against anyone else. It is thought-provoking that in the
struggle for power, some religious groups resort to
ways that Islam deems as despicable as murder, such
as blaming, stigmatizing, envy, backbiting, lying, slan-
dering. What really happens is related to anger and
self-interest rather than religion. The justification of
violence in the name of religion has thrown the devel-
opment and chemistry of the mind of the Islamic
World into disorder.

Religious discourse with violence, abuse and con-
fusion has decreased in the West due to rationalism
and secularism.

Ideologies: Modern Religions

In modern times, we have seen the rise of "false
religions" such as militarism, fascism, technology, na-
tionalism, consumerism, fundamentalism, new
ageism, asceticism, and psychologism [21].

Although ideologies, i.e. "straitjackets put on our
intellect" [22], fascinated mostly anxious and insecure
people [23] with their strange prophets and left, sev-
eral mysterious types of faith still continue to exist
with similar followers.

The fact that the world is unfair and will never be
fair has turned ideologies into "the religion of the op-
pressed or the angry". Through their own clergy, they
developed a fierce and ruthless super-ego, declared
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countless "traitors" and "renegades", instilled in peo-
ple an excessive sense of guilt, and ruthlessly shed
blood. They shook the established orders, but every
revolution only spawned new dictators and oppressed
every individual whether or not they were different
from them.

Turkey: the Battlefield of Prejudies

Centuries of defeats, losses, tensions that are rem-
nants of poverty and ignorance, authoritarian attitudes,
thirst for fair share, disappointments, traumas laid the
groundwork for the language of anger and hatred, po-
larization and conflict. This ground seriously damaged
both social culture and mental health of individuals.
The carriers of the original culture and traditions dis-
appeared. Two different social structures were formed,
separated from each other by their value judgments,
culture, perception of the world and political prefer-
ences [24]. In this vein, a headline in the New York
Times was shocking: “In Grief (Great Ankara mas-
sacre) and in Triumph, (Nobel Chemistry prize) Turks
Remain Divided” [25].

Extremist groups that despised reconciliation
within a closed-circuit, bi-communal “community”
network disrupted social peace. The broad masses of
people who wanted to live together were frightened
and in despair. We still live in a shallow intellectuality
where we fight over which leader from the past is the
most superior.

We have only one condition to love people and to
be tolerant (!) towards them: they must be one of us.
A language of political confrontation rather than un-
derstanding the other, a "victim" psychology full of ir-
rational-emotional reactions... This blind fight darkens
our world and our souls.

Turkish society has reached a partial level of
democracy awareness with the short periods of free-
dom it has enjoyed in every ruling period since the
foundation of the Republic. However, it has produced
a society that operates with new tensions, restrictions
of law and human rights and a spiral of "trauma-po-
larization" due to the administrations that soon became
authoritarian. “Not speaking up in order to survive”
behavior and submission create a joyless, insecure so-
ciety. High masculinity shows its depressive effect in
Turkey, as in many other countries [26].

Since an effective legal system and sound institu-
tions have not been established, authoritarianism con-

tinues to change hands in Asian-Middle Eastern coun-
tries. This fuels sociopolitical conflicts and unrest [27].

Modernism: Global Culture/Social Media

Globalization has rapidly blurred the traditional
structure of culture. Especially in cultures in transition,
rapid acculturation and deculturation caused a return
to more defensive and fundamentalist values and in-
creased tensions. Traditional support systems have
worn down, and conflict, restlessness, and mental
problems have increased between individuals who are
acculturated and those who are not, even within the
same family [28].

In today's world, people are living in a plastic and
narcissistic age that is increasingly associated with de-
structive competition, greed for consumption, income
gap and individualism. A frightening illusion of free-
dom with no reference... We are no longer exposed to
real events and people, but to images in the media.

According to 2021 statistics, 4.2 billion people are
social media users, that is, 53% of the world's popula-
tion [29]. While social media expands individual free-
doms, especially the freedom to receive information,
it is also an atmosphere that produces fear through
false information flows, perception operations directed
by different sources, information theft, crime, terror-
ism, hate speech, myths, distortions, lies and specula-
tion [30].

Turkey ranks high in the world with up to eight
hours of internet use per day [31]. It is not very prom-
ising that the Turkish society is ranked 104" among
150 countries in the 2021 World Happiness Index [32],
and 8th in the Most Angry list [33].

Social media use has been reported to be associ-
ated with depression and anxiety in youth and adoles-
cents [34].

Social media affects our sleep, lifestyle and inter-
personal relationships, as well as the addiction it cre-
ates, the constant distraction with hundreds of
messages containing messy information every day,
and the fact that it confronts us with problems all over
the world. Social media is the world's largest and most
complex garbage dump with its information and noise
pollution, surprising perspectives, and competition/
comparison / show / consumption-oriented structure.
At the same time, it is also an arena of "zombification"
in which disidentification and plastic phenomena are
role models.
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In this regard, it is mandatory to take the social
media education as a starting point for an evaluation.

Postmodernism: the Comfort of Live Without a
Hero
"Anything goes".

A new era began with the realization that heroes
are no different from ordinary people. Postmodernism
is an objection to Western culture and "grand narra-
tives", "grand projects", "grand principles". It rejects
both rationality, positivism/objective reality, value sys-
tems and the sanctity of concepts such as universality
and freedom. It relativizes not only morality but also
science, and is based on self-reference.

Post-modernism emphasizes the disappearance of
beliefs and optimism about art, literature and scientific
ethics after the Second World War: criticizing every-
thing and everyone, considering almost nothing as cor-
rect, being normless and unprincipled.

The characteristics of post-modern consciousness
can be defined as emptiness, pessimism, apathy, skep-
ticism (35).

The quest to loosen the restrictive bonds of tradi-
tion has put humanity under risk of breaking away
from healthy bonds as well.

Unprecedent Speed of Change!

The most important problem of the age is the un-
precedented change. The data produced in a single day
in recent years is many times more than in the past.
Those who dominate the data have also begun to dom-
inate the societies.

We cannot find the time to adapt to this rapid
change with our minds, habits and institutions. Many
areas, including family, work, school, friendships, cus-
toms, trade, have shifted to very different areas. The
habits and rules taught as recently as yesterday are
falling into disuse in a very short period of time.

Rapid change produces fear and meaninglessness:
“We went so fast that our souls are left behind.” I won-
der if we completely broke the value system while try-
ing to stretch values? Have we murdered our
conscience while softening the super ego?
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ABSTRACT

Objectives: Matrix Metalloproteinases (MMPs), these calcium-dependent zinc-containing endopeptidases play
an important role in adipogenesis and angiogenesis by modifying tissues and degrading the extracellular matrix
(ECM). Matrix glycoproteins, gelatin, collagens, proteoglycans and elastin are all found in the ECM. Current
meta-analysis confirmed the lower levels of IL-6 and CRP was found following bariatric surgery. Several
studies have shown correlations between E-selectin levels, BMI, and MMP-9 levels. There was also a strong
link between the metalloproteinases MMP-2 and MMP-9. MMP-2 and adiponectin levels are related. MMP-9
levels, on the other hand, were modestly linked with E-selectin and HDL cholesterol levels, as previously
stated. Also current observations imply that alterations in the ECM caused by MMP-mediated degradation
may be crucial for the differentiation of adipocytes. The most crucial component of this is that MMPs are
involved in the remodeling of tissue after gastric bypass surgery, as revealed by these markers (especially
MMP-2 and MMP-9). Thus, it is tempting to assume that adipocyte derived MMPs may constitute a novel
pharmaceutical target for limiting adipose tissue development through the reduction of adipocyte differentiation
and angiogenesis. MMP-2 exhibits far more accurate oscillations than MMP-9 during pre- and post-surgical
weight fluctuations, and hence may be used as a predictor for gastric bypass success. The purpose of this paper
is to conduct a comprehensive review of the literature with an emphasis on the critical functions that MMPs
have in the pathophysiology of obesity and the related diseases.

Keywords: matrix metalloproteinase, morbid obesity, metabolic surgery, extracellular matrix

MPs are calcium-dependent zinc-containing en-

dopeptidases that play a role in adipogenesis
and angiogenesis by modifying tissues and degrading
the extracellular matrix (ECM). Matrix glycoproteins,
gelatin, collagens, proteoglycans and elastin are all
found in the ECM. MMPs are not normally highly
produced in normal physiological settings; nonethe-

less, overexpression of MMPs disrupts the balance of
MMP activity and tissue inhibitors of MMPs (TIMPs)
resulting in a range of clinical diseases. MMPs are
classified into over 25 distinct subtypes [1]. MMPs
also break pericellular proteins and surface molecules,
depending on the substrate, and are therefore impli-
cated in cell behavior regulation [2].
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Obesity has been linked to an increase in the num-
ber of adipocytes and preadipocytes, as well as mi-
crovascular endothelial cells [3]. MMP-2 and MMP-9
are two essential enzymes involved in the modulation
of the ECM and the production of adipocytes and
preadipocytes, respectively. Obese people had higher
MMP-2 and MMP-9 levels, which resulted in an al-
tered ECM metabolism [4].

The purpose of this paper is to conduct a compre-
hensive review of the literature with an emphasis on
the critical functions that MMPs have in the patho-
physiology of obesity and the related diseases.

METHODS

The article is a narrative review based on a PubMed
search of the English-language medical literature for
essential elements of the stated goal so that we can cre-
ate a global picture of the impact that MMPs have on
morbid obesity and the conditions that accompany this
pathology.

Obesity and Biologic Systemic Status

Systemic  inflammation, infiltration  of
macrophages into adipose tissue, and ECM remodel-
ing mediated by MMPs are all characteristics of obe-
sity. Macrophage infiltration is an indication of
adipose tissue inflammation caused by obesity [5].
Macrophage infiltration is also critical for the control
of ECM turnover and fibrogenesis, both of which are
mediated by various MMPs [6].

The same alterations have been seen in obesity-in-
duced fatty liver macrophages [7]. There is still a need
to gather further data to show a link between the ex-
pression of MMP in adipose and hepatic tissue. To cre-
ate regions of fibrosis in an organ, it starts with an area
of inflammation and an imbalance between ECM cre-
ation (that is, fibrogenesis) [8-10] and ECM break-
down (which is fibrinolysis) [11, 12].

De Meijer et al. [13] showed that a 60% fat diet
might result in an increased fat index (a measure of
obesity) and so promote obesity. Furthermore, it leads
to insulin resistance and hepatic steatosis over time,
both of which are linked to obesity [13].

Domienik-Karowicz et al. [14] demonstrated that
the development of diet-induced obesity in an obesity-
induced model was linked with an increase in the ex-

pression of MMPs in adipose tissue. The relevant
MMPs are MMP2, MMP3, MMPS, MMPI12,
MMP13, ADAM17, TIMP1 and TIMP2 [14]. This re-
sult supports the findings of Lijnen et al. [15] and
Chavey et al. [16]. The most consistent finding across
most of the research was an elevation in MMP3,
MMP8, MMP12, MMP13, and TIMP1 gene expres-
sion.

MMPs play an important part in the management
of adipogenesis by performing proteolytic activities
throughout adipose mass growth [17].

While our meta-analysis confirmed the lower lev-
els of IL-6 and CRP following bariatric surgery, the
mean difference for the modification of TNFa did not
achieve statistical significance at any of the follow-up
intervals. These cytokines are significant because they
have a role in the pathophysiology of type 2 diabetes
and coronary heart disease [18].

Additionally, MMPs are also involved in glucose
homeostasis. Derosa et al. [19] discovered elevated
MMP-2, MMP-9, TIMP-1, and TIMP-2 plasma levels
in diabetic patients, indicating a disruption in ECM
metabolism in diabetes. Boden et al. [20] observed
that hyperinsulinemia enhances membrane MMP-1,
MMP-2 and MMP-9 activity in aortic tissues in agree-
ment with this concept.

MMP in Other Related Diseases

It is now well accepted that high adipose tissue
formation is a risk factor in and of itself for hyperten-
sion, diabetes, atherosclerosis as well as cardiac and
vascular dysfunction. Increased calorie intake com-
bined with lower energy expenditure increases
adipocyte substrate availability, resulting in hypertro-
phy [21].

ECM metalloproteinases (MMP-2 and MMP-9),
E-selectin, adiponectin, CD40L and PAI-1, all have a
role in atherosclerosis. Extracellular MMPs are en-
gaged in ECM remodeling as well as basal membrane
remodeling. Increased proteolysis and endothelial in-
jury or matrix constituent buildup are determined by
an imbalance between MMPs, their inhibitors, and a-
2-macroglobulin. MMPs have been proven to play an
important role in the atherosclerotic process, the reg-
ulation of adipogenesis, the blood vessels remodeling
as well as cardiac muscle walls [6, 7].

Obesity progresses by a process of substantial remod-
eling of the adipose tissue that includes angiogenesis,
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hyperplasia, and hypertrophy.

In contrast to other adipocyte-derived hormones,
adiponectin has a negative correlation with visceral
fat, BMI, and body weight, according to some authors,
however numerous studies contradict this theory. In
clinical practice, hypoadiponectinemia is a solid and
favorable predictor of type II diabetes, lipid disorders,
arterial hypertension, and nonalcoholic fatty liver dis-
ease [22].

Several studies have shown correlations between
E-selectin levels, BMI, and MMP-9 levels. There was
also a strong link between the metalloproteinases
MMP-2 and MMP-9. MMP-2 and adiponectin levels
are related. MMP-9 levels, on the other hand, were
modestly linked with E-selectin and HDL cholesterol
levels, as previously stated [4, 5].

The hypertrophy and hyperplasia of adipocytes
have been extensively researched. The mechanisms
behind these processes are not known at the moment.
There is a paucity of evidence on the control of angio-
genic processes and also the ECM modification during
fat mass accumulation and the resolution of obesity
throughout time. Adipocytes perform significant meta-
bolic functions and are capable of producing a variety
of substances, including growth factors and cytokines,
that are involved in the paracrine control of adipose
tissue remodeling. Adipocytes, on the other hand, re-
lease proangiogenic substances such as tumor necrosis
factor-oX, monobutyrin [23], leptin, and vascular en-
dothelial growth factor (VGEF). ECM components are
generated and destroyed during adipocyte develop-
ment, and some investigations have shown that
adipocyte differentiation is modulated by the ECM en-
vironment [11, 12, 17].

To confirm that the released MMPs originated
from mature adipocytes, many tests were done on
newly obtained mature adipocytes. RT-PCR study
using primers specific for MMP-9 and MMP-2
cDNAs confirmed the existence of both transcripts in
human adipocytes, but the expression of MMP-2 was
much higher than MMP-9, while MMP-9 also had a
significant individual variation. MMP-2 activity was
considerably higher in human fat tissue than in MMP-
9 activity. Additionally, under the same settings, both
mature MMP-2 and pro-MMP-2 were found. MMP-
9 increased somewhat throughout the first seven days
of differentiation, reaching a peak on day 7, and then
dropped [24-26].

As previously stated, MMP-2 and MMP-9 suppression
reduce adipocyte development. Preadipocytes may
represent the link between MMPs and adipocyte dif-
ferentiation. To test if the MMP activity, secreted by
adipocytes, has a role in differentiation, in the presence
of adipogenic media, preadipocytes were treated with
batimastat (0.5-10 mmol/l) escalating doses of MMP
inhibitors, and captopril (100-1,000 mmol/I).

Bouloumie et al. [27] established for the first time
that the adipose tissue of humans produces and se-
cretes MMP-2 and MMP-9. Further investigation of
MMPs secreted by adipocytes on the mouse
preadipocyte indicates that MMP-9 and MMP-2 pro-
duction and the release are higher throughout
adipocyte development. These findings demonstrate
unequivocally that MMPs are required for adipocyte
development [27].

Despite what was previously stated, adipocytes
demonstrated substantial interindividual variability, in-
dicating that adipocyte-derived MMP production, se-
cretion, and activity may be regulated by
as-yet-unidentified modifying variables [28].

While the extracellular network of fibronectin and
the network structures of laminin, as well as type IV
collagen are damaged throughout the differentiation
process of adipocyte, the network of type I collagen,
which is the last to mature, remained intact. To under-
stand why skin elasticity is affected both by obesity
and weight reduction, it is important to understand the
structural degradations in elastin, fibronectin and sub-
cutaneous collagen [29, 30].

Taken together, the current observations imply that
alterations in the ECM caused by MMP-mediated
degradation may be crucial for the differentiation of
adipocytes. Furthermore, given that TIMP inhibited
angiogenesis induced by adipocyte conditioned
medium, it is tempting to infer that MMPs may repre-
sent novel, intriguing therapeutic targets for monitor-
ing adipose tissue growth by decreasing adipocyte
differentiation and angiogenic processes [31].

There is evidence to support the production and
release of MMP-9 and MMP-2 by human adipose tis-
sue. Indeed, whereas MMP-2 activity was much
greater than MMP-9 activity, both were detectable [32,
33].

The levels of MMP-9 were shown to be consider-
ably greater in individuals with metabolic syndrome
and obesity (BMI values) as compared to those with

413



Eur Res J 2022;8(3):411-419

Metalloproteinase matrix in morbid obesity

no metabolic disorders as well as normal body weight.
Derosa et al. [19], and other studies established a link
between MMP-9 and body weight parameters in indi-
viduals with severe obesity before to and after bariatric
surgery [34-36].

Not only are the advantages of bariatric surgery
biological in nature, but they also seek to enhance
one's quality of life. Several studies (Mirica et al. [12,
17]) reveal that the majority of patients who have
bariatric surgery, increases their athletic performance
and frequency, as well as their sexual status (p <0.05).
Additionally, 44% of patients improved their libido
and intercourse quality. Bariatric surgery's less inva-
sive method enables a rapid reintegration of the patient
into regular activities [37, 38]. Bariatric surgery should
be seen in terms of the benefits it provides to daily life
[39-43].

MMPs in Diabetes

Along with weight loss, bariatric surgery may sig-
nificantly improve glycemic control in obese with type
IT diabetes patients. As a result, it is also known as
metabolic surgery. Additionally, the impact on type II
diabetes and body weight varies according to the kind
of bariatric surgery performed, although the precise
processes behind these effects are unclear [44].

Numerous biological variables are considered to
have a significant role in diabetes pathogenesis. Fe-
tuin-A, for example, is a secretory protein made by the
liver that binds to the insulin receptor blocking the in-
sulin signaling and ultimately inducing in vitro insulin
resistance. In humans, it is also connected with dia-
betes and insulin resistance. MMP-7 is another indi-
cator of diabetes since it is capable of digesting ECM
structural proteins. Additionally, it is required for the
development of cancer, innate immunity, and inflam-
matory illnesses such as scleroderma. MMP-7 levels
were also shown to be elevated in individuals with
type Il diabetes, diabetic diastolic dysfunction, dia-
betic renal illness. However, the precise process re-
mains a mystery [45].

As shown in multiple investigations, the preoper-
ative blood MMP-7 level correlates with preoperative
age, obesity-related metabolic diseases and indicators
of central obesity. Serum MMP-7 levels are increased
in patients with liver steatosis, type II diabetes, car-
diovascular disease, and abdominal obesity [46].

Diabetes affects the blood levels of fetuin-A and

MMP-7 in obese persons. At one year following sur-
gery, Roux-en-Y gastric bypass (RYGB), mini gastric
bypass MGB, and sleeve gastrectomy (SG) all low-
ered circulating fetuin-A levels while simultaneously
lowering glycemic levels and antidiabetic therapy
dosages. On the contrary, as Yang ef al. [22] demon-
strated, after RYGB, MGB, or SG the circulating
MMP-7 levels were constant.

MMPs in Vascular Remodeling

The production of new blood arteries (angiogene-
sis) is essential for tissue development, tissue repair,
and, unfortunately, solid tumor growth. MMPs may
play a role in angiogenesis in three ways: they can fa-
cilitate the migration of endothelial cells into adjacent
tissues by removing the barrier of ECM, they can en-
courage it by freeing stored angiogenic substances,
and they can deny it by creating-angiogenic break-
down products. Furthermore, during the development
of newly created blood vessels, the equilibrium be-
tween MMPs and their inhibitors must be reestab-
lished to promote basement membrane formation,
endothelial cell differentiation, as well as quiescence
[47-50].

MMPs may potentially suppress angiogenesis by
producing anti-angiogenic peptides. Angiostatin is a
plasminogen breakdown product produced by MMP-
2, MMP-3, MMP-7, MMP-9, and MMP-12 [51-55].
However, the role of MMPs in inhibiting angiogenesis
is unknown, even though they are unquestionably sig-
nificant positive regulators of angiogenesis.

MMPs in Cancer

MMPs are abundant and are triggered more fre-
quently in malignancies than in benign, normal, or
even premalignant tissues, with the greatest levels of
expression occurring near the tumor-stroma interface
during an active invasion. MMP expression has been
shown to correlate significantly positively with a va-
riety of indications of poor prognosis in practically all
kinds of cancer. Increased MMP levels may be re-
garded as an independent predictor of decreased dis-
ease-free survival as well as an overall survival factor.
It has been proven that when MMP activity is elevated
or TIMP activity is decreased, benign cells develop
malignant features. Malignant cells may become less
aggressive by lowering their MMP levels or limiting
their activity MMP-1, MMP-2, MMP-3, MMP-9, and
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MMP-14 have all been associated as agonists of an-
giogenesis, tumor invasion, and metastasis, as was re-
viewed by Sternlicht et al. [56].

Because endothelial cells cannot penetrate the
ECM if it is not degraded, malignant cells cannot
spread above it if the ECM is not inhibited or de-
graded. Recent data shows that MMPs have a greater
influence on cancer than simply removing physical
barriers; several MMPs have been demonstrated to
promote early cancer formation, with MMP-3 promot-
ing late epithelial-mesenchymal phenotypic changes
associated with more severe malignant behavior [57].
These findings support the hypothesis that MMPs may
play a role in practically every stage of cancer devel-
opment, both early and late. Certain MMPs may in-
hibit cancer development, whereas others may not be
involved in cancer but clearly perform basic physio-
logic functions. These alternatives must be explored,
and the processes behind MMPs' impact on cancer
must be fully understood, in order to maximize the ef-
ficacy while limiting toxicity of treatment medicines.

DISCUSSION

MMPs play an important part in adipogenesis through
their proteolytic activity during adipose tissue remod-
eling. Hanusch-Enserer [7] established in 2009 that
MMPs and ECM play a direct role in adipogenesis. In
2015, Domienik-Karowicz [ 14] demonstrated that the
development of diet-induced obesity is associated with
an increase of MMP expression in adipose tissue [ 14].
Regarding the diet used to induce obesity in rats, de
Meijer et al. [13, 31, 32] demonstrated that a high fat
diet, 60%, can not only increase the fat index and
cause obesity, but if used for a lengthy period of time,
it can also increase insulin resistance and hepatic
steatosis, both of which are directly associated to obe-
sity.

The diet administered in the research from Mirica
et al. [12] was a combination of a hypercaloric-hyper-
lipidemic diet as described by other authors, a diet cur-
rently consumed by most of the people in medium as
well as high-developed countries, and a diet based on
food that is hypercaloric, sweetened beverages and
sweetened carbonated beverages. To achieve obesity,
the rats were given 82 percent butter and glucose-en-
riched chocolate. This was supplemented with rat meal

at the discretion of the researcher and ad libitum water
enhanced with 35 g of sugar/100 g of water. Fast food
and sugary carbonated beverages consumption are
rapidly increasing in nowadays society, so the same
circumstances were reproduced. The statistically sig-
nificant difference in food intake between the research
groups and the control group on a regular diet saw an
increase with 162 grams, more than 50% the body
weight of the control rats.

The literature is replete with data on numerous
diets that produce comparable effects, the critical fac-
tor being the end weight at which records are kept. It
is well established that if a patient is obese for an ex-
tended length of time, he will get diabetes as a direct
result of the food-induced obesity. Mirica et al. [17]
revealed statistically significant variations in preoper-
ative blood glucose levels and weight between the
control and study groups. The research demonstrates
that cormparable discrepancies exist even between
triglycerides (TGL) and cholesterol (CHO) levels.
Postoperative weight and blood glucose measure-
ments, as well as CHO and TGL values, all demon-
strate a significant decrease in values compared with
the preoperative ones. It is worth mentioning that, in
addition to the surgical operation that accounts for the
majority of these variations, all rats in the research
groups were restored to their usual diets. The BS group
weight loss was significantly different; weight loss
was also significantly different in group B but did not
approach the levels of the BS group. As a result, it was
theorized that the difference in postoperative weight
reduction between the B and BS groups was due to su-
lodexide administration. However, more investiga-
tions would be required to evaluate this hypothesis.

Sulodexide is not known to have a significant
function in weight loss, and it was hypothesized that
its effect on tissue remodeling via altering the state of
MMPs is what accounts for the advantage group BS
had in weight loss. Mannello et al. [58] further illus-
trate the role of sulodexide in the metabolism of MMP.
All groups consuming a hyperglycemic diet had pre-
operative glycemic levels of more than 190 mg/dl, ex-
cept the C group, which had a value of 121 mg/dl.
Blood glucose levels in group B decreased statistically
significantly from 207 + 23 mg/dl preoperatively to
123 £+ 10 mg/dl postoperatively measured at 28 days,
demonstrating once again the tight relationship be-
tween glycemic status and obesity and the ability of
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weight reduction to normalize the levels of blood glu-
cose.

Cases of complete diabetic remission have also
been described in the literature barely one month fol-
lowing surgery. A special remark should be made of
group S, where the reduction in glycemia 28 days
postoperatively was not statistically significant (reduc-
tion was from 198.4 = 13.19 mg/dl to only 191.7 +
8.71 mg/dl). This is because this group has not under-
gone weight-loss surgery and the sulodexide adminis-
tered did not initially reduce blood glucose levels,
albeit it did return to normal diet. It seems as if the
standard diet is insufficient to alter the glycemic status
or weight curve. The control group saw a little rise in
glycemic mean, which is regarded to be typical for this
measure. While group S had the highest pre and post-
operative TGL levels, any suggestion that this was re-
lated to sulodexide administration is presently without
scientific basis, since there is no clear relationship be-
tween TGL status and sulodexide. Following the pro-
cedure, TGL decreased in groups S, B and BS, with
the largest and statistically significant declines occur-
ring in groups B and BS.

In a 2014 research on Wistar rats, Lilis et. al. [59]
obtained a maximum reduction of 70 mg/dl. Because
CHO demands the same level of care and relevance as
TGL, preoperative values were recorded across
batches, but without statistical significance, the high-
est levels being reported in the S group. Following sur-
gery, the B and BS levels reduced significantly, but
only in the BS group it was a statistical significance
difference. Postoperative CHO levels correlate favor-
ably with postoperative TGL, glycemia and the post-
operative weight in BS group, respectively. Kawano
et al. [60] and Kalaivani et. al. [61] both showed sub-
stantial reductions in TGL and CHO after bariatric sur-
gery, which were all connected with postoperative
estimated body weight loss (% EBWL).

A massive meta-analysis consisting of 6131 pa-
tients revealed that bariatric/metabolic surgery was 9.8
to 15.8 times more effective than conventional treat-
ment in terms of weight loss, CHO, TGL, fasting
blood glucose reduction and glycosylated hemoglobin
(HbA1C). These findings indirectly support the con-
clusion that surgical treatment of obese patients is suc-
cessful for weight reduction and also for type II
diabetes mellitus remission [62].

The research on MMPs roles in obesity is highly

varied in terms of the MMPs implicated and their me-
chanics. The majority of research concur that MMP-
1, MMP-2, MMP-8 and MMP-9 are the primary
MMPs involved with obesity. If preoperative MMP-2
values in groups S, B and BS were larger than those
in the C group, postoperative MMP-2 values in both
B and BS groups declined dramatically, even reaching
levels below those in the control group, C group.
While both MMPs exhibited measurable levels,
MMP-9's dynamics were very different from those of
MMP-2, in that it progressed from a greater preoper-
ative value to a decreased postoperative value for B
and BS groups. The values in group S are comparable
to those in group C.

Some studies in the literature have shown that cor-
roborated this dynamic after bariatric surgery, regard-
less of the participants' gender or their association with
hyperlipidemia, insulin resistance or hypertension.
MMP-2 and MMP-9 both have a favorable correlation
with weight reduction in the B and BS groups, but
there is not any difference between them. Sulodexide
has no statistically significant effect on MMP-2, but
has a substantial but not statistically significant effect
on MMP-9, with values in BS group being higher than
group B.

Additionally, MMP-2 had a statistically significant
positive correlation with the value of TGL both pre-
and post-operatively, which did not apply for MMP-
9, a biomarker that is less affected by CHO, TGL as
well as glycemic alterations. However, a greater effect
had the administration of sulodexide. Tchernof et al.
[63] showed that in obese individuals, there are corre-
lations between MMP status and the lipid state.

Although not totally free of risks, gastric bypass
has a high weight loss efficiency of about 82% and a
small complication rate of roughly 1%.

CONCLUSION

Metabolic surgery has been to be the most successful
mean of weight reduction and improvement, if not
complete remission, of obesity-related diseases. The
most crucial component of this is that MMPs are in-
volved in the remodeling of tissue after gastric bypass
surgery, as revealed by these markers (especially
MMP-2 and MMP-9). Thus, it is tempting to assume
that adipocyte derived MMPs may constitute a novel

416

The European Research Journal « Volume 8 « Issue 3 «May 2022



Eur Res J 2022;8(3):411-419

Mirica et al

pharmaceutical target for limiting adipose tissue de-
velopment through the reduction of adipocyte differ-
entiation and angiogenesis. MMP-2 exhibits far more
accurate oscillations than MMP-9 during pre- and
post-surgical weight fluctuations, and hence may be
used as a predictor for gastric bypass success. Improv-
ing the quality of life is strongly connected to weight
loss, % EBWL, and hence postoperative BMI. Addi-
tionally, there is a link between an enhanced quality
of life and an improved sexual life or an increased fre-
quency of physical activity. Metabolic surgery's less
invasive method enables a rapid reintegration of the
patient into regular activities. Metabolic surgery
should be seen in terms of the beneficial improve-
ments it brings to daily life.
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ABSTRACT

Intellectual disability (ID) is a lifelong condition that begins during the developmental period, and characterized
by significant limitations in intellectual functioning and adaptive behavior including social, conceptual and
practical skills. In these case series, we aimed to identify the genetic etiopathogenesis of two male patients
with ID from a seven-generation large-Turkish family. Two affected boys with syndromic ID were evaluated.
Genome-wide auto zygosity mapping was performed on affected individuals and other available healthy family
members for identifying shared chromosomal segments between affected individuals. Critical region co-
segregating with the disease was confirmed and narrowed down by short tandem repeat polymorphism markers.
Whole exome sequencing was performed to identify the responsible genes and mutations. Sanger sequencing
was performed for segregation analysis. We performed a comprehensive genetic analysis to reveal the
underlying genetic aetiology of the patients and identified a mutation on POBPI gene (NM_005710.2:¢.459-
462delAGAG) that is associated with Renpenning syndrome. Considering the clinical findings and genetic
data of the affected probands, the patients were diagnosed with Renpenning syndrome and this is the first report
for Renpenning syndrome with attention deficit and hyperactivity disorder comorbidity.

Keywords: Renpenning syndrome, PQBP1, intellectual disability, microcephaly

Intellectual disability (ID) is a lifelong condition be-
ginning during the developmental period, and char-
acterized by significant limitations in intellectual
functioning and adaptive behavior (DSM-V). There
are tremendous genetic heterogeneity for ID caused
by single-gene mutations [1]. It is estimated that ap-
proximately more than 2 000 genes of the genome can
be associated with ID [2]. IDs are more frequent in

males than females and that X-linked gene defects
have major roles in the aetiology of X-linked IDs
(XLID) [3].

Renpenning syndrome (OMIM #309500) is an
XLID syndrome characterized by ID ranging from
mild to severe. These patients have a variety of phe-
notypic abnormalities including microcephaly, short
stature, small testes and facial dysmorphisms includ-
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Two male patients with Renpenning syndrome

ing tall narrow facies, nasal anomalies, short philtrum
and cupped ears [4-6]. Almost all of the patients are
male but recently a female proband has been reported
by Raymond et al. [7] due to complete skewing of the
X chromosome inactivation.

In these case series, we aimed to identify the ge-
netic etiopathogenesis of two male patients that belong
to a seven-generation extended Turkish family. The
probands had syndromic ID (S-ID) with mild dysmor-
phic findings. Since S-ID is a very heterogeneous syn-
drome in terms of both phenotype and genotype we

Then, in order to identify the causative mutant gene
that shared between affected probands we performed
whole exome sequencing (WES). We herein review
and discuss the findings in view of the literature.

CASES PRESENTATION

Patients
Two affected individuals of a large Turkish family
with S-ID were evaluated (Fig. 1). The study protocol

was approved by the Ethics Committee of Karadeniz
Technical University, Faculty of Medicine (approval

aimed to perform genome-wide autozygosity mapping
to map and identify all shared chromosomal segments.
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Fig. 1. Genome-wide autozygosity mapping and haplotype analysis. (A) Schematic representation of the genome-wide ho-
mozygosity mapping data. Homozygous genotypes identical to the genotype data obtained from the affected individuals VI:2
and VII:2 are shown in blue, non-homozygous genotypes are shown in white and heterozygous genotypes appear in orange.
A single homozygote segment, which is marked as a vertical rectangle, is approximately 55 Mb in size. SNPs correspond to
borders of a hemizygous segment, are marked as horizontal rectangle and shown on the left side of the image. The location
of the homozygote segment on the X chromosome ideogram is shown on the right side of the image. (B) Pedigree and haplotype
analysis of critical chromosomal region with selected STR markers on X chromosome shown at the left side of the pedigree.
The mutation segregation is shown in red. The mutant delAGAG allele was originated from the IV:4 female subject as de
novo and inherited to her descents (red star). (C) Wild type and mutant allele Sanger sequencing chromatogram. The mutation
region is shown in red. (D) Two patients’ photographs.
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number: 2013/73). An informed consent was obtained Genomic DNA isolation was performed from pe-
from the guardians of the patients for publication. ripheral blood of patients and controls by using stan-

dard protocol (salting-out). All PCR primers were
DNA Isolation, PCR Reactions and Sanger Se- designated by primer3 program [8]. Sanger sequenc-
quencing ing was performed on ABI 3130 platform by using

Table 1. Clinical findings of both patients in the family

General Features Patient VII:2 Patient VI:2
Age Year of birth 2010 2003
Age at diagnosis 1 8
Physical Height 73 cm (10p) 120 cm (10p)
Head circumference 41.5 cm (<3p) -3.81SD 47.4 cm (<3p) -4SD
Dysmorphic findings Long face + -
Triangular face + +
Micrognathia / Mandibular prognathia * +/-
Large cupped ears + +
Prominent nasal bridge - -
Wide nasal bridge +F 4
Cleft Palate / Lip -/- -/-
High Palate + +
Thin upper lip - +
Thin hair < 4+
Laterally sparse eyebrows + +
Genital anomalies Small testis - Unspecified
Skeletal system Clinodactyly of the 5th fingers - -
findings
Camptodactyly - -
Scoliosis - -
Talipes equinovarus (TEV) - + (Orthosis treatment)
Neurological findings Global developmental delay + +
Intellectual disability / 1Q ? / Unspecified + / Mild (IQ=50)
Hyperreflexia - Unspecified
Spasticity - Unspecified
MRI - The third, fourth and
lateral ventricular
enlargement
EEG - + (normal)
Seizures - -
Psychiatric findings Autistic features ? -
Attention deficit hyperactivity disorder - +
(ADHD)
Emotional lability - 4

#Lower jaw growth continues until the age of 4.
*Permanent terminal hair occurs after 2 years of age.
*These diagnoses cannot be done at this age.
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BigDye™ Terminator v3.1 Cycle Sequencing Kit ac-
cording to manufacturer’s protocol.

Genome-Wide Autozygosity Mapping and Whole
Exome Sequencing

Genome-wide autozygosity mapping was carried
out by using Illumina HumanCytoSNP-12 v2.1® plat-
form. To identify the disease segregating genomic seg-
ments between affected families, raw data of the
[llumina Iscan® platform was transferred to the
VIGENOS (Visual Genome Studio, Hemosoft,
Ankara) program which facilitates visualization of the
large quantity of genomic data in comprehensible vi-
sual screens. WES performed by the Illumina HiSeq®
platform. Reads were aligned to human genome ref-
erence consortium build 37 (GRCh37/hg19) and sub-
sequently, the WES analysis pipeline was performed
according to Genome Analysis Toolkit (GATK) best
practices [9]. Sanger sequencing was used to confirm
the presence of the identified mutation in affected in-
dividuals and to perform segregation analysis.
Clinical Findings

We studied a seven-generation Turkish family in
which two affected males (VI:2 and VII:2) were born
with S-ID from consanguineous parents (Figs. 1A and
1B). Common shared clinical findings in both patients
include microcephaly, triangular face, highly arched
palate, beaked nose, cupped ears, laterally sparse eye-
brows and developmental delay (Table 1).

Case 1 (VID)

He was first evaluated by child neurology due to
developmental delay and dysmorphic findings. Be-
cause the age of the proband is under of two psychi-
atric evaluations was not conducted.

Case 2 (V]

He was first evaluated by child psychiatry and
child neurology with speech delay at the age of 3 and
referred to special education due to developmental
delay. During the follow-up, the patient had com-
plaints of restlessness, not paying attention to the
course and irritability and diagnosed with attention
deficit and hyperactivity disorder (ADHD), comorbid
oppositional and defiant disorder based on DSM-IV-
based disruptive behavioral disorders screening and
evaluation scale [10]. The form was completed by the
patient's caregivers and teachers. The clinical inter-

view was completed by a child-adolescent psychia-
trist.

Genome-Wide Autozygosity Mapping

Critical region co-segregating with the disease
was confirmed and narrowed down by short tandem
repeat polymorphism markers genotyping on the X
chromosome of two affected individuals and their
family members because the pedigree of the family
was consistent with the X-chromosomal inheritance
pattern of the disease (Figs. 1A and 1B), and narrowed
the disease co-segregating region to a 55 Mb region.
But, unexpectedly we saw that the critical region on
X-chromosome was shared with unaffected male fam-
ily members (Fig. 1B). Thus, we decided to perform
WES as trio (VI:7, VI:8, and VII:2).

Whole Exome Sequencing

We found a four base-pair deletion mutation on
polyglutamine-binding  protein 1  (PQBPI)
(NM_005710.2:¢.459-462del AGAG;p.(Argl153SerfsX41))
gene (generally known as delAGAG). This gene and
mentioned mutation were associated with Renpenning
syndrome, before [11].

Confirming Mutation and Performing Mutant Al-
lele Segregation Analysis

This finding was verified by Sanger sequencing
and it was shown that this particular mutation was
present exclusively in affected individuals and in their
obligate carrier mothers (V:2, VI:8) and sisters (V1:4,
V1:5, and V:5). We also performed mutant PQBP1 al-
lele segregation analysis on all available family mem-
bers by Sanger sequencing (Figs. 1B and 1C). When
we analyzed the pedigree, shared haplotypes and mu-
tation segregation we saw that the mutant delAGAG
allele was originated from the IV:4 female subject as
de novo and inherited to her descents. The sisters of
the female subject of the IV:4 (those are I'V:5 and I'V:8)
and their progeny did not have the mutant delAGAG
allele (Fig. 1B).

DISCUSSION

Renpenning syndrome is an ultra-rare (estimated in-
cidence < 1:1 000 000) [12] subgroup of XLID and is
characterized by a variety of phenotypic findings in-
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cluding microcephaly, short stature, dysmorphic fa-
cies, lean body, small testes, and a varying degree of
ID [4, 11-14]. It is stated that in this syndrome, as
being for most genetic syndromes, phenotypic vari-
ability is the rule rather than the exception [4]. Thus,
in accordance with this already reported phenotypic
variability, our patients with Renpenning syndrome
shared some common findings as microcephaly, trian-
gular face, large cupped ears and IDs while some of
their clinical findings were discordant (Tables 1 and
2). Our literature reviews about clinical findings of re-
ported patients with Renpenning syndrome are sum-
marized in Table 2. Accordingly the most common

clinical findings are global developmental delay
(94%), microcephaly (86%) and thin upper lip/short
philtrum (68%), respectively.

The POBPI gene contains nine transcripts and
two conserved coding sequences (CCDS) (Fig. 2A).
The delAGAG mutation leads to a premature stop
codon, resulting in a truncated version of the protein
that partially lacks proline rich domain (PRD) and
completely lacks nuclear localization sequence (NLS)
and carboxy terminal domain (CTD) domains of the
PQBPI protein (Figs. 2B and 2C).

Musante et al. [15] showed that in their patient-
derived cells, the mRNAs carrying indel mutations

A) PQBP1 Gene and transcripts

B)
>CCDS55412.1_prot length=170 |
'MPLPVALQTRLAKRGILKHLE PEPEEEIIAEDYD DDPYDYEATRLEGLPPSWYKVFDPSCGLPYYWNADTDLYSWLSPHDPNSVVT
KSAKKLRSSNAAVSRKDEELDPMDPSSYSDAPRGTWSTGLPKRNEAKTGADTTAAGPLFQORPYPSPGAVLRANAEASRTEK:
>CCDS14309.1_prot length=265 |
MPLPVALOTRLAKRGILKHLEPEPEEEIIAEDYDDDPYDYEATRLEGLPPSWYKVFDPSCGLPYYWNADTDLVSWLSPHDPNSVVT
KSAKKLRSSNADAEEKLDRSHDKSDRGHDKSDRSHEKLDRGHDKSDRGHDKSDRDRERGYDKYDRERERDRERDRDRGYDKAD
REEGKERRHHRREELAPYPKSKKAVSRKDEELDPMDPSSYSDAPRGTWSTGLPKRNEAKTGADTTAAGPLFQQRPYPSPGAVLRA
NAEASRTKQQD *
€)
1 48 ;3 8 97 170
| | | | |
N c
1 48 81 104 163 130 265
Il [ I I |
N C
C194A>GI 334 354del(21bp) | . 42‘3395215':":21%" €.547-569del(23bp) |"5|5'cl‘lj'1’1‘?nsc
€393:413del(21hp) | ¢.461-462delA| “5?{5;;{6;:,"“6 |¢.713-716del
€.463-464insAG| '

Fig. 2. The gene model, transcripts, reported mutations, and protein products of the PQBP1 gene. (A) A UCSC genome
browser screenshot of the PQBP1gene and transcripts. Horizontal blue rectangles and the E symbol upside of the rectangles
show exons and exon numbers, respectively. Horizontal green rectangles show conserved coding sequences. The delAGAG
mutation localized exon (E4) is depicted as red. The blue and red dotted rectangles show the 19 kDa and 37 kDa protein-
coding transcripts of the PQBP1gene, respectively. (B) Protein amino acid sequences of the two conserved coding sequences.
Corresponding amino acid sequences to PQBP1 protein domains are underlined with colors as depicted in C, and the effect
of delAGAG mutation on amino acid sequences depicted as italic. The star symbol at the bottom of Alanine (A) depicts the
stop codon position. (C) Schematic drawing of domains of the PQBP1 protein. All available reported mutations causing Ren-
penning syndrome is shown at the bottom of the corresponding domains. Our mutation was shown as red. PRD = Proline
rich domain, NLS = Nuclear localization sequence, CTD = Carboxy terminal domain, WW: WW domain.
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that cause premature stop codon on the PRD domain
including delAGAG, incur nonsense mediated decay
(NMD) and result in decreased expressions of the mu-
tant mRNAs and associated protein truncated variants.
Further, they showed the existence of the 19 kDa pro-
tein isoform (Figs. 2B and 2C), which is an unaffected
product from delAGAG and other indel mutations lo-
cated on PRD/NLS domains, in control and in patient-
derived cells. Many functional studies were done in
relation to microcephaly and ID causes of these mu-
tations on POBPI to date. One of these showed that
indel mutant forms of the protein (delAG and delA-
GAGQ) binds to Fragile X-mental retardation protein
(FMRP) by a gain-of-function pathogenic mechanism
and promotes its degradation [16]. Because FMRP is
an important regulator of homeostatic synaptic scal-
ing, dysregulated FMRP degradation might cause dis-
ruption of neuronal development that leads to
intellectual disability. In addition, POBPI regulates
nuclear events such as splicing and gene transcription
[17, 18].

To our knowledge present study is the second re-
port for Renpenning syndrome from Turkey. Kurt
Colak et al. [19] reported recently a patient they sus-
pected of having Renpenning syndrome, but in addi-
tion, they also suspected from the PACS! related
Schuurs-Hoeijmakers syndrome for their reported pa-
tient. Their reported second de novo mutation on the
PACSI1 gene (c.640C>T; p.(Arg214Trp)) is a well-
known and published disease-causing mutation in
medical literature for Schuurs-Hoeijmakers syndrome
[20-23]. De novo PACS1 pathogenic variant and phe-
notypic findings were thought to be compatible with
Schuurs-Hoeijmakers. There was no phenotype in
favor of blended phenotype and/or dual diagnosis, and
can be regarded genotypically as pathogenic variant
PACS1.

CONCLUSION

In this study, we have performed a comprehensive ge-
netic analysis to reveal the underlying genetic etiology
of two male patients from a large extended Turkish
family and identified that the responsible mutation is
a known delAGAG on the POBPI gene and patients
are affected from Renpenning syndrome. It is clear
from the functional studies mentioned above that the

delAGAG mutation results in truncated protein and
causes Renpenning syndrome. In addition, it is worth
analyzing further the cellular function of the 19 kDa
protein isoform of the POBPI gene and its effect on
heterogeneity and clinical severity of the Renpenning
syndrome.
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