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Radiation Exposure Assessment in Coronary Angiography
Computed Tomography Scan: Establishing Diagnostic
Reference Level for Northeast Assam Population

Arnabjyoti Deva Sarma,' Jibon Sharma,? Manash Pratim Sarma,® Mrinal Kanti Singha®

Abstract

Background/Aim: Coronary angiography computed tomography (CT)
scans play a pivotal role in diagnosing cardiovascular diseases, providing
crucial information for treatment planning. However, concerns regarding
radiation exposure have prompted the need for establishing region-spe-
cific diagnostic reference levels (DRLs) to ensure patient safety. This study
aimed to assess radiation exposure during coronary angiography CT
scans in the northeast Assam population and establish DRLs tailored to
this demographic.

Methods: A total of 380 patients were referred to the Primus Diagnostic
Centre and Heath City Hospital, Guwahati Assam with coronary artery
disturbances. Data on the technical parameters used in CT procedures
were taken in 2021-2022. Organ and surface dose to specific radiosensi-
tive organs (chest) estimation was done using software imPACT 1.0.4 from
the National Radiological Protection Board (NRPB) SR250 Monte Carlo
dataset.

Results: The study population (n = 380) comprised 190 men and 190
women with an age range from 29 to 75 years. The mean body mass
index (BMI) and effective dose (ED) were 22.42 + 1.06 kg/m? and 21.57 +
4.27 mSv.cm, respectively. The mean the dose-length product (DLP) was
854.67 mSv.cm and the mean ED was 21.57 mSv.cm. The ED for males
was 13-27 mSv and 13-29 mSv for females. The DRL for the male popu-
lation was found to be 24.26 mSv.cm? whereas for the female population
was 24.69 mSv.cm?.

Conclusion: This study highlights the necessity of establishing tailored
DRLs for coronary angiography CT scans in the northeast Assam popula-
tion. By doing so, healthcare providers can ensure optimal image quality
while minimising radiation exposure, ultimately enhancing patient safety
and quality of care. These findings have implications for radiological prac-
tice in the region and contribute to the ongoing efforts to standardise radi-
ation doses in medical imaging procedures.

Key words: Radiology; Computed tomography; Coronary angiography;
Phantom; Heart.

1. Assam Down Town University, Department of
Radiology, Panikhaiti, Guwahati, Assam, India.

2. State Cancer Institute, Gauhati Medical Col-
lege and Hospital, Guwahati, Assam, India.

3. Assam Down Town University, Department of
Biotechnology, Panikhaiti, Guwahati, Assam,
India.

Citation:
Sarma AD, Sharma J, Sarma MP, Singha MK. Ra-
diation exposure assessment in coronary angiog-
raphy computed tomography scan: establishing
diagnostic reference level for northeast Assam pop-
ulation. Scr Med. 2024 Mar-Apr;55(2):127-36.

Corresponding author:
ARNABUJYOTI DEVA SARMA
E: drarnab1990@yahoo.com
T: 4916901607196

Received: 15 August 2023
Revision received: 3 December 2023
Accepted: 3 December 2023

Introduction

In the 1970s, computed tomography (CT) was in-
vented by British engineer Godfrey N Hounsfield
and American surgeon AM Cormack by integrat-

ing X-ray technology with computers. This inno-
vative X-ray method depicts not only bones but
also surrounding tissues by collecting slice-by-

Copyright © 2024 Sarma et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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slice images of various body parts. A few years
before, Cormack had developed an approach for
determining the distribution and attenuation of
X-rays within the body as well as a mathematical
theory for image reconstruction. In 1979, the two
scientists received the Nobel Prize in Medicine
for their efforts and discovery."? Understanding
the balance between diagnostic benefits and po-
tential radiation risks is crucial for informed de-
cision-making.

Coronary arteries are the “arterial blood vessels”
that provide the heart muscle with oxygenated
blood via coronary circulation. The heart, like
all other organs or tissue in the body, needs an
ongoing oxygen supply to operate and survive.?
The coronary arteries encircle the whole heart.
The right and left coronary arteries are two main
types of coronary arteries that supply blood to
the heart. These arteries can also be classified
into different groups based on the regions of the
heart that they supply with blood flow. These
classifications are referred to as microvascular
classifications, which supply blood to the inner-
most heart tissue, or near the endocardium and
epicardial classifications, which supply blood
across the epicardium, or the outermost heart
tissue.* A bridged coronary artery function may
lead to less blood carrying nutrients and oxy-
gen to the heart. This may have an impact on the
heart’s capacity to circulate blood throughout the
body as well as on the blood supply to the heart
muscle itself. Consequently, any disease or illness
of the coronary arteries could have a significant
health effect and even cause heart attack, angina,
or even mortality.” The left coronary artery (LCA)

Sarma et al. Scr Med. 2024 Mar-Apr;55(2):127-36.

and right coronary artery (RCA) which each have
multiple branches, make up the majority of the
coronary arteries, as illustrated in Figure 1.

Using X-ray technology and computer process-
ing, the medical imaging procedure known as CT
angiography may provide precise pictures of the
body’s blood vessels, including the coronary ar-
teries of the heart. The process utilised in coro-
nary computed tomography angiography (CCTA)
or computed tomography angiography (CTA) is
specially intended to assess blood flow and ob-
structions in the coronary arteries. Since there is
no need for catheterisation or the insertion of any
equipment into the body, the process is non-inva-
sive. Instead, the patient is lying on a table and
emits X-rays at various angles. A computer pro-
cesses the X-ray pictures to produce finely de-
tailed, three-dimensional views of the heart and
blood arteries.

The necessity for enhancing blood flow or re-
pairing blocked arteries may need a different
technique because there is no catheter insertion
performed during a CT coronary angiography
(CTCA). The coronary calcium scan is a different
method that is comparable to a CTCA. It employs
specialised CT images rather than contrast me-
dia to evaluate the amounts of calcium or plaque
in the constricted arteries. When estimating
the risk of main contrary cardiac procedures, a
CT angiogram is superior to a coronary CT cal-
cium scan.® Although the importance of the low
radiation doses utilised in “diagnostic imaging”
is uncertain, there is serious concern about the
possibility of an increase in cancer incidence
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in the community. This impending risk must be
balanced in contradiction of the risk of failure to
identify serious medical issues, such as coronary
artery disease, in a particular individual.”® The
diagnostic reference level (DRL) is an essential
parameter in medical imaging that helps ensure
patients receive the appropriate amount of radia-
tion during procedures such as CTCA.

DRLs is an important dose optimisation tool
used in medical imaging recommended by many
professional and international organisations, in-
cluding the International Commission on Radio-
logical Protection (ICRP), the American College
of Radiology, the American Association of Phys-
icists in Medicine, the Health Protection Agency
and the International Atomic Energy Agency. As
a part of the optimisation process and to reduce
patient doses in CT examinations, the ICRP intro-
duced DRLs in 1996. As a part of the optimisation
process, DRL has been introduced by the ICRP in
ICRP publication No 73 in 1996 for common di-
agnostic procedures and implemented them in a
in various regions and countries. DRLs are dose
levels determined as 75th percentile of “dose dis-
tribution” for X-ray diagnostic investigations, col-
lections of standard phantoms or standard-sized
patients for widely different kinds of equipment.
In general, when standard procedures are used,
it is anticipated that these thresholds will not ex-
ceed regular processes. A DRL is never given to
a single patient; rather, it is given to a group of
individuals. However, comparing a patient’s dose
to the DRL for a particular examination will give
some perspective on whether the dose is reason-
able; if it is too high or too low, one must consid-
er the clinical justification for the use of the dose
or the image quality, respectively.” DRLs are of-
ficially described in the ICRP reports as “a type
of research level that is applied to an easily mea-
surable quantity, typically the radiation dose ab-
sorbed in air or objects that are equivalent to tis-
sue on the surface of a simple standard phantom
or a model patient”.’® This explanation highlights
that DRLs are not dose limits and do not assist in
distinguishing between suitable and improper
medical activity. DRLs are different from dose
limits, as they can be exceeded if it is clinically
necessary to do so. Unlike dose limits for occupa-
tional exposure, which only require justification
and optimisation, medical exposures are based
on clinical judgment. The dose received by a pa-
tient during a CT scan can be influenced by fac-
tors such as weight and body size. DRLs must not
be defined as effective doses (EDs); instead, they
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should be established as clearly quantifiable and
highly reproducible dose metrics for people with
standard sizes or phantoms.™

Before establishing DRLs, dose measurements
are made using a method that has been previ-
ously standardised for each kind of radiation ex-
amination. Due to the effect of optimisation, DRL
may not always apply to current procedures with
smaller dose distributions. DRLs developed in
specific countries or regions are also frequently
assessed to ensure compliance with modifica-
tions to standard clinical practice and equipment.

The founding of DRL has provided an enhanced
diagnostic advantage across the globe. Data from
medical CT procedures must be compared to the
reference values to establish DRL. As there are no
studies to establish the DRL in Northeast India, it
is crucial to establish the standard dose. As rec-
ommended by the ICRP in 1991, it is vital to opti-
mise the usage of ionising radiation in healthcare
and the current study aimed to compare all the
existing data from India and generate baseline
information about the existing practice.

This study aimed to assess radiation exposure
during CTCA scans in the northeast Assam pop-
ulation and establish DRLs tailored to this demo-
graphic.

Methods

Dose-response curve as well as the ED received
by the patient was analysed. The information
used in this research came from one hospital in
the Kamrup district of the Assam state (Hospi-
tal 1) and one diagnostic centre (Hospital 2). In
Hospital 1, CT scan used was Siemens, Definition
AS 12 (128-Slice), Siemens, Munich, Germany.
In Hospital 2 a Philips Ingenuity128 (128-Slice),
Philips, Amsterdam, Netherlands scan was used.
The study determined a cohort sample size of 380
participants using Raosoft, Inc software. This cal-
culation was based on a margin of error of 5 %
and a confidence level of 95 %, for a population
size of roughly 2,000,000 individuals in Guwaha-
ti, Assam. The sample size was determined with
consideration of the precision and confidence lev-
el desired for the study’s results, relative to the
estimated population size in the studied area.
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For the purpose of this research, data was col-
lected from two different CT scanners. There was
one public hospital and one private diagnostic
centre having a radiology department that each
included the required equipment. In advance of
any data collection, the equipment carried out
all quality control tests in accordance with the
recommendations of Atomic Energy Regulatory
Board (AERB). Experiments were carried out by
a Radiological Safety officer who had received au-
thorisation from the AERB. Any data tallies that
were within a range that was deemed appropri-
ate were included in the study.

To ensure CT scan accuracy, a patient-specif-
ic data sheet was used. Every CT machine had
a dosimetry CT unit. A data sheet was created

Sarma et al. Scr Med. 2024 Mar-Apr;55(2):127-36. [ |
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Figure 2: Reconstructed computed tomography - maximum in-
tensity projection (CT-MIP) images (a, b, ¢, d) illustrating the
coronary artery branches

to evaluate patient doses and radiation-related
factors. Gender, age, tube potential (mA), tube
current-time product settings (mAs), pitch, slice
thickness and slice count were collected. All
scanning parameters, the dose-length product
(DLP) in mSv.cm and the CT dose index volume
(CTDIvol) were recorded. Each variable affected
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radiation dose differently. The AERB-authorised
radiological safety officer had undertaken qual-
ity control tests on the hospitals and diagnostic
centre’s CT equipment and found that they met
this research’s standards. Ethics were based on
ICRP and AERB guidelines (Figures 2-4).
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The ImPACT CT patient dosage calculator version
1.0.4, which is a CT dosimetry program that is
available for purchase was utilised. In order to
compare and validate the dose values that were
generated by the CT scanners to evaluate the
accuracy of the dose levels generated by the ma-

Figure 3: Calculation of effective dose (ED) using
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Figure 4: Using a mathematical phantom, effective
dose (ED) was calculated. The cardiac scan is shown
with a darkened zone between Z = 42.5 and 61.5.
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chines. The imPACT dose evaluator is a system
that uses the SR250 Monte Carlo dataset provid-
ed by the National Radiological Protection Board
in order to simulate exposure circumstances in
mathematical phantoms of many well-known
brands of CT scanners.!? These simulations were
performed using the imPACT (Figures 2, 3).

Results

In two hospitals, 380 CT scans were measured
for radiation exposures for this study. Hospital 1
utilised a Siemens Definition AS (128-slice) scan-
ner, whereas Hospital 2 used a Philips Ingenuity
(128-slice) scanner. The study evaluated DRLs for
the two hospitals and gave the dosage measure-
ments in terms of DLP and ED.

Table 1: Patients demographic data for both male and female
population

Height Body mass Age BMI
Parameters — “m) o) (ears)  (ko/m)
Range (Max-Min) 1.65-1.57 78-62 75-29 24-19.68
Mean = SD 1.60 £ 0.02 72.33 = 4.03 54.67 =9.40 22.42 +1.05
Median 1.60 72 54 22.42

BMI: body mass index;

Table 1 shows patient demographic data and
body mass index (BMI) for both male and female
population. The BMI ranged from the minimum
weight of 19.68 kg/m? to the maximum weight of
24 kg/m?, mean BMI was 22.42 + 1.05 kg/m?.

The statistical analysis of the correlation be-
tween BMI and ED for CTCA showed a robust pos-
itive correlation between BMI and the radiation
received during CTCA (Figure 5). The Pearson
r = 0992 suggested a highly significant linear
correlation between BMI and ED, with increasing
ED, BMI increases. With an R? value of 0.988, the
variance accounted for around 98 % of the vari-
ance in ED in BMI. This suggests that BMI was a
very good predictor of ED for CTCA and that oth-
er factors may had little impact on the ED beyond
the influence of BMI.

The link between BMI and ED showed a distinct
and substantial association between the two fac-
tors (Figure 5). Greater BMI levels were shown to
correlate to greater EDs, indicating a linear link
between the two. The fluctuation in BMI may

Sarma et al. Scr Med. 2024 Mar-Apr;55(2):127-36. M

be used to account for 9.84 % of the variation in
the ED, according to the R? value of 0.098. A lin-
ear connection between BMI (X) and ED (Y) was
shown by the equation Y = 1.034X-0.3428.

( 3\
y =1.034x - 0.3428
R?=0.9838
40~
w
8 30-
a
S 20-
-
(&}
w
i 104
w
0 1 1 1 1
0 10 20 30 40
BMI
. J

Figure 5: Pearsons correlation of body mass index (BMI) and
effective dose (ED)

Table 2: Statistical analysis of effective dose (ED in mSv) for con-
trast coronary CT angiography related to patients gender

Dose (mSv)
Gender Range .
(Max-Min) Mean + SD Median
Male 27.99-13.10 21.29+3.80 2212
Female 29.74-12.73  21.85 + 4.66 22.99
All patients 29.74-12.73  21.57 +4.27 2212
( A
2he-T5%
Marge wittin 1 210N
- Nodae Lre
Naany
o Qo
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»

ED Range
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&0 4050 s1a w0
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Figure 6: Effective dose (ED) related to age in the studied population
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Values of ED related to gender is shown in Table 2.
Mean ED were 21.29 + 3.80, 21.85 + 4.66 and 21.57
+ 4.27, for males, females and both sexes, respec-
tively. Male patients received a slightly lower ra-
diation dose than female patients during contrast
CTCA, however, the difference was insignificant.
ED related to age is shown in Figure 6.

Table 3: The diagnostic reference levels (DRL) for the studied
population

Population DRL (mSv.cm?)
Male 24.26
Female 24.69
All 24.45

The correlation in DRL for CTCA cases across all
cases is shown in Table 3. The DRL values were
24.26 mSv.cm? for males, 24.69 mSv.cm? for fe-
males and 24.45 mSv.cm? for all patients.

Discussion

The demographic profile of patients undergoing
CTCA can provide important information that can
aid in the diagnosis, treatment and prevention of
cardiovascular diseases.!* Some important as-
pects of a patient’s demographic profile relevant
to CTCA include age, gender, race/ethnicity, med-
ical history and lifestyle factors such as smoking,
diet and exercise habits."* The mean and median
values being close to each other suggest that the
distribution of BMI values is roughly symmetric.
The relatively small standard deviation of 1.05
kg/m? indicates that the BMI values are tightly
clustered around the mean. Overall, this informa-
tion suggests that the population or sample from
which the BMI values were obtained has a rela-
tively narrow range of BMI values and is likely to
be relatively homogeneous with respect to BMI.
Numerous studies have focused on the relation-
ship between BMI and ED for CTCA. A study dis-
covered a positive correlation between BMI and
ED for CTCA, with an average increase of 18 % in
ED for every increment of 5 kg/m? in BMIL.'> Ac-
cording to another study, the ED for CTCA rose
by 13 % with each 5 kg/m? increase in BMI.'®
They recommended that for patients undergoing
CTCA, radiologists should be aware of the asso-
ciation between BMI and radiation exposure and
take steps to minimise the radiation dose when-
ever possible, such as by using lower tube voltage
and current settings, optimising scan parameters
and using dose-reduction techniques.
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Similar studies have demonstrated that a higher
BMIis linked to an increased radiation dosage be-
cause adipose tissue absorbs less radiation due to
its lower density than other tissues.'” 8 Another
study found that higher BMI was associated with
increased radiation exposure during medical im-
aging, particularly for CT scans. The authors not-
ed that this could have important implications for
cancer risk, given the known association between
radiation exposure and cancer.’” The R? value of
0.098 suggested that only 9.8 % of the variability
in ED can be explained by BMI. While this rela-
tionship is statistically significant, it is relatively
weak and other factors such as age, sex and the
specific imaging procedure being performed may
also play arole in determining an ED.

ED is a measure of the amount of radiation ener-
gy that is absorbed by the body during a medical
imaging test and it considers the type of radi-
ation and the sensitivity of the different organs
in the body to radiation. Male patients received a
slightly lower radiation dose than female patients
during contrast CTCA, which was also reported
in other CT studies.?°

The mean ED ranges for males and females were
approximately 13 to 28 mSv and 12 to 29 mSy,
respectively. This indicates that there is a wide
variability in the amount of radiation exposure
that patients receive during this type of imaging
test. It is essential to minimise radiation expo-
sure to patients during imaging tests, especially
for those who may require multiple tests or who
are more sensitive to radiation. This is where
radiation dose reduction techniques become im-
portant. These techniques involve optimising the
imaging parameters, such as the tube current,
tube voltage and scan duration, to reduce the ra-
diation exposure while still obtaining high-qual-
ity images for accurate diagnosis. It is crucial to
note that the ED range shown is influenced by
several factors, including patient size, the type
of scanner used, the scan protocol and the oper-
ator’s skill level. Therefore, it is essential to fol-
low standard imaging protocols and to have well-
trained operators to minimise the variability in
radiation exposure between patients.?" 2

It is important to regard age as a potential factor
when optimising imaging protocols and reducing
radiation doses in patients. It is generally under-
stood that age may have a substantial impact on
how much radiation is exposed during medical
imaging exams.?>2* Older patients may require
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higher radiation doses to obtain images of suf-
ficient quality due to factors such as increased
body size, higher BMI and the presence of medi-
cal comorbidities. It is vital to note that radiation
exposure from medical imaging tests, including
contrast CTCA, can pose potential risks to pa-
tients, especially those who are more vulnerable,
such as children and pregnant women.' %> There-
fore, it is crucial to use the as low as reasonably
achievable (ALARA) principle to reduce radiation
exposure in patients while preserving diagnostic
image quality.?%?’

The use of the phantom to quantify CT dosage
was the study’s principal flaw. Since it considers
both controllable (imaging technique, tube volt-
age, tube current) and uncontrollable (patient
orientation, collimation and distance) factors,
the use of the patients may have been prefera-
ble. Even though using phantom produces almost
identical exposures, it only addresses elements
under our control.?®

DRLs are recommended levels of radiation ex-
posure for typical patients undergoing a specif-
ic type of imaging procedure.?’ They are meant
to be a benchmark to optimise imaging proto-
cols and reduce unnecessary radiation exposure
while maintaining image quality.?° It should be
emphasised that these values do not represent
absolute limits and certain patients may require
higher doses for diagnostic purposes based on
factors such as their age, body size and the spe-
cific medical condition being examined. Never-
theless, medical practitioners should carefully
evaluate the potential risks and benefits of the
imaging procedure and aim to use the lowest
possible dose that will still provide the neces-
sary diagnostic information. Individuals with a
low pre-test probability of CAD, such as women
with a narrow anteroposterior chest diameter,
anxiety and mitral valve prolapse, who are com-
monly diagnosed with false positive exercise or
echocardiology stress test, should not undergo
CTCA. Another category for which CTCA could be
avoided is represented by elderly males with in-
creased cardiovascular disease burden and high
pre-test probability of CAD. The latter should di-
rectly undergo coronary angiography especially
if they are symptomatic.3!
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Conclusion

4 7
The current study findings pertaining to the
population heterogeneity to DRLs level may
be helpful for diagnosis purposes in this part
of the country. Also, the reduction in the dose
in exposure purpose by the present study may
be taken into consideration in reduced expo-
sure at the same time without compromising
the images. It is advised that the current study
contributes to the establishment of scanning
parameters with regard to the patient's size
and the body region of interest being scanned.
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Abstract

Background/Aim: Childhood anaemia continues to persist as a promi-
nent nutritional disease and a public health challenge in India despite sev-
eral initiatives by the Government of India. This study aimed to identify
predictors and regional disparities for targeted interventions.

Methods: This study utilised data from a nationally representative
cross-sectional survey from the fifth round of the National Family Health
Survey (NFHS-5), encompassing 177,695 children aged 6-59 months
across 707 districts and 36 states and union territories of India. It em-
ployed multivariate logistic regression and spatial analysis at district levels
to examine socio-demographic predictors and spatial patterns of child-
hood anaemia in the country.

Result: Multivariate logistic results revealed, women aged 15-19 were
2.43 times more likely to have an anaemic child compared to those aged
35-49 and uneducated mothers had a 29 % higher likelihood of having an
anaemic child. There was positive spatial autocorrelation (Moran’s | value
= 0.579) at the district level in India, with 108 identified hotspots in regions
including Jammu and Kashmir, Ladakh, Gujarat, Maharashtra, Telangana,
Uttar Pradesh, Rajasthan, Jharkhand, Chhattisgarh and Bihar. The spatial
error model (SEM) indicated that mother's anaemia (0.53) and maternal
education (0.23) were key predictors of child anaemia in India.
Conclusion: The study findings provide valuable understanding regard-
ing the socio-demographic predictors associated with childhood anaemia
such as adolescent motherhood, low education, lack of media exposure,
higher birth order and rural residence. Also, the spatial study provides the
spatial heterogeneity of childhood anaemia at the district level and advo-
cates more attention toward hotspot regions in the country.

Key words: Childhood anaemia; Logistic regression; LISA; Spatial error
model.
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Introduction

Anaemia among children continues to be a se-
rious public health issue in low- and middle-in-
come nations. The poor world is still battling
with catastrophic issues like poverty, starvation

and malnutrition in the modern-era world, where
rich nations are moving toward new technol-
ogies and successes. Due to socioeconomic de-
velopments and the emergence of international

Copyright © 2024 Joshi et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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market systems, they are more susceptible to
anaemia as they go through a transitional peri-
0d."2The definition of anaemia by World Health
Organization (WHO) is: “Anaemia is defined as a
haemoglobin concentration below a specified cut-
off point; that cut-off point depends on the age,
gender, physiological status, smoking habits and
altitude at which the population being assessed
lives.” Anaemia among children under 5 years is
defined as the threshold haemoglobin level less
than 11.0 g/d-.? Iron deficiency, linked to low
nutritional iron consumption is one of the criti-
cal causes of childhood anaemia in India.* Other
risk factors equally associated with childhood
anaemia include vitamin deficiencies, especially
folate, vitamin B , and A, infections with malaria
parasite, hookworm and haemoglobinopathies.>”
In India the prevalence of anaemia among chil-
dren aged 6-59 months (haemoglobin levels <
11.0 g/dL) increased dramatically from 59 %
National Family Health Survey-4 (NFHS-4) to 67
% (2019-21, NFHS-5).% Additionally, with signif-
icant regional variation, India is reported to have
greatest frequency of anaemia among develop-
ing nations.’ In the absence of timely interceding,
these children grow up anaemic and frequently
marry beforehand, giving birth to babies with
lower iron reserves who turn anaemic within the
first months after birth.' Hence, there’s a need to
intermediate in this intergenerational anaemia to
insure good health of the overall population.'*!?
Despite India’s numerous programs, like POSH-
AN Abhiyaan and the National Iron Plus Initiative
for Anaemia Control, the rate of reduction of child
anaemia is not up to the mark and in fact, it has
been observed to increase in recent years.!

Spatial heterogeneity is a type of seen or unob-
served heterogeneity that varies throughout a
vast territory or landscape provided by social
structure. Spatial heterogeneity (sometimes
called sub-regional variation) is the uneven dis-
tribution of a trait, event or indication over a re-
gion. India has several diverse districts in socio-
economic and demographic statistics. The spatial
variance of anaemia cases in Indian districts is
little understood. Due to its high sample size,
the NFHS-5 provided estimates for a number of
crucial anaemia indicators in children. These es-
timates help to identify district differences and
the implementation of customised programs.

The aim of this study was to assess socio-demo-
graphic predictors of childhood anaemia in India.
Regional heterogeneity and anaemia correlations
in Indian districts were also examined.

Joshi et al. Scr Med. 2024 Mar-Apr;55(2):137-48.

Methods

The study utilised data from the fifth wave of the
National Family Health Survey (NFHS-5), con-
ducted in 2019-21 in India. This nationally repre-
sentative cross-sectional survey, overseen by the
Ministry of Health and Family Welfare, covered
all 28 states, 8 union territories and 707 districts.
The survey focused on child health and employed
a two-stage stratified sampling design. After ex-
cluding children with missing data, the final an-
alytic sample comprised 177,695 children aged
6-59 months across all districts and states.

The study’s outcome variable was child anaemia
prevalence. Explanatory variables, determined
through in-depth literature review, encompassed
mother’s age, residence, education, media expo-
sure, wealth quintile, mother’s anaemia, birth or-
der, child’s sex, religion and caste.

The study employed multivariate logistic regres-
sion to analyse socioeconomic disparities in child
anaemia in India. Spatial patterns and clustering
of child anaemia were assessed using Moran’s |,
univariate local indicator of spatial association
(LISA), bivariate LISA and a LISA cluster map.
The spatial weight matrix (w) of order 1 has been
generated using the Queen’s contiguity meth-
od to quantify the spatial proximity between
each possible pair of observational entities in
the dataset.’™ ¢ Positive spatial autocorrelation
suggests that points with comparable attribute
values are tightly distributed in space, whereas
negative autocorrelation shows that closely as-
sociated points are more distinct. Moran’s I val-
ues range from -1 to +1, with positive and nega-
tive values indicating clustering of similar and
dissimilar values, respectively. A zero value in-
dicated a random spatial pattern with no spatial
autocorrelation. Univariate LISA measured the
correlation of neighbourhood values around a
specific spatial location. It determined the extent
of spatial randomness and clustering present in
the data.'”*?

Four types of spatial autocorrelation were gener-
ated:
1. Hot spots: High-value areas with similar
neighbours (High-High).
2. Cold spots: Low values area, with similar
neighbours (Low-Low).
3. Spatial outliers: High-value areas with
low-value neighbours (High-Low).
4. Spatial outliers: Low values area with high-
er values neighbours (Low-High).
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To see the potential regional correlates of child
anaemia spatial regression analysis which in-
cludes ordinary least square (OLS) model and
spatial error model (SEM) was performed.?
Non-spatial analysis was conducted using the tri-
al version of Statistical Package for Social Scienc-
es (SPSS) software v. 26; (IBM Inc, Chicago, IL),
while spatial analysis was carried out using trial
versions of ArcGIS 10.7 and GeoDa 1.20.

Results

Nearly 90 % out of 177,695 children had mothers
aged 20-34 (Table 1). Rural youngsters made up
nearly three-quarters of participants. Around
half of the women completed their secondary lev-
el of education. Anaemia affected 59.8 % of wom-
en who gave birth in the five years prior to the
survey. Nearly half of the children were of second

1139

or third birth order. About one-third of women
belonged to schedule caste/ schedule tribe (SC/
ST). Nearly half (46.5 %) of the women were be-
low middle-class category. Media access were un-
available to 28 % of mothers.

In comparison to mothers who were anaemic,
mothers without anaemia were 40 % less likely
to have an anaemic child (odds ratio (OR): 0.601;
95 % confidence interval (CI): 0.589-0.614). Child
anaemia exhibited significant associations with
the age of mothers, particularly among young-
er age groups. For instance, women aged 15-19
years and 20-34 years were 2.431 times (OR:
2.431; 95 % CI: 2.219-2.665) and 1.357 times
(OR: 1.357; 95 % CI: 1.29-1.41) more likely to
have an anaemic child, respectively, compared to
women aged 35-49 years. Furthermore, the edu-
cation level of mothers emerged as a significant
predictor of child anaemia, with higher maternal
education associated with reduced odds of child

Table 1: Prevalence of child anaemia with various background characteristics in India (NFHS-5, 2019-21)

R Variable’s Weighted Logistic regression model
categories frequency (%) OR 95 % Cl
15-19 3,580 (2.0) 2.431* [2.219-2.665]
Age group 20-34 158,870 (89.4) 1.357* [1.306-1.410]
35-49 15,246 (8.6) Ref. -
. Urban 46,559 (26.2) 0.965* [0.940-0.991]
Place of residence
Rural 131,136 (73.8) Ref. -
No education 38,010 (21.4) 1.291* [1.239-1.346]
Education level of Primary 22,094 (12.4) 1.192* [1.143-1.244]
mother Secondary 90,868 (51.1) 1.129* [1.095-1.164]
Higher 26,724 (15.0) Ref. -
Media exposure No 50,694 (28.5) 1.082* [1.053-1.112]
Yes 127,002 (71.5) Ref. -
Poorest 43,640 (24.6) 1.072* [1.026-1.120]
Poorer 38,869 (21.9) 1.050* [1.010-1.093]
Wealth index Middle 35,128 (19.8) 1.034 [0.996-1.073]
Richer 32,850 (18.5) 0.986 [0.952-1.021]
Richest 27,208 (15.3) Ref. -
o No 71,482 (40.2) 0.601* [0.589-0.614]
Anaemia in mother Yes 106,213 (59.8) Ref. i
1st 68,691 (38.7) 0.732* [0.677-0.792]
. 2nd or 3rd 87,878 (49.5) 0.802* [0.743-0.866]
Birth order
4th or 5th 17,046 (9.6) 0.878* [0.811-0.950]
> 6th 4,081 (2.3) Ref. -
. Male 92,219 (51.9) 1.003 [0.983-1.023]
Sex of child Female 85,476 (48.1) Ref. .
Hindu 141,852 (79.8) 1.268* [1.207-1.332]
Religion Muslim 28,082 (15.8) 1.258* [1.190-1.33]
Others 7,761 (4.4) Ref. -
Schedule caste 41,491 (23.3) 1.106* [1.071-1.142]
Caste Schedule tribe 18,042 (10.2) 1.251* [1.199-1.305]
0BC 77,001 (43.3) 0.952* [0.927-0.978]
Other 41,161 (23.2) Ref. -

*p < 0.05; OR: odds ratio; CI: confidence interval; OBC: other backward class;
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anaemia in India. Specifically, women without
any formal education and those with only prima-
ry education were 29 % and 19 % more likely to
have an anaemic child, respectively, compared to
women with higher education.

First-birth order children were 27 % less likely
to be anaemic (OR: 0.732; 95 % CI: 0.677-0.792)
compared to a child having six or above birth or-
der. Religion also displayed an association with
child anaemia, with Hindu and Muslim women
being 27 % and 26 % more likely to have anae-
mic children, respectively, compared to women of
other religions. Additionally, children belonging
to the scheduled caste (SC) and scheduled tribe
(ST) categories were 1.106 times and 1.251 times
more likely to have an anaemic child, respective-
ly, when compared to children from other caste
groups, excluding SC, ST and other backward
class (OBC) categories. No exposure to any kind of
media emerged as significant risk factor for child
anaemia as women without media exposure were
1.081 times more likely to have anaemic children
(OR: 1.082; 95 % CI: 1.053-1.112) compared to
their counterparts. Lastly, women from the poor-
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est wealth quintile were 1.072 times more like-
ly to have anaemic children (OR: 1.06; 95 % CI:
1.01-1.12) compared to women from the richest
wealth quintile. However, other wealth quintile
categories of women, such as those classified as
middle and richer, did not exhibit statistically sig-
nificant differences compared to women in the
richest wealth quintile.

Figure 2 represents a LISA scatter plot along
with the corresponding Moran’s I value (0.579),
univariate cluster map and significance map of
child anaemia (6-59 months) in the districts of In-
dia showing overall clustering of similar behav-
ing districts ie, either high-high or low-low. Out
of the 707 districts in India, 108 were identified
as hotspots. These hotspots included districts in
Jammu Kashmir, Ladakh, Gujarat, Maharashtra,
Telangana and several districts in Uttar Pradesh,
Rajasthan, Jharkhand and Bihar. Additionally, al-
most 84 districts were identified as cold spots, in-
dicating that these districts had a low prevalence
of child anaemia and were surrounded by dis-
tricts with similarly low prevalence. These cold
spot districts encompassed the entire southern
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Figure 1: Spatial distribution of prevelance of child anaemia in the districts of India, NFHS-5

(2019-21)
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Figure 2: Univariate cluster and local indicator of spatial association (LISA) map showing spatial correlation of child anaemia in the

districts level of India, NFHS-5, (2019-21)

LISA cluster map: light grey: not significant (493); dark red: high-high (108); dark blue: low-low (84); light blue: low-high (9); light red: high-low (9); dark grey:

undefined (5);

LISA significance map: light grey: not significant (493); light green: p = 0.05 (98); green: p = 0.01 (59); dark green: p = 0.001 (53); dark grey: undefined (5);

and north-eastern parts of India, including Ker-
ala, Tamil Nadu, Karnataka, Arunachal Pradesh,
Meghalaya, Nagaland, Mizoram, Manipur, as well
as Himachal Pradesh and Uttarakhand in north-
ern India.

Figure 3 depicts the bivariate LISA map and its
corresponding significance map, illustrating the
prevalence of child anaemia based on various
independent variables in India. Approximate-
ly 62 out of the 707 districts exhibited hotspots
for child anaemia associated with mothers aged
15-19. These hotspots encompassed states such
as Bihar, Jharkhand, West Bengal, Assam, Tripu-
ra and certain regions of Maharashtra (map A-1).
Among various hotspots and cold spots, 42 dis-
tricts were coming out to be highly significant (p
=0.001). These districts were mostly concentrat-
ed in the Jammu and Kashmir regions and West
Bengal (map A-2). Map B-1, shows nearly 69 out
of the 707 districts as hotspots for child anae-
mia, with a substantial concentration in areas
characterised by a predominantly rural popula-
tion. These districts span Jammu and Kashmir,
Himachal Pradesh, Gujarat, Odisha, Chhattisgarh,
Jharkhand, West Bengal, Assam and Tripura.
However, only 21 districts were highly significant
(p = 0.001) followed by 46 and 98 districts with
p-values of 0.01 and 0.05, respectively (map B-2).
About 101 out of the 707 districts formed hotspots
for child anaemia linked to uneducated mothers
in India. These hotspots included states such as
Uttar Pradesh, Madhya Pradesh, Maharashtra,
Bihar, West Bengal and specific regions in Jammu
and Kashmir, Gujarat, Odisha, Telangana, Andhra
Pradesh and Jharkhand (map C-1). In this, high-

ly significant districts were concentrated in the
southern region of Kerala, Tamil Nadu and also
a few districts of northern regions like Uttar
Pradesh, Bihar etc (map C-2). Nearly 48 out of the
707 districts have been identified as hotspots for
child anaemia associated with the Muslim reli-
gion, covering areas in Jammu and Kashmir, La-
dakh, West Bengal and Assam. Also, districts in
the Jammu and Kashmir region and eastern re-
gions like Orissa etc were highly significant (map
D-1 and D-2).

Out of the 707 districts, 97 have been pinpoint-
ed as hotspots due to a lack of media expo-
sure, while 106 districts have been identified
as hotspots based on the poorest wealth index.
These hotspots were distributed across both the
western and eastern parts of India, encompass-
ing regions such as Gujarat, Odisha, West Bengal
and certain districts in Haryana, Punjab, Bihar
and Assam (map E-1, F-1).

Almost 119 out of the 707 districts have emerged
as hotspots for child anaemia and anaemic moth-
ers, including the states of Ladakh, Jammu and
Kashmir, Punjab, Delhi, Haryana, Gujarat, Andhra
Pradesh, Odisha, Jharkhand, West Bengal, Bihar,
and specific districts in Assam and Tripura (map
G-1). Out of these 60 districts were highly signifi-
cant (p = 0.001) which are mostly concentrated in
the Ladakh region and eastern and northeastern
states (map G-2).

Among the 707 districts, 47 have been identified
as hotspots in terms of higher birth order chil-
dren (map H-1), while 17 districts and 68 dis-
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Figure 3: Bivariate local indicator of spatial association (LISA) cluster map and significance map of child anaemia with selected

predictor variables

LISA cluster map: light grey: not significant; dark red: high-high; dark blue: low-low; light blue: low-high; light red: high-low; dark grey: undefined;

LISA significance map: light grey: not significant; light green: p = 0.05; green: p = 0.01; dark green: p = 0.001; dark grey: undefined;

Child anaemia related to: A: mother age (15-19); B: residence (rural); C: education of mother (no education); D: religion (Muslim); E: media exposure (no exposure);
F: wealth index (poorest); G: anaemia in mothers (yes); H: birth order (higher); I: gender (female); J: Caste (schedule caste);

Table 2: Result of the ordinary least square (OLS) model and
spatial error model (SEM) assessing determinants of child anae-
mia in districts of India, NFHS-5 (2019-21)

Indicators OLS 2
Coeff p-value Coeff p-value

% Mother age (15-19 years) 0.067 0.731 0.195 0.374
% Rural population -0.007 0.699 -0.024 0.192
% Uneducated mother 0.289 *  0.000 0.225* 0.000
% Muslim religion -0.017 0.351 0.012 0.609
% No media exposure 0129 *  0.002 0.069 0.117
% Poorest wealth index -0.199 *  0.000 0.094 *  0.009
% Mother anaemia 0.594*  0.000 0.531* 0.000
% Birth order (= 6th) -0.696 *  0.000 0.357 *  0.020
% Female child -0.027 0.772 -0.030 0.699
% SC population -0.022 0.453 0.051 0.154

*significant at « = 5 %; Coeff: coefficient; Akaike information criterion (AIC)
value = OLS: 5036.11, SEM: 4875.26; LAMBDA: SEM: 0.597; R? = OLS:
0.526; SEM: 0.652; SC: schedule caste;

tricts have been designated as hotspots concern-
ing female children and SC populations, (map I-1,
J-1) respectively.

Table 2 shows spatial regression models namely
the OLS model and SEM to determine a special
dependence of various predictors on child anae-
mia at the district level in India. The Akaike in-
formation criterion (AIC) value of the special
error model came out to be 4875.26, which was
comparatively lower than the OLS model. Hence
this model better fitted the predictors for the ex-

plained variable. The SEM revealed that a 10 %
increase in the proportion of uneducated moth-
ers in a district, resulted in a 2.2 % increment
in child anaemia (Coefficient (Coeff) = 0.225; p <
0.05). Similarly, a 10 % rise in the poorest wealth
index within a district led to a 0.09 % increase in
child anaemia (Coeff = 0.094; p < 0.05). Addition-
ally, anaemic mothers significantly contributed
as a risk factor for child anaemia in a district;
for example, there was a 5.3 % increase in child
anaemia for every 10 % rise in the proportion
of mothers with anaemia in a particular district
(Coeff=0.531; p < 0.05). Among other predictors,
a higher childbirth order was a notable risk fac-
tor for child anaemia in a district (Coeff = 0.357;
p < 0.05).

Discussion

Analysis of NFHS-5 (2019-21) data has unveiled
several significant determinants of childhood
anaemia in India like anaemia status of mothers,
mother age, maternal education, birth order, me-
dia exposure, wealth quantile etc. Some scholars
have suggested the existence of multiple path-
ways linking childhood anaemia to the iron sta-
tus of both children and their mothers.?! For in-
stance, antenatal anaemia can affect birth weight
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and increase the risk of premature deliveries, a
key factor in childhood anaemia.??

Maternal age showed a significant effect on anae-
mia status of their children. Mothers age (35 years
and above) showed a protective effect for anaemia
in children. This could be due to low maternal age
contributing to low birth weight (LBW) babies,
in turn, LBW in children might contribute to low
haemoglobin levels thus resulting in anaemia.?3-2¢
Supporting presented findings, conclusions from
other studies also suggest that women with a low
educational level are more likely to have anaemic
children, highlighting a significant association
between education and anaemia.?’?° This could
be because the mother’s level of education, influ-
ences the practices related to the child’s health
care.?* 3! This study highlights statistically sig-
nificant associations between household wealth
and anaemia.

Presented study shows Hindu and Muslim wom-
en were more likely to anaemic children com-
pared to women of other religion. Also, likelihood
of child anaemia is higher in SC and ST categories
against other castes. Social factors were found to
be significantly associated with the prevalence of
anaemia among children reported by other stud-
ies as well. This could be due to the limited ed-
ucational opportunities, discrimination and so-
cial inequality which affect the awareness about
healthcare practices and nutrition among SC and
ST communities.?*3*

In this study it was observed that, children with
lower birth orders were less likely to be anaemic
compared to those with higher birth order, which
is supported by various other studies as well.?>
36 This could be because an increase in the num-
ber of children associated with increased health
problems due to competition for food, infections
and cross contaminations.3*

This study also indicated that children from
mothers with no media exposure were more like-
ly be anaemic compared to those from mothers
with media exposure. This finding is supported
by other studies where children from mothers
with no media exposure were more likely to re-
port anaemia compared to their counterparts.3*
36 The reason could be that the mothers’ media
exposure may affect childcare practices through
enhancing the knowledge of mothers on child
feeding activities, disease prevention practices
and improving health-seeking behaviours.?”

Joshi et al. Scr Med. 2024 Mar-Apr;55(2):137-48. M

Presented study observed that trend and pattern
was the same over different states but varied
slightly in magnitude. Severe anaemia prevalence
was seen among western and central zone states.
The states identified were Gujarat, Rajasthan,
Madhya Pradesh, Haryana, Jammu and Kashmir,
Karnataka and Maharashtra. More focus should
be placed on these states. In this study child
anaemia also exhibited a positive autocorrelation
with its covariates among Indian districts, with
hotspots identified in the western and central re-
gions, including states such as Gujarat, Rajasthan,
Madhya Pradesh, Haryana, Jammu and Kashmir,
Ladakh and certain districts in Uttar Pradesh,
Bihar, West Bengal, Odisha and Andhra Pradesh.
These findings are consistent with a district-level
study in India, which observed similar patterns
and hotspot regions for child anaemia.?®

These analyses provide region-specific spatial in-
formation which can help in decision-making, pol-
icy formulation and effective assessment of anae-
mia prevention and control among children. The
current study has however a few limitations that
need to be acknowledged. Firstly, the NFHS data-
set lacked information on the underlying causes
of anaemia, precluding their inclusion in analysis.
Secondly, haemoglobin levels were measured us-
ing the battery-operated portable HemoCue Hb
201+ analyser, which raised concerns about its ac-
curacy compared to lab-based methods. Future
research in this area is recommended to explore
this association and gain a more profound under-
standing of its implications.

Conclusion

Several important issues emerged from the
study such as maternal education, socio-eco-
nomic status, media exposer etc were found to
be key factors of childhood anaemia in India.
The present study does not only contribute
to highlighting remarkable factors affecting
the anaemia in children but also examines the
geographical variations in anaemia. Compre-
hensive intervention strategies such as ed-
ucating mothers, specially residing in rural
areas about the harmful impacts of anaemia
should be implemented and should target the
hot spot districts with the highest prevalence

of anaemia.
N\ J
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tion in undergoing haemodialysis was in the low motivation category (47.8
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be optimised because the interaction between nurses and patients in the
treatment process provides support to patients.
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Introduction

The motivation of patients undergoing hae-  to the treatment.® This highlights the importance
modialysis is essential to consider various factors  of understanding the factors that influence
that influence their experiences and outcomes. patients’ responses to haemodialysis, including
Studies have shown that patients undergoing their demographic and medical characteristics.®-8
haemodialysis face numerous challenges, in-

cluding physical, psychological and socio- In addition to the challenges associated with
economic issues.? These challenges can impact = haemodialysis, patients may experience stress
their quality of life and overall well-being.>*  and fatigue, which can significantly impact their
Furthermore, the process of transitioning to  psychosocial adaptation and quality of life.” 1°
haemodialysis presents a significant challenge  Addressing stress responses and providing
for patients, as it involves accepting and adapting  interventions to reduce stress can be crucial

Copyright © 2024 Pohan et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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in improving patients’ psychosocial adaptation
and overall well-being.> Moreover, the impact of
nurse-led nonpharmacological multidisciplinary
holistic nursing care on fatigue in haemodialysis
patients underscores the significance of
comprehensive care in addressing patients’
physical and mental health.'* 12

Furthermore, the influence of social support in
patients undergoing maintenance haemodialysis
has been highlighted, with studies showing
that social support, coping style, marital status
and family income significantly influence
patients’ post-traumatic growth levels.” * This
emphasises the need for holistic support systems
to address the multifaceted challenges faced by
haemodialysis patients.

Moreover, the role of motivation in fluid
management among chronic haemodialysis
patients has been recognised, with interventions
targeting motivational issues, patient knowledge,
social support and accurate self-assessment
of fluid status being crucial in improving fluid
restriction adherence.'*'® Additionally, the
effects of motivational interviewing on the
health status of haemodialysis patients have
been explored, indicating that motivational
interviewing can lead to changes in attitudes,
beliefs and behaviours, ultimately improving
patients’ adherence to treatment regimens and
health status.® '’

Nurses play a significant role in providing holistic
care to haemodialysis patients, addressing
not only their physical needs but also their
emotional and spiritual well-being.” '8 Addressing
haemodialysis patients’ spirituality in nursing
care is an essential component of high-quality
care and these patients wanted nephrology
nurses to incorporate spirituality into their care
by such means as supporting and maintaining
their religious and spiritual resources and
connections.?

Studies have shown that nurses are essential in
providing support, maintaining religious and
spiritual resources and establishing connections
with patients, which can positively impact the
patients’ motivationto continue theirtreatment.?”
21 Among haemodialysis professionals, nurses
play an important role because they are near the
patients, are more receptive to patients’ concerns
and can provide appropriate suggestions, advice
or recommendations.?* %
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The intimate relationship between nurses and
patients has been identified as a facilitator for the
delivery of haemodialysis care, indicating that
the caring behaviours of nurses can significantly
influence patient motivation.* #* Nursing
presence is portrayed as “a caring behaviour
of the nurse to be present with the patient in a
clinical setting” to focus on the patient through
attentiveness to the patient’s needs and provide
healing during haemodialysis treatment. Nurses
play a major role in haemodialysis procedures
because most of the complications facing patients
during dialysis as hypotension, cramped muscles
and weak pulse, need nurses with knowledge and
practical experience.

Moreover, the provision of refined nursing
intervention through caring behaviour has been
shown to improve patient compliance, regulate
negative emotions and enhance the nurse-
patient relationship, all of which can contribute
to patient motivation.? Therefore, there is a need
to establish a satisfactory level of performance
for nurses working in haemodialysis units which
helps in providing qualified competent nurses
who provide care for patients.

The purpose of this study was to analyse the
caringbehaviour ofhaemodialysis nurseswith the
motivation of clients undergoing haemodialysis.

Methods

The research design was a descriptive correlation
approach. This study was completed in stages
using descriptive methods with exploratory
studies to obtain initial data which became a
preliminary study.

Sample

This research was carried out in the haemo-
dialysis room at Roemani Hospital, Semarang,
Central Java, Indonesia. The research was
conducted according to plan with research
subjects of patients who were undergoing
haemodialysis therapy, atotal of 115 patients. The
research subject criteria applied were patients
who underwent haemodialysis more than once,
could read and write and did not experience
emergencies. The number of research subjects
was calculated using the G-power program with
an expected power of 95 % and a basic correlation
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from previous research of 0.3. The sampling
technique used was purposive sampling. This
research was carried out in the haemodialysis
treatment room at Roemani Hospital, Semarang,
Indonesia.

Data collection

Researchers collected data for 1 month in
September 2023. Data collection was carried out
by giving questionnaires to research subjects
while undergoing the haemodialysis process.
Questionnaires that have been filled out by
research subjects are checked for completeness
by the researcher before the data entry.

Instruments

Caring for nurses was measured using a
caring behaviour questionnaire adopted from
a previous study.?®* The caring behaviour
instrument consisted of 28 statement items
which included: 10 creative elements of caring.
This instrument has been declared valid from
the results of the validity test with a value of
r = 0.464-0.763 and declared reliable with a
Cronbach’s a = 0.944. Meanwhile, motivation
variables were measured using questionnaires
from other research. The questionnaire has
been declared valid with a value of r = 0.468-
0.662 and reliable with a Cronbach’s a = 0.888.

Data analysis

The relationship between nurses’ caring
behaviour and haemodialysis patient motivation
was determined by conducting a Spearman rank
correlation analysis. This analysis was carried
out due to a non-normal distribution of data.
The research results were presented in the form
of tables and graphic images to determine the
direction of the relationship between the two
variables. The data was analysed using the IBM
SPSS Statistics version 26 programme.

Ethical considerations

Researchers explained prospective research
subjects (patients) the aims and benefits of
research. Patients who were willing to become
research subjects were asked to sign the
informed consent form that has been provided.
Researchers did not include the identity of
research subjects in reports or publication
manuscripts to maintain subject confidentiality.
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Results

The research results showed that the average
age of the research subjects was 46.60 + 7.35
years with the youngest being 30 years and the
oldest being 62 years. The research subjects
were dominated by male patients (77.4 %). Based
on the research results (Table 1), it can be seen
that nurses’ caring behaviour still needed to be
optimised. This is demonstrated by the results
of patient assessments regarding nurses’ caring
behaviour which showed that 48.7 % of patients
thought nurses had poor caring behaviour.
Nurses’ caring behaviour had an average score
of 121.69 * 14.61, with the lowest score being 84
and the highest score being 140.

The research results also showed that patient
motivation in undergoing treatment, or the
haemodialysis therapy process was in the low
motivation category (47.8 %). Patient motivation
in undergoing haemodialysis therapy had an
average score of 69.80 * 9.90, with the lowest
score being 40 and the highest score being 80.

Table 1: Haemodialysis therapy patients gender, their motivation
and perception of caring behaviour of nurses (n = 115)

Parameter N %
Gender of patients
Man 89 774
Woman 26 22.6
Caring behaviour of nurses
Good 59 51.3
Bad 56 48.7
Motivation of haemodialysis therapy
in patients
High 60 52.2
Low 55 47.8
Total 115 100.0
The relationship between nurses’ caring

behaviour and patient motivation in undergoing
haemodialysis therapy was determined by
conducting a correlation analysis between
these two variables. Spearman correlation
analysis (Table 2) showed that there was a
significant relationship between nurses’ caring
behaviour and patient motivation in undergoing
haemodialysis therapy (p = 0.0001). Based on
the correlation coefficient value r = 0.632, it
can be seen that the two variables had a strong
relationship. The two variables studied had a
unidirectional relationship, so it can be concluded
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Figure 1: Relationship between nurses’ caring behaviour and patient motivation in undergoing

haemodialysis therapy

Table 2: Relationship between nurses’ caring behaviour and
motivation of haemodialysis therapy patients (n = 115)

Indicator [0 P r
High  Low P

Nurses' caring behaviour
Good 44 (74.6 %) 15(25.4 %)
Bad 16(28.6 %) 40 (71.4 %)

: Spearman Rank test; r: correlation coefficient, p: p-value, significant if < 0.05;

0.632  0.0001

that the better the nurse’s caring behaviour,
the better the patient’s motivation to undergo
haemodialysis therapy in the hospital.

The research results (Figure 1) showed that
the relationship between nurses’ caring
behaviour and patient motivation in undergoing
haemodialysis therapy had a positive linear
pattern. The results of the analysis showed that
nurses’ caring behaviour was able to increase
patient motivation in undergoing haemodialysis
therapy by 43.6 % and 56.4 % was influenced by
other variables outside the research.

Discussion

The research results showed that the average age
of patients undergoing haemodialysis therapy
was 46.6 years. Another study also found the
same thing the average age of haemodialysis
patients was 46.85 years. However, another study
reported that the cumulative incidence of death
in home haemodialysis patients was 19.2 %,

indicating that haemodialysis patients may also
include older individuals.? Therefore, the average
age of patients undergoing haemodialysis can
range from the mid-40s to older ages, reflecting
the diverse demographic characteristics of this
patient population.’

Patients undergoing haemodialysis therapy are
dominated by chronic kidney disease (CKD)
sufferers. There are several factors thought
to contribute to the high prevalence of CKD in
individuals in their 40s. Risk factors such as
diabetes mellitus, hyperuricaemia and obesity
have been identified as significant contributors
to the development of CKD.? 2”28 Additionally,
the presence of comorbidities such as diabetes
mellitus and hypertension, which are common
in middle-aged individuals, may increase the
risk of CKD.?° Additionally, a correlation between
hypertension and the occurrence of CKD has
been highlighted, indicating that individuals with
hypertension, which often develops in middle
age, may have a higher risk of developing CKD.3%
31 Additionally, the potential impact of nutritional
intake on CKD has been suggested, with lower
haemoglobin levels identified as a potential
factor contributing to fatigue in CKD patients. It
is important to note that the prevalence of CKD
in individuals in their 40s may also be influenced
by lifestyle factors such as obesity and trauma,
which may contribute to the development of
conditions such as osteoarthritis and potentially
impact kidney health.3* 33 Additionally, the
presence of other chronic conditions such as
Graves’ disease in younger individuals may
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also contribute to the overall burden of kidney
disease in this age group.®’ In summary, the high
prevalence of CKD in individuals in their 40s may
be due to a combination of risk factors such as
diabetes mellitus, hyperuricaemia and obesity,
as well as the presence of comorbidities such as
hypertension and lifestyle factors such as obesity
and trauma. These factors collectively contribute
to the increased susceptibility of individuals in
their 40s to developing CKD.30.34

The research results showed that nurses’ caring
behaviour still needs to be optimised. This result
is the same as other research which explains that
nurses’ caring behaviour is still low. This low
caring behaviour of nurses can be influenced by
several factors, both internal and external.?® The
low level of caring behaviour in nurses can be
influenced by various factors. Research has shown
that nurses’ caring behaviour may be influenced
by burnout, which can result from the emotional
demands of providing care.?® Additionally,
the critical care environment and handling of
patients with life-threatening conditions can
impact nurses’ caring behaviour. Factors such
as nursing supervision, spirituality, caring
efficacy and emotional intelligence were found
to be significantly associated with nurses’ caring
behaviour in critical care settings. Burnout has
also been identified as a factor that may influence
empathy and, consequently, caring behaviour
among nurses. Furthermore, the influence of
the work environment, demographic factors and
nurse-patient interpersonal relationships on
caring behaviour has been highlighted in various
studies.?’-*° Additionally, the presence of guilt and
secondary traumatic stress has been associated
with compassion fatigue among nurses, which
may impact their caring behaviour.?” The level
of empathy, fatigue and impact of the COVID-19
pandemic were also found to influence nurses’
caring behaviour. In addition, the quality of the
nurse-patient relationship, empathy and the
demands of the nursing profession have been
identified as factors that can influence nurses’
caringbehaviour.Thelowlevel of caringbehaviour
among nurses may be influenced by interplaying
factors such as work fatigue, work environment,
nurse-patient relationship, empathy and the
emotional demands of the nursing profession.3”*

The research results also showed that patient
motivation in undergoing treatment or the
haemodialysis therapy processisstill not optimal.
The low motivation of haemodialysis patients
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has been linked to various factors identified in
research. The need for prolonged haemodialysis
treatment, associated complications and patient
compliance requirements have been highlighted
as factors influencing patient motivation.*! *? In
addition, the relationship between employment
status and fatigue in haemodialysis patients has
been established, with a significant relationship
between unemployment and the occurrence
of fatigue. In addition, the prevalence of high
levels of fatigue in haemodialysis patients has
been reported, indicating the impact of fatigue
on patient motivation. Physical complaints
commonly expressed by haemodialysis patients,
such as fatigue, intolerance to cold weather,
pruritus, weakness in the lower extremities
and difficulty sleeping, are also known to
contribute to low motivation. Additionally, the
impact of lack of physical activity on the high
mortality rate in end-stage renal disease (ESRD)
patients undergoing haemodialysis has been
highlighted, indicating the potential influence
of physical activity on patient motivation.3% 43
The routine activity of haemodialysis as a renal
replacement therapy for CKD patients has also
been emphasised, highlighting the long-term
and repetitive nature of the treatment, which
can influence patient motivation. Additionally,
the fear of haemodialysis among patients with
low levels of education has been identified as a
barrier to treatment adherence and motivation.**
The low motivation of haemodialysis patients
is associated with factors such as the need for
prolonged treatment, employment status, fatigue,
physical complaints, lack of physical activity,
the routine nature of the treatment and fear of
haemodialysis, all of which can have a significant
impact on patients motivation.***

The results of the study showed that there
was a significant relationship between nurses’
caring behaviour and patient motivation
in undergoing haemodialysis therapy. The
caring behaviour of nurses has a significant
influence on the motivation of haemodialysis
patients. Research has shown that nurses’
caring behaviour, particularly expressive and
relational behaviour was positively correlated
with patient satisfaction.!> *¢ However, there
may be a mismatch between patient and
caregiver perceptions of caring, highlighting
the importance of aligning these perceptions
to improve patient motivation. In the context of
haemodialysis, nurses’ perceptions of the practice
environment and patients’ perceptions of nurses’
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caring behaviour are closely related to patient
satisfaction with nursing services. In addition,
nursing interventions that identify and control
haemodialysis patients’ level of uncertainty can
significantly improve patients’ self-care coping
and compliance.”” The presence of nurses, which
is defined as the caring behaviour of nurses
present with patients in the clinical environment,
plays an important role in focusing attention
on patient needs and providing healing during
haemodialysis treatment.!? Additionally, nurses
can contribute to effective fluid balance control,
reduced costs and improved quality of care for
haemodialysis patients through their nutritional
knowledge.

Nurses play a key role in encouraging the
development of self-care behaviour among
haemodialysispatientsbyprovidingthenecessary
knowledge and skills.?® The relationship between
nurses and patients can facilitate the provision
of haemodialysis services, emphasising the
importance of intimate relationships between
nurses and patients in increasing patient
motivation.?>*® Additionally, nurses’ experiences
in implementing caring attitudes and behaviours
in daily clinical practice have been observed
to increase self-esteem, sense of personal
accomplishment and job satisfaction.*® It is also
important for nurses to provide regular follow-
ups and instructions to haemodialysis patients
regarding self-care behaviours. The caring
behaviour of nurses is closely related to patient
motivation in the context of haemodialysis.*’

Limitation of this study was that it was limited
to only one City in Indonesia. It would be better if
the study was conducted in many cities to achieve
generalisation.

Conclusion

( 1
Nurses' caring behaviour can increase pa-
tient motivation in undergoing haemodialysis
therapy. The interaction between nurses and
patients in the treatment process can provide
support to patients to face the therapy they
are undergoing. Nurses are expected to always
maintain quality in providing services to pa-
tients, especially to patients who are undergo-
ing haemodialysis therapy in hospitals.
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Introduction

Being one of the most lethal malignancies, ovar-  survival rate of 17 %.2? Over 3.1 million new cas-
ian cancer represents the 3rd most common gy-  es and over 207,000 deaths were reported world-
naecological cancer and the 8th most common  wide in 2020 alone.? Often it is diagnosed at late
cancer in women worldwide with a poor 5-year  stage making it hard to achieve a good progno-
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sis. Ovarian cancer is considered to demonstrate
multifactorial causes including risk factors such
as age, parity, obesity, smoking, etc. However, in-
creasing evidence suggests that genetic factors
contribute significantly to the incidence of ovari-
an cancer.® Most common mutations seen in ovar-
ian cancer are in TP53, BRCA1, BRCA2, KRAS and
PIK3CA genes.*

Tumour microenvironment (TME) plays a vi-
tal role in tumour cell survival and cancer pro-
gression, as well as determining the efficiency
of administered chemotherapies and immuno-
therapies and consecutively the prognosis of the
patients. Especially in ovarian cancer, due to a
highly immunosuppressive microenvironment,
the first line platinum-based drugs showed high
recurrence rates and consequently became che-
mo-resistant. This leads to significant challenges
in treatment modalities and patient recovery.®
Multiple players of immune microenvironment of
tumours have been studied in context of cancer
risk or different biological behaviour of tumours.
One of them is IL-10. Both, gene characteristic
and protein expression levels of this cytokine
are found to be altered in some tumour tissues
of cancer patients. The IL-10 gene is located on
chromosome 1g32.1 with 5 exons. About 40 SNPs
have been described in the promoter region.®

The ovarian cancer patients showed significant-
ly higher concentration of IL-10 cytokine in the
ascites fluid and in the serum compared to the
control group.” Even tumour biopsies showed a
similar increase in IL-10 in tumour samples com-
pared to normal ovarian tissue and normal ova-
ries.®? The high expression of IL-10 is considered
as a bad omen as it decreases the survival rates’
and is shown to promote cancer cell migration
which results in local spread and metastasis if
present in ascites,!® while some polymorphism
in [L-10 gene promoter region showed to give ad-
vantageous results by providing optimal tumour
debulking and disease free survival rates! and
support tumour rejection by helping NK cells to
activate against the tumour cells.®

This may suggest the possibility of IL-10 acting
differently based on the presence of different
cytokines and the result of which would reflect
based on those other cytokines as well. Thus,
knowledge about IL-10 could bear a new torch to
understand the mechanisms of TME.

In the present study the single nucleotide poly-
morphism (SNP) rs1800896 also mentioned as

Balakrishnan et al. Scr Med. 2024 Mar-Apr;55(2):157-63. Ml

the IL-10-1082A/G polymorphism in the IL-10
gene was analysed and the expression of [L-10 in
the peripheral blood of ovarian cancer patients
to check the extent of the role of this SNP in the
ovarian cancer patients in Georgia.

Methods

The study design was a case-control study. Ovar-
ian cancer patients who were consecutively ad-
mitted to the oncology department of Madison
Hospital and Inova Medical Centre in Thilisi,
Georgia were recruited. Age-matched women
who were regularly involved in cancer screening
in an outpatient clinic in Tbilisi and were healthy,
were asked to volunteer as control group mem-
bers. Clinical information of patients was collect-
ed from medical notes.

The eligibility criteria for the cases were: a) di-
agnosis of ovarian carcinoma; b) ability to un-
derstand the purpose of the study and provide
informed consent; c¢) being ethnically Georgian.
Eligibility criteria for controls were as followed:
no diagnosis of ovarian cancer and minor illness-
es were acceptable (eg common cold, headache).
The rest of the criteria (2-3) were identical to that
of the cases. In total 48 patients were involved in
the study along with 48 healthy controls.

Blood samples were collected in a vacutainer
tube containing ethylenediaminetetraacetic acid
(EDTA). Genomic DNA and RNA were extracted
from the whole blood using DNA and RNA pu-
rification kits (Qiagen, USA). DNA and RNA con-
centrations were measured using the fluorome-
ter-based method (Qubit, Thermo Scientific, USA).

Genotyping

SNP genotyping was performed using TagMan
assay (Thermo Scientific, USA). The selected SNP
was rs1800896 SNP upstream of IL-10 gene (IL-
10-1082). Each TagMan SNP genotyping assay
contained sequence-specific forward and reverse
primers to amplify the polymorphic sequence
of interest and 2 TagMan minor groove binder
(MGB) probes with nonfluorescent quenchers
(NFQ): One VIC-labelled probe to detect allele
1(A) sequence and one FAM-labelled probe to de-
tect allele 2(G) sequence. Real time-PCR was per-
formed based on standard protocols. The reac-
tion mix, including the TagMan Master Mix (5.00
uL) and the 20X Assay Working Stock (0.50 uL),
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totalled 5.50 uL. Together with the DNA sample
(4.50 ul), the final reaction volume was 10 uL.
PCR conditions for amplification included poly-
merase activation at 95 °C for 10 min (hold), de-
naturation at 95 °C for 15 s and annealing/exten-
sion at 60 °C for 1 min (cycle 40). The real-time
PCR instrument software plots the results of
the allelic discrimination data as a plot of allele
1 (VIC dye) versus allele 2 (FAM dye). The allelic
discrimination (AD) plot represents each sample
well as an individual point on the plot. A typical
AD plot shows homozygote clusters, a heterozy-
gote cluster and the no-template controls. The
points in each cluster are grouped closely togeth-
er and each cluster is located well away from the
other clusters.

Reverse transcription

The reverse transcription was carried out by us-
ing Thermo Fisher High-Capacity cDNA reverse
transcription kits. The final volume of each reac-
tion well was 20 pL of which 10 pL was contrib-
uted by RNA sample and 10 pL was contributed
by 2X RT master mix. The 2X RT master mix was
prepared as per the protocol which consisted of
2 pL of RT random primers, 1 puL of Multiscribe
transcriptase, 0.8 uL of ANTP nucleotide mix, 2 pL
of RT buffer and 4.2 pL of nuclease free water to
fit each well of 20 pL reaction.

After loading, the PCR conditions for reverse
transcription included 10 min of incubation peri-
od at 25 °C, 120 mins of second stage at 37 °C and

Results

Association between promoter poly-
morphisms of IL-10 gene and ovarian
cancer

The genotype distributions of IL-10 gene poly-
morphisms among cancer and control groups
were all according to the expected Hardy-Wein-
berg equilibrium. IL-10 (-1082) allele and gen-
otype distributions of both ovarian cancer pa-
tients and controls are illustrated in Table 1.
There was no statistically significant difference
in frequency of genotypes and alleles between
the two groups (p > 0.05).
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5 min of final step at 85 °C. The obtained cDNA
samples were stored at 4 °C for further analysis.

Gene expression

Gene expression assays for IL-10 was performed
using TagMan gene expression assays (Thermo
Scientific, USA). The final volume of PCR reaction
of each well was 20 pL which contained 1 pL of
gene expression assay, 10 pL of gene expression
master mix, 4 pL of cDNA template and 5 pL of nu-
clease free water. The PCR settings for amplifica-
tion required polymerase activation at 95 °C for
10 min (hold), denaturation at 95 °C for 15 s and
annealing/extension at 60 °C for 1 min (cycle 40).

Statistics

The study and control groups were analysed sep-
arately. All statistical analyses were performed
by GraphPad Prism 9.3.1 for Mac (GraphPad Soft-
ware, San Diego, California USA).

Statistical significance for differences in geno-
type frequencies was determined by Chi-square
and Fisher’s exact test and the level of signifi-
cance was put at p < 0.05. An unpaired t-test was
used to compare the difference in mean prolifer-
ative activity of patients with A/A genotype and
patients having the G allele (A/G and G/G). To
evaluate associations between the SNPs and the
risk of cancer odds ratios (ORs) and 95 % confi-
dence intervals (ClIs) were calculated using un-
conditional logistic regression analysis.

Relationship between IL 10 (- 1082)
SNP and expression levels of IL-10
in ovarian cancer

In another analysis, the ovarian cancer samples
and controls were grouped according genotypes
to the polymorphic variant IL 10 (-1082) A/A,
A/G and G/G. Subjects having the homozygous
variant (A/A) had lower IL-10 mRNA levels than
those with the homozygous wild (G/G) genotype
in both, ovarian cancer patients and controls,
p < 0.05. In addition, mRNA levels on IL-10 were
different among cases and controls (p < 0.05).
Patients with ovarian cancer had higher level of
mRNA for IL-10 in all three groups (Figure 1).
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Table 1: Distribution of IL-10 -1082 A/G genotype and allele frequency in ovarian cancer patients

and controls
Genotypes or alleles  Cases N (%)  Controls N (%) OR (95 % CI) p-value
A/A 11 (22.9 %) 14(29.2 %) 1.00 (ref)
A/G 28 (58.3 %) 27 (56.2 %) 1.06 (0.57-1.74) 0.835
G/G 9(18.8 %) 7 (14.6 %) 0.84 (0.38-2.36) 0.648
Aallele 50 (52.1 %) 55 (57.3 %) 1.00 (ref)
Gallele 46 (47.9 %) 4 (42.7 %) 0.46 (0.21-1.43) 0.461
OR: odds ratio; CI: confidence interval;
s N
b
T
g I
el
=
E 0 I
=
J dn I 0C
2 50 o
=
-
A
" M
i
. il =
il
ASA AT GG
\ y,

Figure 1: Relative gene expression levels of the IL-10 in the ovarian cancer and control groups

0C: ovarian cancer patients group; C: control group;

Discussion

Cytokines involved in ovarian carcinoma play
very important role in survival rate, prognosis,
progression free survival and probability of me-
tastasis. Higher concentration of IL-10 protein
leads to higher chances of ascites in ovarian can-
cer patients.” As ovarian carcinoma has a very
high tendency to metastasise through trans-
coelomic spread, presence of ascites makes the
prognosis even worse as cytokines and chemok-
ines of malignant ascites enhance weakening of
cellular tight junctions, transmesothelial migra-
tion and epithelial-to-mesenchymal transition.!?
This process fastens the tumour cell seeding
throughout the abdominal cavity and promotes
tumour growth, thereby reducing the efficiency
of debulking surgeries.

The paradox is that IL-10 also plays a crucial role

in tumour suppression. IL-10 can suppress HLA
expression on the tumour cell surface which acti-
vates NK cells against those tumour cells.® Anoth-
er study showed that PEGylated IL-10 activates
systemic immunity by CD8" T cell invigoration,
polyclonal T cell expansion; increase the levels
of INF-y, granzyme B in cancer patients and pro-
motes tumour cell regression.!* There are various
trials and studies which showed various mod-
ified IL-10 such as, PEG IL-10, PVC-Ag coated IL-
10, adenoviral-mediated expression of IL-10 have
showed results favouring anti-tumour properties
of IL-10.1*

Presented study showed no clinical significance
of IL-10 SNP variant (-1082) when it comes to
G/G vs A/G*A/A polymorphisms. It reflects the
results described earlier.!! Analysis was also ex-
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tended with IL-10 expression. This showed that
homozygous variant (A/A) had lower IL-10 mRNA
levels than those with the homozygous wild
(G/G) genotype in both, ovarian cancer patients
and controls, (p < 0.05). Further analysis showed
that patients with ovarian cancer had higher lev-
el of mRNA for IL-10.1°

Furthermore, a study among colorectal cancer pa-
tients revealed that the GG genotype of -1082A/G
polymorphism in IL-10 were higher in controls
compared to colorectal cancer patients.'® A case
control study showed that similar results among
breast cancer patients by proving AA genotype
shows increased risks towards the development
of the breast cancer.!” While this SNP and corre-
sponding gene expression have been analysed
in a number of articles for separately separate
groups of population, more studies are needed of
rs1800896 SNP of IL-10 gene and IL-10 gene ex-
pression in ovarian cancer patients.

IL-10 along with other cytokines play an im-
portant role in inducing the immunosuppressive
TME. Induced or adapted subset of regulatory T
cells (Treg) and tumour cells produce immuno-
suppressive cytokines such as IL-10, TGF-B, etc.
[L-10 in turn makes dendritic cells (DC) dysfunc-
tional which further provides the positive feed-
back loop to induce and expand Treg cells further
by stimulating their proliferation. Treg cells are
known to induce tumour specific tolerance and
immunosuppression.® The IL-10 treated DCs
demonstrated antigen specific anergic conditions
in both CD4* and CD8* T cells as well.*® But, I[L-10
is also believed to be acting with anti tumouro-
genic properties.

Attempts were made to analyse both rs1800896
SNP of IL-10 gene and IL-10 gene expression in the
same group of population. Yet, presented study
has some limitations, one of which is the small-
er sample size. Seeing some tendency despite
this relatively small number of studied cases in-
creases the value of the results and demonstrates
importance of further research in this direction.
Another significant improvement to study results
could be brought by excluding the possibility of
other polymorphism in the IL-10 promoter region
influencing the gene expression.
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Conclusion

s N
Presented results support the theory that IL-

10 gene expression levels differ in patients
with and without ovarian cancer. Polymorphic
variant IL-10 (-1082) A/G couldn’t be con-
firmed to explain this difference in gene ex-
pression levels.
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Abstract

Background/Aim: The timing of a tooth's eruption can be affected by a
variety of factors. The nutritional status has an impact on the development
of a child’s body. The purpose of the study was to analyse the number of
children aged 6 to 9 in an Iraqgi Arab population who had erupted perma-
nent first molars and to examine how nutritional status affected the timing
and level of emergence.

Methods: A total of 330 boys and girls, in first grade elementary school,
made up the sample. First molars that had erupted were noted, along with
the level of the eruption. Each child's nutritional status was evaluated by
recording their height and weight and body mass index (BMI) value was
compared to the 2007 WHO reference.

Results: Girls had higher number of erupted molars than boys did and a
correlation between the number of erupted teeth and nutritional condition
existed, with a higher mean number of erupted molars in obese children.
Conclusion: BMI had an impact on the timing of the eruption of perma-
nent first molars, a result that was primarily observed in females.
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Introduction

Tooth eruption refers to the movement or change
in the position of the tooth from the depth of the
alveolar bone until it reaches occlusal contact
with an opposing and adjoining tooth. When the
crown of a tooth has formed completely the tooth
will the start its eruptive movement. The erup-
tion of a tooth is completed after about five years
from the time the crown formation is completed.!

The nutritional status of an individual can be re-
flected by the status of the oral cavity. Many fac-
tors that relate oral health conditions, nutrition-
al status and the general well-being have been
found. These include forces exerted by the vas-
cular tissues surrounding and beneath the root,
hormonal influences, the presence of a healthy
dental follicle, pressure from muscular action,

resorption of the alveolar crest, growth and de-
velopment of the alveolar bone and growth and
development of the periodontal membrane.?

Delay tooth eruption is applied when the appear-
ance of a tooth in the oral cavity at a time that
differs from norms set for various races, ethnici-
ties and sexes. It could be caused by local factors
or other factors. Gender, genetics, nutrition, so-
cioeconomic situation and others are a few of the
factors that might also delay or impact the erup-
tion of teeth.?

Nutrition refers to nutrients that the body utilis-
es to continue in development, maintenance and
repair. These substances are provided from food.
Anthropometric measurements include many

Copyright © 2024 Khalaf et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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methods that have been used to evaluate nutri-
tional status and provide knowledge on growth
and body composition. For the estimation of
underweight, stunting, wasting, or overweight
associated with a higher likelihood of having ad-
verse health effects, it is crucial to collect such
information.* Body mass index (BMI) is a metric
that has been utilised in dentistry, particularly in
research on the relation of obesity to dental car-
ies. It can be calculated counting the square root
of a person’s weight to height.

Several studies were conducted in Iraq investi-
gating the nutritional status in relation to various
variable.®!° Few were found that investigated the
teeth eruption status. In 2008, Gatta et al clari-
fied that tooth emergence is a process of growth
and therefore is related with other body process-
es, especially child’s weight and height.!* In 2013,
Hanoon et al discovered that malnourished chil-
dren had less permanent teeth erupted in the oral
cavity than children, who by height and weight,
were defined as well nourished.'? In 2016, Ahmed
and Al-Dahan® indicated that Iraqi children
showed differences in permanent tooth eruption
in comparison with studies carried previous to
their study. They stated that the malnutrition
children and adolescents showed late eruption of
teeth while in 2023, Hassan et al** described dif-
ferent results in that the timing if eruption was
not related to the feeding pattern nor the level of
growth hormone in saliva. Although their study
was on primary teeth eruption. Also, results seen
by Salim et al'® revealed that obese individuals
and overweight individuals showed eruption of
permanent teeth to be delayed in comparison to
normal weighing individuals.

These differences in results of previous studies,
especially those carried out in Iraqi populations,
have provoked the purpose of this study to count
the number of permanent first molar teeth that
had erupted in a sample of Iraqi children aged 6
to 9 and to assess the impact of nutritional status
on the timing and level of those teeth’s eruptions.

Methods

The sample size was calculated to be 330 chil-
dren (164 females and 166 males) using G power
3.0.10. The participating children ranged in age

Khalaf et al. Scr Med. 2024 Mar-Apr:55(2):165-71. [l

from 6 to 9, Iraqi Arabs and resided in Baghdad.
The Scientific Committee and the Central Ethical
Committee of the College of Dentistry at the Uni-
versity gave approval for this study. Parents of
the children accepted to participate in this study
were informed and provided their written con-
sent.

Examination of teeth

The examination was started by recording the
determined permanent teeth erupted in the oral
cavity. Then the level of eruption of permanent
first molars was evaluated while children were
standing and under the natural sunlight. Exam-
ination of teeth was carried out by the use of a
disposable dental mirror. The level of the erup-
tion was measured according to the criteria pre-
sented by Carvalho et al.'®

Criteria for the stage of a permanent first molar’s
eruption: Stage 0: Not erupted; Stage 1: Partial-
ly erupted occlusal surface; Stage 2: Fully erupt-
ed occlusal surface with less than 1/2 of crown
erupted; Stage 3: Fully erupted occlusal surface
with more than 1/2 of crown erupted; Stage 4:
Full occlusion.

Measurement of BMI

A computerised weighing scale was used to de-
termine the child’s weight. A regular measuring
tape that was mounted on the wall was used to
measure height. After taking off their shoes, the
youngster was instructed to stand up against the
measuring tape with their feet parallel to one
another. The BMI was calculated as individual’s
weight in kg divided by the square of their height

in m.

The height-for-age (HAZ), weight-for-height
(WHZ) and BMI indicator’s value was compared
to the 2007 WHO reference, chart for ages 5-18
years (z-scores). Four categories were defined:
underweight (thinness and severe thinness were
appointed to this category), normal weight, over-
weight and obese."

Statistical analysis

Data were entered into Microsoft Excel and IBM
SPSS Statistics version 26 was used for analysis.
Normality was assessed using the Shapiro-Wilk
test and significant differences were found if p <
0.05 between BMI groups.
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Results

A total of 164 girls and 166 boys (aged 6-9 years)
were recruited in this study. Among the 330 chil-
dren assessed, 22 (6.67 %) were underweight,
230 (69.69 %) were normal weight, 60 (18.18 %)
were overweightand 18 (5.45 %) were obese. The
association between gender and BMI was signifi-
cantly different (p < 0.05). Girls were more often
overweight and obese (38 and 10, respectively)

167

Girls showed higher mean values (2.45 + 0.963) for
the molar eruption stage than boys (2.18 + 1.174)
and a t-test (t = 2.223) revealed that this differ-
ence was statistically significant (p = 0.027). Us-
ing Spearman correlation test, weak positive (p =
0.002) correlation was found between the stage
of tooth eruption and the nutritional status.
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Figure 1: Distribution of the sample according to body mass index (BMI) and gender

while boys were more often underweight and
normal weight (16 and 120, respectively) as seen
in Figure 1.

A significant difference was found when com-
paring the number of erupted teeth to the BMI
categories using the independent-samples Krus-
kal-Wallis test (p = 0.044). Using pairwise tests
the difference was found between the normal
and the obese as seen in Table 1 with the highest
mean of the erupted molar in obese children.

Table 1: Pairwise comparison of the number of erupted teeth
and body mass index (BMI) groups

There was no distinction between the left and
right sides. Children who were underweight were
shown to have a first molar eruption that was
later than the other. The average age and median
age at which mandibular and maxillary first mo-
lars erupted by BMI categories is shown in Table 2.

Statistically, no significant difference was found
in the eruption age between the mandibular and
maxillary molar (t=-0.228, p = 0.819) using t-test.
According to the age of the child, underweight

Table 2: Mean age of eruption of molars between body mass
index (BMI) groups

BMI groups X2 SE p-value
Normal-Underweight 14.563 15.360 0.343
Normal-Overweight -15.151 9.978 0.129
Normal-Obese -42.017 16.846 0.013*
Underweight-Overweight -0.588 17155 0.973
Underweight-Obese -27.455 21.875 0.209
Overweight-Obese -26.867 18.497 0.146

*Significant at p < 0.05; X? = Kruskal-Wallis test; SE: standard error;

BMI groups  Makxillary permanent Mandibular permanent
first molar (Age) first molar (Age)
Mean Median Mean Median
+SD (1QR) +SD (1QR)
Underweight 7.9 = 1.26 9.0(2.00 83+096  9.0(2.0)
Normal 7.3+0.96 71(1.3)  7.3+0.96 71(1.3)
Overweight 7.3 =1.00 71(1.2)  73+0.96 71(1.2)
Obese 6.7 = 0.36 70(04) 67=0.36 7.0 (0.4)

SD: standard deviation; IQR: interquartile range;
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Figure 2: Distribution of the sample according to body mass index (BMI) groups and age

children mostly were at nine years old children
(n = 12) while the normal category was mainly
6-7 years old children (n = 78 and 76, respective-
ly). The overweight and obese categories were at
seven years old (n = 26 and 14, respectively) as
seen in Figure 2. When comparing the nutritional
status between the age groups significant differ-
ence was found (p = 0.011). Using pairwise tests
the differences were found between the under-
weight and the other categories (Table 3).

Table 3: Comparison of age differences in body mass index
(BMI) groups

BMI groups X2 SE p-value
Obese-Normal 23.197 22.307 0.298
Obese-0verweight 38.100 24.493 0.120
Obese-Underweight 83.576 28.966 0.004*
Normal-Overweight -14.903 13.212 0.259
Normal-Underweight 60.379 20.339 0.003*
Overweight-Underweight 45.476 22.716 0.045*

SD: standard deviation; IQR: interquartile range; *Significant at p < 0.05;
X? = Kruskal-Wallis test; SE: standard error;

According to height for age z-score, children were
mostly in normal category and only 9 children
were in moderate stunting (3 girls, 6 boys). Sig-
nificant positive correlation (r = 0.4) between z
score for height and the stage of the erupted mo-
lar (p < 0.001) was found.

Discussion

BMI has been long utilised and depended on to
compare the anthropometric values of adults
and children. However, it refers to body fatness
in children.!® Due to its effect, studied previously,
on child’s intelligence, occlusion of primary and
permanent teeth, caries risk and the timing of
preventative and orthodontic intervention, per-
manent teeth erupt might be affected by nutri-
tional status.'* 2% These dental conditions put
a heavy financial strain on the medical system.
Therefore, research to study the variables af-
fecting the period of permanent tooth eruption is
very important for clinical personnel and public
health strategies.

There was significant difference in the number
of erupted permanent first molars between BMI
groups, with a higher mean among obese chil-
dren. These results support the earlier article
of Wong et al.?! As evident from the results, sig-
nificant sex differences were seen for BMI status
in the total sample. The higher number of over-
weight or obese children was in girls. This was in
contrast to Talwar and Airi,?? who stated in their
research that the malnourished were more in
girls than boys. However, their investigation was
carried out in areas where malnutrition in chil-
dren is a problem.
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Girls had more erupted first permanent molars
than boys. Teeth have been seen to emerge a little
earlier in girls than boys.? The reason for the ear-
lier eruption is unclear. Although it is thought to
be related to the difference in sexual maturation
of each sex at a specific age. This difference in this
study may be due to the finding that malnutrition
was more among boys. This result agreed with
that of the study done by Ahmed and Al-Dahan®?
and Laith and Al-Rawi.?* It disagreed with Reis et
al?® study which stated that girls are more prone
to delayed teeth eruption compared to boys.

In this study, the mean age of eruption of first
molars was found to have a statistically signifi-
cant difference between underweight, normal,
overweight and obese children who were cat-
egorised according to BMI status. This finding
agreed with Esan and Schepartz.?® The result of
this study showed children in the underweight
category showed delayed eruption patterns
while obese children had earlier eruption ages
compared with those with lower BMI status. Sim-
ilar observations were made by Reis et al?®> who
demonstrated that underweight children had
more than 4 times higher chance of presenting
delayed teeth eruption. Lack of important nutri-
ents and reduced growth hormones may have
been the factor that caused tooth eruption delay
in underweight children attributed to altered
tooth formation.?’” Since the regulation of the hor-
mones and metabolic processes happens in adi-
pose tissue. Accumulation of adipose tissue leads
to hormonal changes in obese individuals, which
in turn accelerates the release of growth hor-
mones leading to the eruption of teeth accelera-
tion.?! A past study revealed dental development
was weakly related to nutritional status and
maturational status of children when compared
to genetic correlates. Genetic correlates are of a
reasonable order of magnitude and when studied
on monozygotic twin pairs, it was about as high
as theory would allow.?®

The likelihood of developing dental cavities, has
also had clinical significance. A tooth that has
erupted early will be in the oral cavity and ex-
posed to cariogenic substances for a longer peri-
od at a particular age. This in turn will increase
the susceptibility of the tooth to develop carious
lesions.? In order to organise programs that ef-
fectively prevent childhood caries, it is important
to consider the early tooth eruption in obese chil-
dren. On the other hand, this was conflicting with

1169

Raghavan et al'® who stated obese children expe-
rienced delayed eruption and that the mean age
of eruption increased with increasing BMI.

The study was only carried out in a small area of
the country. As a result, the results of the current
study cannot be extended to the population of
Iraq. Further study on nutritional condition and
its major impact on delayed tooth eruption is sug-
gested by these findings.

Conclusion

BMI had an impact on the timing of the erup-
tion of permanent first molars, a result that
was primarily observed in females.
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terventions that can be done to overcome this are progressive muscle Effectiveness of progressive muscle relaxation
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was 88 with inclusion criteria - third trimester pregnant women who expe-
rienced back pain. Pain was measured with numerical rating scale (NRS)
and analysed using Wilcoxon test.

Results: The average reduction in back pain for pregnant women after
progressive muscle relaxation was 2.12, while the average reduction in
back pain for pregnant women after BL 23 and GV 3 acupressure was
1.50. There is a mean difference between the two (0.62), so it can be con-
cluded that there was a difference in the effectiveness of reducing back
pain for pregnant women in the third trimester between the progressive
muscle relaxation intervention and the respondents' pain scale after the
acupressure therapy intervention at points BL 23 and GV 3.
Conclusion: Back pain for pregnant women in the third trimester can
be treated with progressive muscle relaxation therapy or acupressure at
points BL 23 and GV 3 to reduce back pain. Progressive muscle relaxation
therapy was more effective. Progressive muscle relaxation can be done by
pregnant women themselves when back pain occurs.

Key words: Back pain; Pregnant women; Progressive muscle relaxation;
BL 23; GV 3; Acupressure.
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Introduction

During pregnancy, a woman experiences many respiratory, renal, integumentary, musculo-
changes, both physiological and psychological.*?  skeletal, neurological, digestive and endocrine
Physiological changes that occur not only in the  systems can cause discomfort, especially in the
reproductiveorgansbutalsointhecardiovascular, second and third trimesters.? Physical changes

Copyright © 2024 Pawestri et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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can include dyspnoea, insomnia, gingivitis and
expulsion, frequent urination, pressure and
discomfort in the perineum, back pain,
constipation, varicose veins, fatigue, Braxton
Hicks contractions, leg cramps, ankle oedema.* >
One of the problems faced by pregnant women in
the third trimester is back pain. Back pain can
appear at the beginning of the trimester and then
peak in the third and second trimesters.®

Back pain is one of the most common discomforts
experienced by pregnant women in the third
trimester of pregnancy.® Based on research
conducted on pregnant women, it shows that the
prevalence of back pain in pregnant women is 70-
86 %.” The study mentions that the prevalence of
back pain in third trimester pregnant women
was 33.7 %.% According to the study, 73.33 % of
pregnant women experienced moderate pain,
while 16.67 % experienced severe pain and 10 %
experienced mild pain.® Based on the Indonesian
health data profile, 5,298,285 pregnant women
were experiencing back pain in Indonesia, in the
Central Java province the number was 314,492, in
the Semarang City area 53,734 pregnant women
experienced back pain.’® Back pain that occurs
during pregnancy occurs due to anatomical
changes in the body. Back pain is the most
commonly reported complaint of pregnant wo-
men.”?

The impact of back pain complaints on pregnant
women in the third trimester is that mothers feel
uncomfortable with their activities or have
disturbed activities, are anxious, experience
changes in the shape of their body structure and
experiencelong-termback pain, therebyincreasing
the tendency for back pain.! Pain causes pregnant
women to experience fear and anxiety, thereby
increasing stress and experiencing physiological
changes during pregnancy.!? Pain and anxiety are
synergistic and exacerbate each other, a sign of
discomfort in pregnant women experiencing pain
in the back.’ Back pain causes a person to
experience fear and anxiety, resulting in stress
during pregnancy, which has an impact on the
pregnancy process. Back pain in pregnant women
has the impact that a pregnant woman will feel
fear and anxiety, thereby increasing stress and
experiencing physiological changes.!* Around 75-
90 % of back pain in pregnancy affects the level of
quality of life, limits activity and productivity and
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even creates physical disabilities in pregnant
women.”

Therapies that can be used to reduce back pain
for pregnant women in the third trimester include
progressive muscle relaxation, BL 23 and GV 3
acupressure.’>'” Progressive muscle relaxation
therapy is carried out by tightening and relaxing
the muscles at one time to provide a feeling of
physical relaxation.’® ' Progressive muscle
relaxation therapy can also be done by stretching
and relaxing each group of muscles at the same
time which will produce progressive relaxation
of the entire body, as well as calming the mind by
stretching for three to five seconds and focusing
attention.”'® Progressive muscle relaxation is one
of the complementary therapies that nurses can
use as a non-pharmacological therapy. Prog-
ressive muscle relaxation can be given to
pregnant women who experience sleep distur-
bances, back pain, anxiety and stress the benefits
of progressive muscle relaxation therapy can
provide a feeling of relaxation and calm, improve
blood flow and reduce muscle tension.'’®2° One
non-pharmacological treatment method for dea-
ling with back pain in third trimester pregnant
women is the progressive muscle relaxation
technique which is carried out to reduce the
intensity of back pain.?!

With acupressure therapy at points, BL 23 and GV 3,
based on the study, point GV 3 shows that
acupressure influences reducing the level of back
pain in pregnant women.!> ?2 Acupressure mea-
sures to treat back pain at the Shenshu point,
bladder point (BL 23) can facilitate blood flow
located in the lumbar area on the same inferior
line as the second lumbar spine spinous process,
point (GV 3) can facilitate blood flow which is
located between the third and fourth lumbar.'”?%%
There is a decrease in the intensity of back pain in
pregnant women in the third trimester after
performing acupressure at BL 23, which means
that there is an influence of acupressure at BL 23
on the intensity of lower back pain in pregnant
women in the third trimester.'> ? 2* Thus, this
study aimed to determine the difference in back
pain intensity of pregnant women in the third
trimester who underwent progressive muscle
relaxation therapy and acupressure therapy at
points BL 23 and GV 3.
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Methods

The research design was carried out as a quasi-ex-
periment with a two-group pretest and post-test
design approach. The research was conducted at
the Semarang City Maternity Clinic, Indonesia.

The number of respondents was 88 divided into
two groups, 44 respondents underwent progres-
sive muscle relaxation intervention and other
44 respondents underwent acupressure therapy
intervention at points BL 23 and GV 3. Including
criteria was: pregnant women in the third tri-
mester who experienced back pain, older than 20
and younger than 35 years of age, gestational age
more than 28 weeks and willingness to partici-
pate.

Interventions

The researcher delivered a questionnaire before
the intervention (pretest) and examined the com-
pleteness of filling out the questionnaire. The in-

Results

The number of respondents was 88, 44 of third
trimester pregnant women underwent progres-
sive muscle relaxation intervention and 44 un-
derwent acupressure therapy intervention at
points BL 23 and GV 3. Characteristics of respon-
dents is shown in Table 1.

Table 1: Characteristics of third trimester pregnant women with
back pain

Parameter N %
Age (year)
20-35 85 96.59
> 35 3 3.41
Gestational age (weeks)
28-30 21 23.90
31-35 32 36.40
36-40 34 38.60
41-45 1 110
Occupation
Private employee 36 40.90
Housewife 40 45.50
Teacher 5 5.70
Trader 5 5.70
Government employee 2 2.30
Total 88 100.00
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tervention stage was carried out by progressive
muscle relaxation therapy and acupressure ther-
apy at points BL 23 and GV 3 on each respondent
with a prospective random sampling design. The
final stage was to review the intensity of back
pain by using a pain scale instrument called the
numeric rating scale (NRS).?

Statistical and data analysis

Univariate analysis was carried out on the variable
intensity of back pain in third trimester pregnant
women. Bivariate analysis was carried out to anal-
yse differences in the effectiveness of reducing the
intensity of back pain in third trimester pregnant
women who underwent progressive muscle re-
laxation intervention and acupressure therapy at
points BL 23 and GV 3. Bivariate analysis used the
Wilcoxon test because the data was non-paramet-
ric with non-normal data distribution.

Intensity of back pain of third trimester pregnant
women before and after progressive muscle re-
laxation therapy intervention is shown in Table 2.
The back pain scale before the progressive mus-
cle relaxation intervention was a minimum of 5,
a maximum of 8 and the average pain scale was
6.05 £ 0.834. After progressive muscle relaxation
intervention pain scale was a minimum of 2 and
a maximum of 6 and the average pain scale was
3.93 £ 1.065.

Intensity of back pain of third trimester pregnant
women before and after acupressure interven-
tion points BL 23 and GV 3 is shown in Table 3.
The back pain scale before the acupressure ther-
apy intervention at points BL 23 and GV 3 was a
minimum of 4, a maximum of 7 and the average
pain scale was 6.25 * 0.811. Pain scale after acu-
pressure therapy was a minimum of 3 and a max-
imum of 6 and the average pain scale was 4.75 *
0.918.

The average reduction in pain intensity in the
progressive muscle relaxation intervention was
2.12, while the average reduction in pain inten-
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Table 2: Back pain in third trimester pregnant women before and after progressive
muscle relaxation (PMR) therapy intervention according to the numerical rating
scale (NRS)

NRS n Min Max Mean SD Y4 p-value
Back pa!n before PMR 44 5 8 6.05 0.834 5834 <0001
Back pain after PMR 44 2 6 3.93 1.065

n: number of participants; Min: minimum; Max: maximum, SD: standard deviation; Z: Wilcoxon test value;

Table 3: Back pain in third trimester pregnant women before and after acupressure
intervention points BL 23 and GV 3 according to the numerical rating scale (NRS)

NRS n Min Max Mean SD Y4 p-value
Back pain before acupressure
intervention BL 23 and GV 3 4 / 6.25 0811

- -5.753 < 0.001
Back pain after acupressure
intervention BL 23 and GV 3 8 6 475 0.918

n: number of participants; Min: minimum; Max: maximum, SD: standard deviation; Z: Wilcoxon test value;

Table 4: Difference in means of back pain decrease in pregnant women in the 3rd
trimester after progressive muscle relaxation intervention compared to acupres-

sure at points BL 23 and GV 3

Research variable Intervention Mean z p-value

Intensity scale of back pain rg;?:t?gri]"e muscle 212 5834

for pregnant women in the 3rd - < 0.001
; Acupressure at points

trimester BL 23.and GV 3 1.50 -5.753

sity in the BL 23 and GV 3 acupressure interven-
tions was 1.50. There was an average difference
in decrease of 0.62. Reduction of back pain in
third trimester pregnant women with progres-
sive motor relaxation intervention was more ef-
fective than acupressure therapy at points BL 23
and GV 3 (Wilcoxon test, p < 0.001) (Table 4).

Discussion

The research results showed that the age of
the respondents was between 20-35 years old
(96 %). In this study, data was obtained that
the respondents were in the productive age
range during pregnancy. The age range of 20-35
years is the ideal age during pregnancy where
the reproductive organs develop optimally
and psychological development is very good in
preparing for pregnancy. The safest age for a
woman to get pregnant is 20-35 years old, if the
age is above or below this age there is a risk of
complications during pregnancy and childbirth.*
26 Pregnant women under the age of 20 are at
risk of miscarriage, premature birth, anaemia
in pregnancy, congenital abnormalities, easy

infection, poisoning and death.?” 28 Ages over
35 years are at risk of complications during
pregnancy. The risk of pregnancy complications
over the age of 35, where at that age there are
changes in the tissues of the uterus and the birth
canal is no longer flexible, which can result in
high blood pressure, excess weight, diabetes and
labour that is more difficult and prolonged are
problems that can occur.?® Other dangers that
can occur are pre-eclampsia, premature rupture
of membranes, obstructed labour and post-natal
bleeding.®°

The back pain of pregnant women who underwent
progressive muscle relaxation experienced a
very significant reduction. In line with the study,
back pain in third trimester pregnant women can
be treated with progressive muscle relaxation
therapy.’®° This occurs because back pain occurs
due to muscle tension in the back and pelvic
muscles, so by carrying out progressive muscle
relaxation interventions, the tense muscles begin
to relax and loosen. The progressive muscle
relaxation technique is a method that can be
used to overcome the intensity of back pain
in pregnant women.’”® The progressive muscle
relaxation technique is a nursing intervention to
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reduce back pain in pregnant women that has no
side effects, is very easy for pregnant women to
do themselves and costs nothing.

Progressive muscle relaxationisacomplementary
therapy for dealing with back pain in pregnant
women that can be given or taught by nurses
to clients. The principle of progressive muscle
relaxation is to relax the muscles and mind by
stretching and relaxing each group of muscles
for five seconds and concentrating the mind
followed by deep breathing and then releasing
tension until the muscles become limp.?! The
effect of progressive muscle relaxation provides
a feeling of comfort that stimulates endorphin
hormones. An increase in endorphin hormones
in the blood can inhibit pain nerve endings and
prevent pain stimuli from entering the spinal
cord so that the quality of pain is reduced in the
cerebral cortex.’!' 32 Movements in progressive
muscle relaxation help relax the muscles so that
they become relaxed and then back pain can be
controlled. Back pain is transmitted by visceral
pain impulses originating from the back muscles
and pelvic muscles through sensory nerve fibres
that run in the sympathetic nerves.

The results of this study showed that the back
pain scale of pregnant women in the third
trimester of respondents before the acupressure
therapy intervention at points BL 23 and GV 3
was a minimum of 4, a maximum of 7, the average
pain scale was 6.25. The respondents’ pain
scale after acupressure therapy intervention at
points BL 23 and GV 3 was a minimum of 3 and
a maximum of 6, the average pain scale was 4.75.
Acupressure is a technique that applies physical
pressure to the surface of the body which is a
place for energy circulation and balance in cases
of pain. For back pain, acupressure intervention
at points BL 23 and GV 3 can also reduce back
pain in pregnant women.??>-2* When acupressure
points are stimulated, there is a release of tension
in the muscles or increased blood circulation,
relaxing the pelvic muscles. Massaging at BL 23
can reduce back pain in pregnant women in the
third trimester.2? The acupressure technique at
points BL 23, GV 3 and GV 4 can effectively reduce
back pain in third trimester pregnant women.
Acupressure energy at acupuncture points will
flow through the meridians to the target organs.
Stimulation or sedation of target organs will
affect changes in biochemistry, physiology and
perception/taste.®

The acupressure mechanism contributes to
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the stimulation of the pituitary-hypothalamus
complex, releasing [-endorphins systemically
into the bloodstream from the pituitary
gland, resulting in the release of 3-endorphins
accompaniedbythereleaseofadrenocorticotropic
hormone.?* Biochemical changes can occur in the
form of increased serotonin and endorphin levels,
physiological changes can occur in the form of
oxygen activity and blood flow and changes
in perception/taste can occur in the form of
decreased pain levels.!”

Progressive muscle relaxation is more effective
in reducing back pain in the third trimester
of pregnant women by the principle of the
progressive muscle relaxation movement is
a combination of deep breathing relaxation
with contraction-relaxation of the muscles,
thus causing a pleasant feeling of comfort and
relaxation.?! The effect of progressive muscle
relaxation training is that the parasympathetic
nerve fibres will be active and activate endorphin
hormones which function to get a happy effect
and return the body to a normal condition so that
the muscles relax and reduce pain, anxiety and
stress.’®3! A relaxation technique that can reduce
tension, is comfortable because it is equipped
with deep breathing exercises and a series of
movements from the face to the feet so that it can
stimulate the release of endorphins hormones
and reduce feelings of pain.3!

In this study, the results showed that progressive
muscle relaxation was more effective for dealing
with third trimester pregnant women’s back
pain compared to acupressure at points BL
23 and GV 3. This was because there was an
active process from the respondents to carry
out muscle relaxing movements coupled with
deep breathing relaxation, then also perform
muscle movements both on the face, body and
legs to increase muscle relaxation; widen blood
vessels reduce pain due to spasm or stiffness in
the muscles.’ 3! Progressive muscle relaxation
is identifying tense muscles and then reducing
tension by carrying out progressive muscle
relaxation techniques to get a relaxed feeling so
that it can reduce pain.’®?! Acupressure at points
BL 23 and GV 3 in this study can also reduce back
pain for pregnant women in the third trimester,
however when compared with progressive
muscle relaxation it is less effective.'> ' 22 This
is because the implementation of acupressure is
only carried out once, so the intervention needs
to be repeated so that the results will be maximal.
The frequency of acupressure therapy performed
2 times is more effective than 1 intervention.?*
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Conclusion

e N
Back pain for pregnant women in the third tri-
mester can be treated with progressive muscle
relaxation therapy or acupressure at points BL
23 and GV 3 to reduce back pain. Both thera-
pies can be used to reduce back pain for preg-
nant women in the third trimester with the
right methods and techniques. Progressive
muscle relaxation therapy was more effective.
Progressive muscle relaxation can be done by
pregnant women themselves when back pain
occurs.
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lence of B, deficiency in a sample of diabetic patients taking metformin.
Secondary objectives were determining the minimum dose and minimum
and median time exposure time leading to this deficiency and identifying
the average duration of metformin use in the patients with this deficiency.
Methods: Descriptive and cross-sectional observational study was per-
formed on a sample of 79 users from a population of 714 diabetic patients
on metformin. Inclusion criteria comprised individuals aged 18 or older,
receiving metformin for at least 1 month and voluntarily participating in the
study. Exclusion criteria included a history of gastrectomy or B,, supple-
mentation.

Results: A prevalence of 25.3 % of vitamin B,, deficiency was identified
in the study sample. Minimum doses of 500 mg of metformin per day and
a minimum exposure period of 1 year were associated with B,, deficiency.
An average exposure time of 5.33 years was identified.

Conclusion: These results align with the prevalence described in the few
international studies and should alert physicians to potential clinical mani-
festations of this deficiency, such as anaemia and neurological symptoms
like neuropathy.

Received: 21 January 2024
Revision received: 25 February 2024
Accepted: 25 February 2024

Key words: Metformin; Vitamin B,,; Diabetes mellitus.

12’

Introduction

Diabetes mellitus, a chronic metabolic disor- a growing body of evidence has raised concerns
der, has reached a prevalence of 537 million in  about its association with vitamin B,, (cobala-
adults aged between 20 and 79 years worldwide  min) deficiency.

in 2021, a number which is expected to increase

to 700 million by 2045.! Metformin is generally = The American Diabetes Association (ADA) and
one of the first-line therapy options due to its fa-  the European Association for the Study of Diabe-
vourable safety profile, glucose-lowering efficacy = tes (EASD) recommend periodic assessment of
and potential cardiovascular benefits.? However,  vitamin B , serum levels in patients on long-term
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metformin, without specifying exposure times or
metformin doses. On the other hand, the Endo-
crine Society (ES), American Association of Clin-
ical Endocrinology (AACE) and American College
of Endocrinology (ACE) advocate for the assess-
ment of vitamin B,, levels exclusively in individu-
als who manifest neuropathic symptoms.3-

The International Society of Nephrology (ISN)
recommends the evaluation of serum B, , after
4 years of metformin or in those patients with
increased risk of deficit (eg, patients with mal-
absorption syndrome or reduced dietary intake
[vegans]). Furthermore, the Canadian Diabetes
Association (CDA) advises a periodic measure-
ment of Vitamin B,, levels in people taking met-
formin or with signs or symptoms of deficiency
(such as impaired proprioception or peripheral
neuropathy).t

The prevalence of vitamin B,, deficiency in dia-
betic patients undergoing metformin therapy
constitutes a subject of escalating scientific in-
terest and clinical significance due to its associa-
tion with anaemia and peripheral nerve damage,
potentially exacerbating symptoms related to
diabetic peripheral neuropathy.”® Understanding
the interplay between metformin, diabetes and
vitamin B,, status is crucial for optimising pa-
tient care and mitigating the potential long-term
consequences associated with B, , deficiency.

The principal aim of this investigation was to
evaluate the prevalence of vitamin B, , deficiency
among diabetic patients taking metformin. The
secondary objectives of this study encompassed:
appraising the minimal doses of metformin cor-
related with the occurrence of vitamin B,, defi-
ciency and scrutinising the minimal and median
durations of exposure to metformin associated

with the manifestation of vitamin B, deficiency.

Methods

Participants

The study adhered to the ethical principles out-
lined in the Declaration of Helsinki and obtained
approval from the institutional ethical board at
Regional Administration of Health of North of
Portugal. All participants provided written in-
formed consent.

Peixoto et al. Scr Med. 2024 Mar-Apr;55(2):181-6.

In this prospective, on-site investigation, individ-
uals diagnosed with type 2 diabetes, prescribed
metformin and presenting for routine consulta-
tions with their family physicians during the pe-
riod from May to August 2023, were invited to
participate. The sampling method employed was
convenience sampling, selected deliberately to
minimise interference with the routine vigilance
conducted by family physicians. In instances
where patients required blood samples for dia-
betes monitoring or other purposes, family phy-
sicians included B,, vitamin analysis in the req-
uisition. The ensuing anonymised results were
meticulously entered into a Microsoft Excel®
spreadsheet by the family physicians for subse-
quent analysis by the researchers.

The sample size calculation was executed using
the Raosoft® calculator, with a confidence level of
90 %, a margin of error of 10 %, a population size
of 714 and a response distribution assumption of
50 %. Consequently, the calculated sample size
was determined to be 62 subjects. Ultimately, 79
patients consented to participate in the study.

Inclusion criteria encompassed individuals aged
> 18 years, utilising metformin for a minimum of
one month and expressing voluntary willingness
to partake in the research. Conversely, exclusion
criteria encompassed individuals with a history
of gastrectomy or those currently supplementing
with vitamin B, .

Vitamin B1 ) assessment

Serum levels of vitamin B,, were quantified
through blood analysis and vitamin B, deficien-
cy was defined as follows: serum B, levels less
than 300 pg/mL were considered deficient, levels
between 200 and 300 pg/mL were categorised as
low-normal and levels equal to or exceeding 300

pg/mL were deemed normal.

There is no universally accepted “gold standard”
for the measurement of vitamin B,, deficiency, as
various methods exist for assessing serum vita-
min B, levels, each associated with specific nor-
mal values and research findings. A study demon-
strating reduced specificity reported that 60 % of
patients exhibited symptoms of vitamin B, defi-
ciency with B , levels inferior to 200 pg/mL and
90 % displayed symptoms when the level was
below 100 pg/mL.” Generally, serum vitamin B,,
levels can be interpreted as follows: levels great-
er than 300 pg/mL suggest that B,, deficiency is
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unlikely (probability of 1 %-5 %); levels between
200 and 300 pg/mL indicate a possible B, , defi-
ciency (probability of 5 %-15 %) and levels be-
low 200 pg/mL are consistent with B, deficiency
(specificity of 90 %-100 %).>1°

Results

The cohort comprised 79 patients with ages rang-
ing from 38 to 92 years, presenting a mean age of
67 * 8.26 years. Of the total, 51.9 % (41 patients)
were male.

Metformin doses and exposure time

The mean dose of metformin administered was
1642 = 701 mg/day and the median dose was
2000 mg/day. The dosage range varied from a
minimum of 500 mg/day to a maximum of 3000
mg/day. The doses were subsequently classified
into four groups, with a predominant proportion
of patients (50.6 %, n = 40) receiving metformin
doses exceeding 2000 mg per day (Table 1).

Table 1: Metformin doses and exposure time
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group was further categorised into distinct sub-
groups: B, levels > 200 and < 300 pg/mL: 22.8
% and B, < 200 pg/mL: 2.5 %. In addition, the
majority of patients (74.7 %) did not exhibit B,,
deficiency as anticipated. A sub-analysis was per-
formed, comparing the B,, deficiency group with
the non-deficiency group.

a) Non-deficiency group

The group with normal B, levels was composed
of 59 patients, representing 74.7 % of the total
population. The mean age in this group was 67.12
+ 8.3 years, mirroring the B, deficiency group.
The sex distribution was also similar, with fe-
males constituting 52.5 %. The mean B,, level
in this group was 466.61 * 153.46 pg/mL, with
a range from 303 to 962 pg/mL. This value de-
noted a mean difference of 212.06 pg/mL when

compared to the deficiency group.

In terms of metformin dosage, the mean dose
was 1643 * 753 mg, closely resembling the defi-
cit group (1655 mg). The majority of patients
in this group received doses equal to or greater
than 2000 mg (49.2 %), a very similar proportion
to the deficiency group (55.0 %). Other patients
were similarly distributed cross groups: < 1000
mg (18.6 %), = 1000 mg and < 1500 mg (16.9 %)

Metformin Mean (SD) and = 1500 mg and < 2000 mg (15.3 %). The min-
Dose (mg/day) 1,642 (701) imum dose observed was 500 mg.
<1000 177 (14)
10001500 16.5(13) Table 2: Characteristics of the vitamin B,, non-deficiency and
1500 — 2000 15.2 (12) deficiency groups
> 2000 50.6 (40)
Exposure time (years) 7.06 (1.18) Parameter Non-deficiency  Deficiency
<5 32.9 (26) group group
5-10 40.5 (32) N (%) 59 (74.7) 20 (25.3)
10-15 20.3 (16) Age (vears) 67.1 (8.3) 67.4 (9.5)
>15 6.3 (4) Sex
The mean duration of metformin use among the Female %2561 30.0(7)
participants was 7.06 years + 1.18 and a median Voan B Iev,ZIIZIG()pg/mL) 166 31'155;2:; 2546:'(2:3
dqra}tlon of 7 years. The du.ratlon ranged from a Vean d;izly metformin dose (g 253 20) 1655 (604)
minimum of 1 year to a maximum of 17 years. The 1000 1856 (1) 1500)
study population was further stratified into four 10001500 16.9(10) 1500)
temporal categories: < 5 years: 32.9 % (n = 26); 2 1500~ 2000 15.3(9) 150 (3)
5 and < 10 years: 40.5 % (n = 32); 2 10 and < 15 = 2000 49.2 (29) 55.0 (1)
years: 20.3 % (n = 16); = 15 years: 6.3 % (n = 4). Mean metformin exposure time 76(4.6) 5.3 (3.5)"
) . (years)
Vltamm B12 Ievels Metformin exposure time groups
The mean B,, levels observed were 412 + 162 pg/ (vears)
mL, ranging from a minimum of 166 pg/mL to <5 28.8 (17) 40.0(8)
a maximum of 962 pg/mL. Within the study co- 5-10 37.3(22) 55.0(11)
>15 33.9(20) 5.0 (1)

hort, 25.3 % (n = 20) of individuals exhibited B,
deficiency (B,, < 300 pg/mL) and this deficiency

The results are presented as mean (standard deviation); * T-test, p = 0.041;
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Regarding the duration of metformin use, the
mean time was 7.65 = 4.56 years. The predom-
inant duration in this group was between = 5
years and < 10 years, accounting for 37.3 %, fol-
lowed by the segment < 5 years (28.8 %) and >10
years (33.9 %).

b) Deficiency group

The deficiency group comprised 20 patients with
a mean age of 67.4 + 9.5 years. Within this group,
males constituted 65 % of the population. The
mean B, levels were 254.55 + 8.8 pg/mL, ranging
from a minimum of 166 to a maximum of 297 pg/
mL. The mean metformin dosage in this group
was 1655 * 604 mg/day. Among them, the major-
ity (55 %, n = 11) were prescribed doses exceed-
ing 2000 mg/day, with an even distribution (15
%) among the groups receiving less than 1000
mg, between 1000 and 1499 mg and between
1500 and 1999 mg. The minimum prescribed
dose was 500 mg/day.

The mean duration of metformin use for the B12
deficiency group was 5.33 + 3.45 years, demon-
strating statistical significance compared to the
non-deficiency group (t-test, p = 0.041). The tem-
poral distribution within this group was as fol-
lows: 40 % were within the < 5 years category,
55 % in the = 5 to < 10 years category and only 5
% exceeded 10 years. The duration range in the
deficiency group spanned from a minimum of 1
year to a maximum of 13 years.

Discussion

In presented study, a prevalence of vitamin B,,
deficiency of 25.3 % among patients with type 2
diabetes receiving metformin therapy was iden-
tified. This high prevalence underscores the im-
perative need to promptly address this deficien-
cy to alleviate potential symptoms and mitigate
overall health repercussions. The observed prev-
alence aligns with findings from other studies,
which report a range of B,, deficiency between 6
% and 30 %.

Kim et al identified a prevalence of 22.2 % in a
study involving 1111 patients, while Aroda et al,
in a prospective study with 1073 participants, re-
ported a prevalence of 19.1 % after 5 years and
20.3 % after 13 years of metformin usage.'®!* Ad-

Peixoto et al. Scr Med. 2024 Mar-Apr;55(2):181-6. M

ditionally, the National Health and Nutrition Ex-
amination Survey demonstrated that 41 % of B,
deficiency cases among individuals with diabetes
were attributable to metformin use.!? In a Korean
study, the prevalence of vitamin B,, deficit was
lower (9.5 %), emphasising the influence of popu-

lation differences as a potential bias.

Regarding the duration of metformin use, some
studies suggest a cutoff of 4 years for detect-
ing B, deficiency.” In presented study, patients
with B, deficiency were identified after just 1
year of metformin use. The mean duration under
metformin for the B, deficiency group was 5.33
years, consistent with previous data.

The dosage of metformin is also a significant con-
sideration in various studies. For instance, Kim
et al reported a decrease in vitamin B,, levels by
0.142 pg/mL with a 1 mg increase in metformin,
while Beulens et al found a decrease of 0.042 pg/
mL.1>* In presented study, doses as low as 500
mg per day were associated with B,, deficiency
and the majority of the deficiency group (55 %, n
= 11) had prescribed doses exceeding 2000 mg/
day, aligning with prior data.

In future studies, aim is to replicate these find-
ings on a multicentre or national level to enhance
the robustness of presented conclusions. Addi-
tional secondary outcomes, including folic acid
levels, homocysteine levels, and methylmalo-
nyl-CoA mutase, can also be explored to deepen
understanding of B , deficiency.

B,, deficiency presents with varied symptoms
that may mislead doctors and patients, as neu-
rologic symptoms (characterised by decreased
position and vibratory sensation in the extremi-
ties accompanied by mild to moderate weakness
and hyporeflexia, that may develop in a stock-
ing-glove distribution). It can mimic the diabetic
foot symptoms, leading to unnecessary therapy
and investigation. Other symptoms such as irri-
tability, depression, weight loss and poorly local-
ised abdominal pain may occur, leading to poor
quality of life.’

Correcting this disorder is simple, as various
B,, supplement formulations are available and
haematologic abnormalities are usually correct-
ed within 6 weeks. However, doctors should be
aware that neurologic symptoms may take much
longer and may even become irreversible if they

persist for months or years.'
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Conclusion

The significance of presented results, reveal-
ing a 25.3 % prevalence of B,, deficiency in
patients under metformin, emphasises the
importance of physician awareness and pro-
active management of this side effect to min-
imise possible symptoms of the patients that
may diminish their quality of life.
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Background/Aim: Catheter occlusion is the most common complication Citation:

occurring in patients with end-stage renal disease (ESRD) who undergo EafOUkhan' G' Om'? S.The C?mrfa”s?” ?r: Stfefto-
. . . . M Inase, an old agent, versus reteplase 1or the re-tun-

haemod|aly5|s. The management typically involves the use of local fibri nellisation of blocked cuffed haemodialysis cathe-

nolytic agents. However, with the emergence of novel agents, the use of ter. Scr Med. 2024 Mar-Apr;55(2):187-92.

older agents has declined. The purpose of the study was to compare the ]

effectiveness of reteplase versus streptokinase (SK) in resolving haemodi- §SL’§§'3’J$"9 author:

alySiS Catheterl OCC|USion" o o . ) E: dr.soheil.omid@gmail.com

Methods: This randomised clinical trial involved 100 patients with cathe- T: +98 9391 408738

ter occlusion who were equally divided into two groups of 50. One group
received treatment with reteplase, while the other group received treat-
ment with SK. The occluded catheter in the first group was instilled with
250,000 units (U) of SK, while the second group received 2 U of reteplase
and the catheters were left in place for 2-6 h. Successful flushing of the
catheter with a velocity of = 200 rounds per minute was considered suc-
cessful re-tunnelling. The study also evaluated the frequencies of re-injec-
tions and drug-related adverse effects.

Results: The success rate of SK versus reteplase did not differ signifi-
cantly (p = 0.48). However, the required time to inject the agents to achieve
appropriate luminal patency was statistically higher in the reteplase-treated
group (p = 0.018). None of the patients experienced major adverse effects
such as bleeding or anaphylactic reactions.

Conclusion: According to the findings of this study, both reteplase and
SK resulted in significant recovery of luminal patency with no adverse ef-
fects. However, the lower frequency of re-injections required with SK to
achieve successful rationalisation favoured the use of this agent over re-
teplase. Further studies are strongly recommended.
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Introduction

Central venous access devices (CVADs) refer to  often due to the development of a fibrin sleeve or
intravenous catheters placed within the central  plug at the catheter tip. In such cases, fibrinolytic
veins for temporary, semi-permanent, or perma-  agents are used to dissolve the clot and reopen
nent use, typically for haemodialysis in patients  the catheter.?

with end-stage renal disease (ESRD).! It is chal-

lenging for 30 % to 67 % of patients who experi-  Despite the availability of various thrombolytic
ence occlusion of their haemodialysis catheters, options such as alteplase, reteplase and tenect-

Copyright © 2024 Saroukhani and Omid. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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eplase for managing different thrombotic events,
these agents are expensive and not easily ac-
cessible, especially in low- to moderate-income
countries.® At present, alteplase is the preferred
fibrinolytic agent approved for treating occluded
central venous catheters.? However, research on
the use of other thrombolytic agents is ongoing.

Reteplase, a deletion mutant of recombinant tis-
sue plasminogen activator, can directly activate
plasminogen without complexing with plasmino-
gen.* Numerous studies in the literature have ex-
plored the use of 0.4 U reteplase per catheter port
for 30-60 min, resulting in successful resolution
of catheter dysfunction in approximately 85 % -
91 % of cases, with outcomes similar to those of
alteplase.®

Streptokinase (SK), the first introduced throm-
bolytic agent, was isolated from [-haemolytic
streptococci. Until 1990, it was used for catheter
clearance; however, its related complications,
such as anaphylaxis (0.1 %) and allergic reactions
(5-15 %), led to its limited use.® Over time, signif-
icant changes have been made in the molecular
structure, chemical properties and drug delivery
methods of SK, resulting in increased efficacy
and reduced immunogenicity and adverse effects
of this thrombolytic agent. Due to its low cost and
high availability, SK is favoured in developing
countries.’

The aim of the study was to investigate the ther-
apeutic outcomes of reteplase versus SK for re-
solving catheter occlusion.

Methods

The current single-blinded randomised clinical
trial was conducted on 100 patients admitted
due to haemodialysis catheter occlusion at Alz-
ahra Hospital, the tertiary medical centre affili-
ated with Isfahan University of Medical Sciences
during 2019.

Participants eligible for inclusion were over 18
years old, had ESRD, were undergoing haemo-
dialysis treatment, had catheters implanted for
over 30 days before occlusion and experienced
their first instance of catheter occlusion. Cathe-
ter occlusion was defined as difficulty in infusing
or withdrawing fluid from the catheter conduit

using a 20 mL syringe, or inability to initiate hae-
modialysis with adequate flow.?

Patients with a previous history of central venous
stenosis or thrombosis, any mechanical underly-
ing cause for catheter occlusion, hypersensitive
reactions to SK or reteplase, use of SK within the
previous six months for any reason, high risk of
bleeding (recent major surgery, intracranial or
spinal injury, active bleeding, aortic aneurysm)
lactating or pregnant were not included in the
study.

Patients meeting the study criteria were included
through convenience sampling until the desired
number of participants was achieved. They were
then assigned to two-member blocks and ran-
domly allocated to one of the intervention groups
using random allocation tables in Microsoft Ex-
cel. The patients were blinded to the medication
that was administered.

Intervention and outcomes

The patients were divided into two groups, with
50 patients receiving 250,000 units of SK (Vana
Darou Gostar, Iran) and 50 patients receiving 2
U of reteplase (Osve Pharmacy, Iran). The agents
were instilled into the catheter and the lumens
were not to be in contact with the agents for 6 h
after SK and 2 h after reteplase injections.

The primary outcome of the study was to assess
luminal patency and successful blood drawing
from the catheter into a 20 mL syringe, as well as
the possibility of appropriate haemodialysis at a
velocity of 2 200 rounds per minute.

The secondary outcome included the frequency
of thrombolytic use if the first injection did not
lead to successful catheter lumen opening.

Data collection and analysis

Additional data on age, gender, duration of ESRD
and the site of the embedded catheter were col-
lected from medical records. The collected data
were entered into the Statistical Package for
Social Sciences (version 22, IBM Corporation,
Armonk, NY, USA). Categorical statistics were
reported as absolute numbers and percentages,
while continuous variables were presented as
mean and standard deviation. The Chi-square
test or Fisher’s exact test were used to compare
categorical variables and the independent t-test
was utilised to compare continuous variables. A
p-value of less than 0.05 was considered to be
statistically significant.
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Results

In the current study, 100 patients in two equal
50-member groups were evaluated. The study
population had the mean age of 60.48 + 13.66
years (range: 19-89) and predominantly consist-
ed of females (58 %). The most prevalent chronic
medical diseases in the studied population were
hypertension (70 %), diabetes mellitus (67 %),
ischaemic heart disease (32 %) and hyperlipidae-
mia (23 %). Besides, the leading causes of ESRD in-
cluded diabetes mellitus (64 %), hypertension (17
%), urinary tract infection (10 %), unknown (5 %),
autoimmune disease (2 %) and cancer (2 %).

The studied patients were similar in terms of de-
mographic, medical and clinical characteristics

including age (p = 0.58), gender (p = 0.84), co-
morbidities (p > 0.05), the aetiology of ESRD (p >
0.05), duration of ESRD (p = 0.90) and the site of
implemented catheter (p = 0.50) (Table 1).

Table 2 shows the thrombolytic therapy related
outcomes. Accordingly, the success rate of SK
versus reteplase did not differ (p = 0.48). Howev-
er, the required times to inject the agents in or-
der to achieve appropriate luminal patency were
statistically higher in the reteplase treated group
(p = 0.018). None of the patients represented ma-
jor adverse effects of the medications, bleeding
and anaphylactic reaction.

Table 1: Demographic and clinical characteristics of the studied population

Streptokinase Reteplase
Variables treatment group  treatmentgroup  p-value
(n=50) (n =50)
Demographic characteristics
Age (year), mean + SD 59.7 £13.4 61.2+£13.9 0.580 *
Gender (male), n (%) 22 (44 %) 20 (40 %) 0.840 **
Comorbidities, n (%)
Hypertension 32 (64) 38 (76) 0.190 **
Diabetes mellitus 38(78) 29 (58) 0.056 **
Ischaemic heart disease 19 (38) 13 (26) 0.190 **
Hyperlipidaemia 12 (24) 11(22) 0.810 **
The aetiology of end-stage renal disease
Diabetes mellitus 34 (68) 30 (60) 0.400 **
Hypertension 10 (20) 7 (14) 0.420 **
Urinary tract infection 4(8) 6(12) 0.500 **
Autoimmune disease 0(0) 2 (4) 0.490 #
Cancer 0(0) 2 (4) 0.490 #
Unknown 2(4) 3(6) >99 #
Clinical characteristics
ESRD duration (months), mean + SD 28.0 £ 33.1 27.2 +33.9 0.90 *
Site of catheter, n (%)
Jugular 43 (86) 44 (88) 0.500 **
Femoral 7(14) 6(12)

* Independent t-test; **: Chi-square test; #: Fisher’s exact test; SD: standard deviation; ESRD: end-stage renal

disease;

Table 2: Streptokinase versus reteplase outcomes in the study population

. Streptokinase Reteplase
Variables treatment group treatment group p-value
(n=50) (n=50)

Successful luminal patency, n (%) 46 (92) 43 (86) 0.480**
Frequency of injections, mean + SD 11+0.33 1.34 +0.56 0.018*
Adverse effects, n (%)

Bleeding 0(0) 0(0)

Anaphylactic reaction 0(0) 0(0)

Independent t-test; **: Chi-square test; SD: standard deviation;
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Discussion

Thrombosis formation in catheter lumens leading
to their dysfunction is a common complication, ac-
counting for 37-62 % of ESRD patients undergo-
ing haemodialysis. Despite the high prevalence of
this condition, the management and the choice of
antithrombotic agents to dissolve the thrombosis
with the least potential adverse effects remain a
matter of debate. In presented study, aim was to
compare the outcomes of two agents, SK versus
reteplase. It was found that, despite both agents
achieving a similar success rate in restoring ap-
propriate haemodialysis through the patent lu-
mens and having negligible adverse effects, fewer
doses of SK were required to effectively dissolve
the thrombosis and restore the function of the
central venous catheter compared to reteplase.

In presented study, the use of reteplase to reopen
the catheter lumen accounted for an 86 % success
rate, similar to previous studies that reported a
success rate of 85-91 % with the use of alteplase
for occluded catheters. However, the specific pro-
tocols of these studies may have varied.” Most of
the studies in the literature applied a dwell time of
0.4 U of reteplase per catheter port for 30-60 min
and reported promising outcomes.’!! Additional-
ly, a study conducted by Hilleman and colleagues
compared high-dose reteplase (2-3 U) with low-
dose reteplase (0.5 U) and concluded that the
high dose led to significantly superior outcomes
than the low dose intervention (91 % versus 84
%).'? A systematic review on various thrombolytic
agents indicated that reteplase outperformed oth-
er agents in dissolving occluded catheters.!?

SK is the oldest plasminogen activator agent used
to restore function to occluded catheters. How-
ever, its associated complications, such as severe
bleeding events and allergic reactions, have dis-
couraged its routine use in this field.!* Recently,
innovations have been applied to the production
process of SK to improve its fibrinolytic charac-
teristics, such as genetic manipulations, chemical
modifications and domain fusions through the
production of chimeric and conjugated SK pro-
teins. These innovations, along with methods such
as liposomal entrapment of SK or encapsulation
in polyethylene glycol or chitosan nanoparticles,
have resulted in the new generation SK with low-
er immunogenicity and improved fibrin-specific
fibrinolytic properties.’

In this study, the dwell-lock technique of throm-
bolytic use, where the thrombolytic agent was in-
stilled into the lumen and left for some hours or
the procedure was repeated after an unsuccessful
attempt for the first time, was proposed to mini-
mise the potential adverse effects of using throm-
bolytic agents.'® This method was associated with
no complications after the injections in present-
ed study. Despite the emergence of more novel
agents, recent studies have rarely examined SK
in dissolving thrombosis. Tahir et al conducted a
study in Pakistan comparing SK with urokinase in
standard doses and reported successful outcomes
for both approaches; however, SK was relatively
superior with negligible complications.® Another
investigation by Wahaj et al compared high dose
(375,000 U) versus low dose (225,000 U) SK to re-
store the patency of a blocked tunnel cuffed cath-
eter. While both doses led to acceptable outcomes,
the higher dose significantly led to superior re-ca-
nalisation in the first injection, although the suc-
cess rate did not differ after the second injection.?®

Conclusion

( 1
Older thrombolytic agents, such as SK and re-

teplase, have shown promise in unblocking
haemodialysis catheters. The use of SK with a
dwelling-lock technique led to successful out-
comes with no complications and reteplase
also showed favourable results. Due to the low-
er cost and the less frequent requirement for
reinjection compared to reteplase, SK is pre-
ferred in this study. The conclusion suggests
the need for further investigations to increase
awareness and understanding of SK.
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Key words: Basal cell carcinoma; Skin; Clinical diagnosis; Dermoscopy. i Received: 14 August 2023
evision received: 16 February 2024

Accepted: 16 February 2024

Introduction

Basal cell carcinoma (BCC) of the skin is the most 75 % of all skin cancers). At the same time, it is
common skin cancer (with an incidence of about  the most common cancer in the human popula-
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tion. The most common clinical forms of basal cell
carcinoma are superficial spreading and nodular
basal cell carcinoma.! There is consensus regard-
ing the impact of skin damage from UV sunlight
on the increased incidence of BCC. That is a rea-
sonable explanation for why the incidence of BCC
is particularly high in those parts of the world
where increased UV radiation prevails. There are
studies that show that the initial damage to the
skin from increased UV radiation, which occurred
up to the age of 20, with chronic exposure to UV
radiation, is a significant risk factor in the devel-
opment of BCC. At the same time, if the first skin
damage from increased UV radiation occurred
before the age of ten, the risk of developing BCC
skin is relatively higher. There is an evident trend
of increasing incidence of BCC in an ever younger
population. In addition, there is a clear increased
risk of BCC in people with a positive personal or
family history of BCC.1"?

Methods

This study was a prospective, multicentre study
performed in the period from March 2017 to
February 2022. A total of 69 respondents with
BCC were analysed. Respondents applied for a
targeted examination to examine a suspicious
skin lesion (due to certain symptoms) or were
diagnosed with BCC by accident, when examining
other skin changes. Respondents were divided
into 2 groups. The first, Group I (35 respondents),
consisted of respondents with nodular BCC. The
second, Group II (34 respondents), consisted of
respondents with the superficial spreading BCC.
Initially, a careful personal and family history,
risk factors for malignant skin tumours and data
on the characteristics, shape and character of the
tumour were taken from all respondents, followed
by the data that include the characteristics, forms
and character of the tumour. Data on all (even the
smallest) initial symptoms and relevant signs of
evolution, as well as subjective problems related
to the tumour were noted. All respondents
underwent dermoscopy of suspected skin
changes. The observed parameters were both
gender and age of the respondents and the
anatomical position of the skin BCC.

Data was analysed on IBM SPSS 18.0 software.
Normality of data was analysed by Kolmogorov-
Smirnov test. Based on the results of test,
appropriate parametric/non-parametric test
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were used. A level of statistical significance was
setatp < 0.05.

Results

The study included 69 subjects, 35 with basal
cell carcinoma of the nodular type and 34 with
superficial spreading BCC. In Group [ there were
22 (62.8 %) women and 13 (37.2 %) men, while
in Group II there were 14 (41.1 %) women and
20 (589 %) men. The age of the respondents
was from 41 to 90 years and the largest number
was between the ages of 71 and 80. The most
frequently affected skin region was on the face
in both groups of subjects and nodular BCC was
most common on the face and back, as shown in
Table 1.

Table 1: General characteristics of the respondents and anatomi-
cal localisation of basal cell carcinoma

Variables All patients Group | Group Il

Number of 69 (100.00) 35(100.00) 34 (100.00)

respondents, N (%)

Gender, N (%)
Male 27 (39.10) 13 (37.20) 14 (41.10)
Female 42 (60.90) 22 (62.80) 20 (58.90)

Age (years)
41-50 4 (11.40) 5(14.70) 9(13.10)
51-60 5(14.30) 5(14.70) 10 (14.50)
61-70 11 (31.40) 10 (29.40) 21 (30.40)
71-80 13 (37.20) 12 (35.30) 25 (36.20)
81-90 2( 5.70) 2( 5.90) 4( 5.80)

Anatomical region

of BCC (N, %)
Head 8 (11.60) 8 (22.90) 0(0.00)
Face 30 (43.40) 26 (74.30) 4(11.80)
Neck 1( 1.45) 1( 2.80) 0(0.00)
Chest 9 (13.10) 0( 0.00) 9 (26.90)
Back 16 (23.20) 0( 0.00) 16 (47.10)
Abdomen 2( 2.90) 0( 0.00) 2(5.90)
Upper extremity 1( 1.45) 0( 0.00) 1(2.90)
Hand 0( 0.00) 0( 0.00) 0(0.00)
Lower extremity 1( 1.45) 0( 0.00) 1(2.90)
Foot 1( 1.45) 0( 0.00) 1(2.90)

N (%) — number (percentage), BCC - basal cell carcinoma; Group | consisted
of respondents with nodular BCC; Group Il consisted of respondents with the
superficial spreading BCC;

Clinical characteristics and associated signs are
shown in Table 2. Diameter over 5 mm, rapid tu-
mour growth, tumour bleeding, scrab formation
flaking, itching, burning, pain and injury were
monitored.
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Table 2: Distribution of basal cells carcinomas (BCC) according to clinical characteristics
and associated signs

Observed

parameters YesGIroup o \(esGroup e SR
Diameter > 5 mm 7(20.0) 28( 80.0) 16 (471) 18( 52.9) 0.017
Rapid growth 0( 0.00 35(100.0) 0( 0.0 4 (100.0)

Bleeding 29 (82.8) 6(17.2) 8(23.5) 6( 76.5) < 0.001
Scrab formation 29 (82.8) 6(17.2) 8(23.5) 6( 76.5) < 0.001
Flaking 5(14.2)  30(85.8) 22 (64.7) 2( 35.3) < 0.001
Itch 25(71.4) 10 (28.6) 29 (85.3) 5(14.7)

Burning sensation 7(20.00 28(80.0) 29 (85.3) 5(14.7) <0.001
Twinge sensation 14 (40.0)  21(60.0) 20(58.8) 14( 41.2)

Pain 2(57) 33943 1(29 33(971)

Injury 25 (71.4) 10 (28.6) 8(23.5) 26(76.5) < 0.001

Values are presented as N (%) — number (percentage); * t-test of independent samples; Group | consisted of

respondents with nodular BCC; Group Il consisted of respondents with the superficial spreading BCC;

Bleeding and appearance of crusts (Student t test;
df =62, p <0.01) was higher in patients with nodu-
lar BCC. Injuries were more often in patients with
nodular BCC (df = 67, p = 0.017). BCC was more of-
ten over 5 mm in patients with superficial spread-
ing BCC. Peeling and burning sensations were
more often in patients with the superficial spread-
ing BCC (p < 0.01 and p < 0.01, respectively).

Discussion

There are various data on the more frequent
incidence of BCC in the female or male population.
Namely, there are some reports that BCC is more
common in male, but also that BCC is more
common in women, too.! The distribution of
presented respondents by gender showed that
BCC was more often diagnosed in females, ie in 42
of them (60 %). In general, BCC is more common
in people aged 50-70, but there is a visible
trend that younger people are also becoming
more affected.r” During analysis, the youngest
respondent was 40 years old. The youngest
female was also 40 years old.

BCC of the skin is more often diagnosed on the
face, head, back and pectoral region. Of course,
this is not the rule, as it is known that BCC can
occur in any anatomical region. The superficial
spreading BCC predominantly occurs on the body
and back. At the same time, predilection sites for
nodular BCC predominantly represent the face
and head.!® There are available reports presenting
that the formation of skin BCC tumour foci is
associated with immature hair follicle envelope
cells.!* BCC skin formation in anatomical regions

covered with hair supports this thesis. Presented
research is in terms of the distribution of BCC by
anatomical regions in accordance with similar
data from the literature.

On the other hand, there is evidence that the
formation of BCC of skin is correlated with
defects at the level of the sonic hedgehog gene
(SHH gene). This thesis is supported by the fact
that BCC (true rarely) can also appear as acral
BCC of the skin, on the palms or soles and then on
the mucous membranes. This favours the thesis
of SHH gene abnormalities, because then BCCs do
not correlate with hair follicles.!?

During this research, no BCC was recorded on
the acral regions or mucous membranes. Nodular
BCC is initially most often diagnosed in the form
of a discrete nodule. It is more often described
as “mother-of-pearl”, almost shiny and small
telangiectasias can be seen on it, which is one
of the important characteristics of this tumour.
Progression is accompanied by small erosions,
bleeding and the formation of irritable scabs.
After some time, a central ulceration is formed,
which is preceded by vascular dilatation. Also,
BCC is observed with discrete or quite clear
pigmentation. Unpigmented nodular BCCs of the
skin are very rare. Tumour progression can take
years.:*

The superficial spreading BCC is also a common
skin tumour. This form of BCC can only be
diagnosed as a discrete erythematous spot or
a vague scaly change. Over time, it expands
marginally, forming a rampant edge. Sometimes
minor erosions and discrete transient bleeding
occur. This form of BCC can also be found in
younger people.t*
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Presented research, which focused on the early
specifics and symptoms of BCC, showed several
important discrete symptoms leading to the
formation of a very obvious focus of BCC. Namely,
it has been shown that BCC can initially look so
uncharacteristic thatittoo often causes almost no
patient attention. In contrast, in a larger number
of respondents, in both study groups, BCC was
identified with a trivial pimple or other harmless
change in the skin.

It has been noticed that careful skin inspection
with a careful anamnesis can be of great
importance for timely suspicion and early
detection of BCC foci. This research has shown
that the tendency to bleed and / or scab formation
of the initial tumour focus is one of the first highly
suspicious symptoms. It turned out that the
majority of Group Irespondents (29 or 82.8 %) had
“unexplained” bleeding in the zone of “harmless,
trivial” changes in the skin, which did not deserve
the attention of the respondents. However, it was
noticed that many respondents rationalised this
symptom and diminished its significance. In fact,
respondents often associated this significant
symptom (diagnosed in both groups in a total
of 37, ie 53 % of cases) with previous injuries
(which were understood as the cause). Previous
injuries were often described by respondents
in almost bizarre circumstances, denying that
bleeding from the skin change is the result of a
possible disease. At the same time, irritation
and injury of formed, analysed skin lesions in
Group I (observed in 25 or 71.4 % of them) were
significantly more common compared to subjects
in Group II. This can be explained by the nodular
form of the tumour itself.

On the other hand, symptom such as flaking
and burning sensation were significantly more
frequently reported from Group II respondents.
Group II respondents, who described the BCC
lesion as a “harmless red spot” after noticing it,
were more likely to report flaking in the area of
BCC.

Presented analysis showed that BCC at first
glance, macroscopically, may indeed look quite
harmless and uncharacteristic, but with a precise
examination that includes dermoscopy, the BCC
tumour focus can be detected at the earliest
stage, when it is only a few mm in diameter.
Neglected forms can be much larger and of course
do not present a diagnostic challenge. During this
analysis in Group [, BCC foci were diagnosed in
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diameters that were more often up to 5 mm in
diameter. On the contrary, in Group II, BCC lesions
were more often diagnosed in diameter over 5
mm. Thereason for thisis probably the anatomical
distribution of the superficial spreading BCC,
as well as the inconspicuous appearance of this
form of BCC in the initial phase.

Both groups (without statistical difference) had
a frequent itching sensation in the lesion area.
Itching was reported in a total of 54 (78 %)
respondents. Attempts to eliminate itching with
light scratching resulted in petechiae short
term bleeding. Several respondents from Group
IT noticed traces of blood on their clothes after
lightly scratching the BCC lesion during the
night, so that was the motive for coming for the
examination.

In all cases of BCC, when tumour is detected and
removed in a timely manner, the treatment has
a very good prognosis. On the other hand, when
BCC skin is not recognised in time and the patient
is not adequately treated BCC skin easily becomes
a big problem. At the same time, frustration with
the treatment of BCC patients is the knowledge
that, despite proper treatment in a significant
number of patients (30-50 %) BCC of skin may
reappear.! Due to this nature of the disease, BCC
can be described as a low or high risk tumour.
This assessment is based on the characteristics
of each BCC which include: tumour size and type,
anatomical position, tumourborderline condition,
growth factor and histopathological character,
principle of treatment from previous BCC as well
as possible existence of immunosuppression.
Otherwise, BCC skin can be very slow and last for

years but also it can be locally very aggressive."
13-16

Presented analysis showed that both analysed
types of BCC of the skin can be diagnosed at the
earliest stage, provided that early manifesta-
tions and symptoms are recognised, which of-
ten act extremely discreetly. This means that the
treatment undertaken in such an early phase of
tumour detection offers the possibility of time-
ly, optimal treatment and allows local removal
of the tumour in its entirety without functional,
aesthetic and mental comorbidity.

In all cases of discrete skin changes of a
macroscopically debatable nature, dermoscopy
is available today. It is a non-invasive, in vivo
microscopy of skin changes, very effective and
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welcome for early detection of BCC. Dermoscopy is
primarily intended for the analysis and diagnosis
of pigmented skin changes and melanoma.
Dermoscopy visualises details, in suspicious skin
lesions, that are macroscopically inaccessible.
Dermoscopic examination is a highly reliable
diagnostic method for BCC.17-2¢

This research confirmed the importance and reli-
ability of dermoscopy because it was shown that
it was in full correlation with the pathohistologi-
cal findings of the analysed respondents. Several
of respondents applied antibiotics to the initial
BCC outbreak on their own initiative, which par-
tially masked the lesions and made the diagnosis
more difficult. This is a detail that should be con-
sidered in anamnestic interview in patients with
suspected BCC lesions.

Conclusion

Early clinical diagnosis of BCC is possible with
a tumour diameter of only a few mm. The pre-
dominant initial (highly susceptible) symp-
toms of nodular BCC were initial bleeding and
/ or scab formation on the lesions, as well as
propensity to injury. The superficial spread-
ing form of BCC was often larger than 5 mm
in diameter, with more frequent scaling of the
lesion, as well as burning and stinging sensa-
tions in the tumour area. Itching was observed
to be a very common previous occurrence in
the BCC initial focus zone in subjects of both
study groups. Dermsocopy is a highly reliable

diagnostic method for early detection of BCC.
- J
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Introduction

Chronic disease conditions are health hazards, of variations in use within the professional com-
which are long-lasting and persistent in their = munity because the Center for Disease Control
effects on diverse body functions. Such a termi- classifies heart disease, stroke, cancer, diabetes
nology for chronic diseases has a large degree  and obesity as chronic diseases, whereas Centers
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for Medicare and Medicaid Services have a more
extensive list of chronic diseases including neu-
rodegenerative diseases. These differences have
created a great deal of confusion in estimating the
impact of chronic diseases, the cost of these dis-
orders and interventional measures for reducing
these health hazards.! It needs to be emphasised
that chronic disease conditions are different from
acute disease conditions as these affect multiple
organs of the body and are not be fully responsive
to various medications and treatments.? Chronic
diseases require ongoing medical attention and
limit daily life activities like social interaction,
personal movements, eating or sleeping.®> Some
of the major examples of chronic diseases include
arthritis, diabetes, hypertension, autoimmune
diseases and acquired immunodeficiency syn-
drome, in addition to cardiac diseases, cancer and
neurodegenerative disorders.

Chronic diseases are the leading cause of mor-
tality worldwide and their occurrence is not con-
fined to any particular social or religious class as
well as any geographical region.* In fact, chronic
diseases are generally considered to be the con-
sequence of poor nutrition with modern foods. It
may be noted that modern foods are high in cal-
ories, fats and salt but low in fibres® as compared
to traditional foods, which are rich in micronu-
trients, macronutrients, carotenoids, fibres, vi-
tamins and minerals.® The methods of preparing,
processing and preserving modern foods are also
considered to produce more toxic ingredients
such as advanced glycation end products (AGEs)
and reactive oxygen species (ROS) in comparison
to the traditional procedures.”® Other reasons in-
clude a sedentary lifestyle, excessive use of alco-
hol and tobacco, socioeconomic stress, genetics,
race, ethnicity and religious habits.” ' The aging
population suffering from multiple chronic con-
ditions is adding to the existing burden on health-
care services all over the world."

In view of the poor quality of life of patients with
chronic diseases, it is crucial that special atten-
tion be paid to formulate some appropriate strat-
egies to deal with this devastating health prob-
lem. Particularly, it is noteworthy that the rate of
chronic diseases is becoming high due to aging
population and most of these patients are more
resistant to the existing pharmacotherapy. Thus,
there is an urgent need not only to understand
the pathogenesis of diverse chronic diseases but
also to develop novel drugs for their treatment in
aging population. It will also be prudent to con-

Tiwana et al. Scr Med. 2024 Mar-Apr;55(2):199-217.

sider some alternative procedures and interven-
tions such as nutritional and lifestyle modifying
approaches for the purpose of preventive med-
icine. The present article is, therefore, intended
to review the existing information regarding
some of the chronic diseases namely, cardiovas-
cular and neurodegenerative diseases as well as
some types of cancer, which are major causes of
mortality. Although the pathogenesis and mod-
ification factors for the development of chronic
diseases are different from each other, the role of
a few pathogenic mechanisms will be described
to evaluate if there is any commonality for the
occurrence of these health hazards. Some dis-
cussion will also centre around the effectiveness
of newer pharmacotherapy for the treatment of
each disease in addition to assessing the benefi-
cial effects of some nutritional and lifestyle ap-
proaches.

Role of oxidative stress and
inflammation in chronic diseases

a. Sources of ROS production

The production of ROS occurs due to leaking elec-
trons from the mitochondrial electron transport
chain during the metabolic process of energy pro-
duction. The free oxyradicals thus formed react
with other mitochondrial proteins to produce
more ROS such as superoxide radicals, hydroxyl
radicals and hydrogen peroxide.® ROS are also
generated by the activation of NADPH oxidases,'?
which play important roles in many degenerative
diseases. The excessive production of ROS leads
to oxidative stress in the body."*** The sources of
ROS can be exogenous such as UV radiation; pol-
lutants including paraquats, quinones, phenols;
carcinogens and many chemotherapeutic drugs.
In addition, ROS can also be produced endoge-
nously in the body by intracellular enzymes like
flavoenzyme ERO1 in the endoplasmic reticulum,
cytochrome p450 enzyme, lipoxygenases and ni-
tric oxide (NO) synthase. These molecular targets
are considered suitable for the development of
interventions for disease prevention.!® The acti-
vation of NO synthase leads to excessive produc-
tion of NO, which reacts with superoxide radicals
to form peroxynitrite for inducing nitrosative
stress.!® This pathogenic factor damages cells by
oxidising free thiols and nitrating tyrosine res-
idues leading to cardiovascular disease.'” The
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Figure 1: Various sources for the gen-
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intracellular production of ROS in mitochondria
occurs through enzymes like dihydroorotate de-
hydrogenase, glycerophosphate dehydrogenase,
NADPH oxidase, monoamine oxidase, xanthine
oxidase as well as Complex 1 and 3 of the electron
transport chain.’ There is also existing evidence
that mitochondria have evolved as an antioxidant
system which prevents these organelles from ox-
idative damage due to both internal and external
ROS with the help of enzymes like superoxide
dismutase and glutathione peroxidase.!> 1 The
mitochondrial antioxidant system allows only a
small part of the endogenously produced ROS in
mitochondria to escape from there to limit the
production of oxidative stress in the cell.® The
production of ROS from various sources is shown
in Figure 1.

Moderate levels of ROS and NO have been ob-
served to activate the intracellular signalling
reactions for beneficial effects.’*'> ROS are in-
volved in ovulation?® and T cell-mediated immu-
nity in the body?! whereas NO has been demon-
strated to regulate cardiovascular and neuronal
functions in addition to involvement in apoptosis
and cell necrosis.?? ROS have also been shown to
oxidise cholesterol, proteins, carbohydrates and
vitamins leading to the production of toxic and
mutagenic compounds such as AGEs which are
responsible for many diseases.!> 2> 2* AGEs also
undergo oxidation and dehydration to cause an
increase in oxidative stress for the induction of
chronic diseases.?? AGEs are exogenously formed
in heat-processed foods?® as well as endogenous-

ly formed by high amounts of sugars in the body,
mostly fructose.?® The carbohydrates-rich foods,
as well as fish, legumes, vegetables, fruits and
whole grains have been observed to contain low-
er levels of AGEs as compared to processed foods
with high fat that lead to increased plasma cera-
mide levels.?¢ The preparation of food at high tem-
peratures for a longer period of time also leads
to the production of a higher amount of AGEs as
compared to other methods such as steaming
and boiling.?® It is pointed out that breakdown of
homeostasis for metal ions, which are a part of
many active sites in proteins has been reported
to cause the production of uncontrolled amounts
of AGEs in the body.?”

b. Role of inflammation

It is now well known that chronic diseases are
also caused by inflammation, which is an im-
mune response of the body against foreign patho-
gens by the host cells. One of the main causes of
inflammation is the activation of macrophages
and cells like polymorphonuclear neutrophils
(PMNs) that are involved in the cellular defenc-
es of the host. These also lead to the production
of pro-inflammatory mediators for further in-
creasing inflammation and oxidative stress by
the formation of more ROS and reactive nitrogen
species (RNS).!* ROS are produced to clear the
body of pathogens by causing an increase in in-
flammation but may also cause tissue injury to
the host cell and an increase in the production
of RNS to result in DNA damage and formation
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of AGEs causing dysfunction in cellular process-
es and leading to death of cells by apoptosis and
necrosis.?® Inflammatory cytokines cause activa-
tion of myeloperoxidase and NO synthase which
also increase the nitrosative stress.!’® The dietary
AGEs have been observed to be related to the
levels of C-reactive protein and serum AGEs and
these have been suggested to be responsible for
inflammatory reactions during the development
of several chronic diseases.?” Some of the adverse
effects of excessive amount of ROS are shown in
Figure 2.

Excessive levels of NO have been shown to re-
sult in septic shock and cytotoxicity induced
by activated macrophages in different chronic
diseases.?’3? Activated macrophages in the in-
flamed area are also known to produce ROS and
tissue damage due to elevated levels of oxidative
stress.* Increased oxidative stress and inflam-
mation have also been shown to be related to
various human diseases like diabetes mellitus,
neurodegenerative diseases, cancer, rheumatoid
arthritis, cataracts, cardiovascular diseases, re-
spiratory diseases and aging.3* Mitochondrial-de-
rived ROS have beenreported to be involved in the
production of proinflammatory cytokines as well
as in the regulation of inflammasome which ac-
tivates inflammatory caspases in macrophages.??
Different diseases also result from disrupted
homeostasis of metals such as copper and iron
which promote the formation of RNS and ROS.
These metals are also responsible for lipid perox-

idation leading to the development of cancer and
neurodegenerative diseases.* The regulation of
glutathione both in reduced (GSH) and oxidised
(GSSQG) forms, is one of the most important an-
tioxidant systems which, when compromised in
the presence of excess ROS and RNS, result in an
increase in disease conditions and symptoms.!#
36 Mitochondrial dysfunction has been shown to
occur upon the generation of high levels of both
oxidative stress and inflammation leading to mi-
tosis and mitophagy.!® Although it is difficult to
indicate the cause-effect relationship between
the development of oxidative stress and inflam-
mation, it is evident that both these pathogenic
processes are intimately involved in the genesis
of several chronic diseases.

Role of oxidative stress in
cardiovascular diseases

Cardiovascular diseases include many health
disorders and syndromes such as angina, myo-
cardial infarction, stroke, heart failure, arrhyth-
mias, congenital heart disease, myocarditis and
valvular heart disease.?® 3’ Various factors are
considered as the reasons for the onset of cardio-
vascular diseases, some of these include smok-
ing, diabetes, high blood pressure, sedentary life-
style, obesity, high- calorie foods, poor nutrition
and high cholesterol levels.?¢%° Collectively, car-
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diovascular ailments are the number one cause of
global deaths as an estimated 17.9 million deaths
occurred in 2019.% Cardiovascular diseases are
also the second leading cause of death in Cana-
da.*® Globally, 32 % of mortality is accounted for
by cardiovascular diseases and the rate of spread
is expected to increase due to high risk factors in
low-income countries.?**! It is noteworthy that
some studies have shown that an increase in oxi-
dative stressis a causative factor for programmed
and unprogrammed cell death of cardiomyocytes
as well as molecular and cellular changes in the
heart. Oxidative stress has also been associated
with abnormalities related to calcium handling
in cardiomyocytes and the loss of sensitivity of
myofilaments to calcium. Nitrosative stress due
to activation of NO synthase is one of the major
causes of endothelial dysfunction seen in cardi-
ac diseases. Palmitoyl carnitine oxidation which
occurs due to increased fatty acid uptake by the
myocardial tissue also results in increased ROS
production and structural changes in mitochon-
dria of cardiac cells.’® Thus, it appears that high
mortality due to cardiovascular disease may be
related to increased levels of both oxidative and
nitrosative stress in the body.

a. Production of oxidative stress in
the heart

Mineralocorticoid receptors (MR) are cortico-
steroid receptors, the overactivation of which
has been observed in many cardiovascular dis-
eases.*”* The activation of these receptors oc-
curs through the stimulation of Racl GTPase by
increased oxidative stress in a ligand-indepen-
dent manner. The activation of Racl induces an
increase in the transcription of MR and develop-
ment of cardiac dysfunction. Furthermore, the
activation of Racl leads to increased transloca-
tion of MR causing accumulation of MR inside
the nucleus.*” *¢ The activated MR then recruit
NADPH oxidase (NOX), which increases the pro-
duction of ROS to cause cardiac dysfunction.*® %
This process also produces DNA damage in the
pressure-overloaded heart and is considered to
be one of the major sources of increased oxidative
stress in the failing heart.!>*” Increased produc-
tion of ROS through the activation of Rac1 in car-
diomyocytes forms a feed-forward loop, causing
cardiomyocyte damage.”® In addition, oxidative
stress alters nuclear MR translocation through
which MR signal transduction is activated to in-
crease oxidative stress.*"*>*8 It should be noted
that the family of NOX enzymes, which are trans-
membrane proteins, play very important roles
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in the development of oxidative stress. Acute
myocardial infarction and reperfusion injury are
associated with activation of phagocytic NO syn-
thase which also results in an increase in ROS.'°
The ROS thus formed act on various targets like
protein tyrosine kinases, protein kinase C, pro-
tein tyrosine phosphatases, calcium channels as
well as MAP kinases and transcription factors to
produce a wide variety of cardiovascular abnor-
malities.'” These ROS specific redox signals have
been shown to cause cell death and apoptosis in
cardiovascular diseases.*’

Angiotensin II, catecholamines and the pro-in-
flammatory cytokine, TNF-a, have been reported
to produce abnormal stimulation of nonphago-
cytic NO synthase, which can lead to collagen
deposition, fibrosis and heart failure.’® The acti-
vation of guanine protein- coupled angiotensin
receptors (AT,R) by angiotensin II also leads to
the transactivation of endothelium growth fac-
tor (EGF) receptors through R0S.* When angio-
tensin II binds the AT,R, it causes the receptor to
get into the lipid raft and results in the forma-
tion of ROS from a complex involving Racl. The
increased ROS then promote phosphorylation of
tyrosine residues of the EGF receptor in a calci-
um-dependent manner.>® This phosphorylated
EGF receptor acts as a scaffold for other signal
molecules and forms a signalling platform, which
activates extracellular signal-regulated kinase
1/2 (ERK1/2) as well as Akt, and leads to vascu-
lar hypertrophy.'” *> 3! Such a change results in
the assembly of downstream signalling complex-
es, which also leads to vascular hypertrophy and
hypertension.** %53 Angiotensin Il generates ROS
by activating various signalling pathways associ-
ated with phospholipase C, phospholipase D and
phospholipase A2. Activation of phospholipase
A2 releases arachidonic acid which results in
the production of ROS. When phospholipase C is
activated, it leads to the hydrolysis of phosphati-
dylinositol 4,5-bisphosphate to inositol 1,4,5-tri-
phosphate (IP3) and diacylglycerol (DAG).>* The
formation of IP3 triggers the IP3-Ca? release
pathway whereas DAG activates protein kinase C
(PKC), both of which produce an increase in ROS
by activating the NADPH oxidase complexes.>°
Oxidative stress has been demonstrated to cause
more angiotensin II to bind to AT,R and more
intense intracellular accumulation of IP3 due to
higher levels of activation of the phospholipase
C pathway. Oxidative stress also increases AT R
and sodium-hydrogen exchanger 3 in proximal
tubular cells. Thus, oxidative stress makes phos-
pholipase C more sensitive to angiotensin II ef-
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fects and increases sodium retention in the body
to elevate the blood pressure. Because there is an
increase in the expression of AT R by angioten-
sin I, it has been suggested that the presence of a
positive feedback loop for this hormone may also
increase the blood pressure further.>

Angiotensin Il has been observed to cause dele-
tion in mitochondrial DNA and induce cardio-
myocyte autophagy. High levels of circulating
angiotensin II for a long time produce calcium
overload in mitochondria, decrease mitochondri-
al function and increase oxidative stress.!® It may
be noted that monoamine oxidase in mitochon-
dria is also a major source of ROS production and
leads to the degradation of neurotransmitters
like norepinephrine, dopamine, epinephrine and
serotonin. Some heart diseases are associated
with increased plasma levels of serotonin and cat-
echolamines, which may be degraded by mono-
amine oxidase to increase the production of ROS
and worsening the heart disease.’® The vascular
layers of the cell like endothelium and adventitia
also produce ROS and thus play an important role
in regulating vascular tone and inflammation.
These ROS act as mediators and regulators of vas-
cular functions'”5%¢ and when present in excess,
these can lead to vascular cell damage, necrosis
and apoptosis by directly oxidising the structural
molecules.!”>¢

b. Cardiac effects of oxidative stress

Both oxidative and nitrosative stress have been
reported to produce calcium handling defects in
subcellular organelles like mitochondria, sarco-
plasmic reticulum and sarcolemma. In various
cardiovascular diseases,'® several changes are
seen in the diseased myocardium which are as-
sociated with oxidative stress and these include
elevated levels of inflammatory cytokines as well
as reduction in antioxidant enzyme activities and
the function of non-enzymatic anti-oxidant sys-
tems. The increased oxidative stress then leads
to subcellular defects and cardiac dysfunctions
through various downstream mechanisms such
as lipid peroxidation, proteases activation, myo-
cardial inflammation, inactivation of functional
groups, alterations in gene expressions, changes
in contractile proteins and mitochondrial calci-
um overload.’> Oxidative stress causes changes
in the sarcolemma and sarcoplasmic reticulum
and induces intracellular calcium overload in
cardiomyocytes. It also reduces the activities of
Na*-K* ATPase and Na*-Ca®* exchange systems
to further increase the intracellular calcium. In
addition, oxidative stress induces changes in the
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ryanodine receptors (RyR1), in the sarcoplasmic
reticulum and makes them leaky for releasing
calcium into the cell and producing downstream
muscle damage.*” Prolonged oxidative stress and
calcium handling abnormalities produce a loss of
calcium sensitivity to myofibrillar ATPase which
may cause myofibril degeneration and derange-
ments. Functioning of mitochondria is impaired
due to calcium overload whereas oxidative stress
induces an increase in mitochondrial ATPase
inhibitory factor 1 which worsens the calcium
handling.’” Calcium handling abnormality by the
sarcoplasmic reticulum due to oxidative stress
has been reported to result in the development of
arrhythmias.’

It is noteworthy that heart failure is the most
prevalent chronic cardiovascular disease which
is associated with retention of fluid in the body,
peripheral oedema and pulmonary congestion.*®
There are several underlying causes for heart
failure and some of these include myocardial in-
farction, hypertension, cardiomyopathy and val-
vular heart disease. All these conditions induce
structural changes in the heart and lead to im-
pairment of its pumping ability.>® > Blockade of
coronary arteries results in reduced blood flow
to some areas of the heart leading to cell death
and causing myocardial infarction. Although the
degree of heart failure due to myocardial infarc-
tion is dependent on infarct size, some other fac-
tors such as immune activation, inflammation,
oxidative stress, changes in mitochondrial bio-
energetics and autophagy are considered to be
involved in the progression from cardiac hyper-
trophy to heart failure.®*-%? It is generally believed
that an increase in ventricular wall tension as
well as oxidative stress lead to cardiac remodel-
ling and subsequent heart failure.®® Various va-
soactive hormones, which are released into cir-
culation upon the blockade of coronary arteries
also constrict small vessels in the hypertrophied
heart and produce hypoxia for the development
of oxidative stress.®* It is also pointed out that
cell death in myocardial infarction is caused by
many defects including apoptosis, necrosis, py-
roptosis and ferroptosis.®® These pathways are
interrelated but are induced through various fac-
tors such as oxidative stress and inflammation.
Oxidative stress is considered to play a major
role in the pathogenesis of ferroptosis whereas
pyroptosis is mainly an inflammation-mediat-
ed cell death.®® % Both these pathways of cellu-
lar damage involve canonical signalling which
is associated with plasma membrane rupture
and non-canonical signalling, which is related to
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changes in mitochondria or sarcoplasmic reticu-
lum. Oxidative stress has also been observed to
mediate insulin resistance through the necro-
ptotic pathway and causes atherosclerotic dam-
age. Some studies have shown that reduction in
ROS led to a reduction of oxidative damage and
necroptotic cardiomyocyte loss.®® It is pointed
out that hypertrophied hearts have an increased
amount of antioxidants, but these are not enough
to balance the amount of oxyradicals produced in
the hypertrophied heart.®* ROS oxidise cysteine
thiols causing conformational changes that lead
to increased release of calcium from the sarco-
plasmic reticulum, thus reducing the amount of
calcium present inside the sarcoplasmic retic-
ulum; this is responsible for the dysfunctioning
of excitation-contraction coupling in cardiomyo-
cytes.'” %¢ Increased oxidative stress and calcium
handling abnormalities in cardiomyocytes of the
failing heart due to myocardial infarction modify
myosin gene expression, decrease ATPase activ-
ity of myofibrils and impair the cardiac contrac-
tile force development.

Alterations in signalling pathways due to acti-
vation of the sympathetic nervous system and
renin-angiotensin- aldosterone systems are re-
sponsible for the progression of heart failure.>®
Plasma levels of vasoactive hormones such as
catecholamines and angiotensin II are increased
in pathological conditions and these hormones
increase the cardiac muscle mass and produce
cardiac hypertrophy for decreasing the ventric-
ular wall tension. However, prolonged exposure
of the hypertrophied heart to these vasoactive
hormones has been shown to produce calcium
handling abnormalities and other subcellular
defects for the induction of heart failure.®* ROS
are also responsible for the activation of sever-
al signalling kinases and transcription factors in
hypertrophied hearts.®” ®® Furthermore, ROS are
known to cause extracellular matrix remodelling
by stimulating cardiac fibroblast proliferation
and activating matrix metalloproteinases.®® In
fact, the activation of both the sympathetic ner-
vous system and the renin-angiotensin system
has been reported to increase the level of oxida-
tive stress which contributes to the progression
of heart failure.”’ Failing hearts have also been
observed to show an increase in the expression of
genes, which code for cytokines and increase the
activation of both innate and adaptive immune
systems; this observation indicates that inflam-
mation is linked to the development of heart fail-
ure.”!

Pharmacotherapy and
intervention strategies for the
treatment of cardiovascular
disease

Important pathological events in the develop-
ment of heart failure include elevated levels of
vasoactive hormones, activation of the immune
system, inflammation, oxidative stress, insulin
resistance, formation of toxic substances, alter-
ations in mitochondrial bioenergetics and auto-
phagy.’#® These events have thus been consid-
ered to be the targets for drug developments and
interventions in the treatment of cardiovascu-
lar diseases including heart failure. It has been
found that blocking of lectin-like oxidised LDL
receptor-1 (LOX-1) with an antibody produces
inhibition of ROS generation and prevention of
mitochondrial damage in heart failure; this is be-
cause the binding of ox-LDL to LOX-1 leads to the
generation of ROS through activation of a series
of downstream reactions.?? 8 Mitochondria are
one of the major producers of endogenous ROS
and thus blocking of mitochondrial ROS by using
mitoSNO has been observed to prevent cardiac
dysfunction.®” Some natural synthetic antioxi-
dants have been studied for the treatment of car-
diovascular diseases. A compound called resver-
atrol, a natural phytoalexin, has been identified
to suppress the high glucose-induced generation
of superoxide anion by increasing the phosphor-
ylation of adenosine monophosphate-activated
protein kinase. It has also been observed to elicit
endothelium-dependent vasodilatations and alle-
viate endothelial dysfunction due to high glucose
levels.?* However, resveratrol has been reported
to have varying levels of effects on cardiometa-
bolic diseases or shows no to very little effect
in some other diseases. On the other hand, olive
polyphenols like oleuropein and hydroxytyro-
sol have shown significant results in preclinical
trials. Most of the clinical studies have been per-
formed to observe the effects of olive oil for its
therapeutic actions on cardiovascular and car-
diometabolic health. However, specific studies
employing olive phenols as pure compounds have
not been performed and thus more research is
needed to know about the effects of olive poly-
phenols. Different preclinical trials in animals
have also been carried out to show the therapeu-
tic effects of other natural compounds like quer-
cetin, catechins, curcumin, organosulphur com-
pounds, melatonin, folic acid and glutathione on
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cardiometabolic and cardiovascular diseases but
well- organised detailed clinical trials are needed
to support their effects in humans.8>-#’

Some studies have been conducted to examine
synthetic compounds for anti-oxidant properties
and their therapeutic effects in cardiovascular
diseases. N - acetylcysteine (NAC) has shown
some beneficial actions in improving cardiac
function in preclinical trials but showed differ-
ing effects in various cardiometabolic diseases.%®
Thus, more research is needed to identify the role
of NAC as a therapeutic option. Other synthetic
compounds include superoxide dismutase mi-
metics (SOD mimetics) which have shown favour-
able effects in animal models but there is a lack of
clinical studies to indicate their therapeutic use.®’
Probucol is another synthetic compound which
has been reported to show significant preclinical
and clinical results. Some clinical studies have in-
dicated that probucol may be used as an additive
for the treatment of cardiometabolic diseases but
further research needs to be performed to exam-
ine its long- term benefit and safety.?> % 8 There
has been some developments to target mitochon-
drial abnormalities using small molecules as well
as peptides and thus prevent heart failure; these
interventions were found to help in mitochondri-
al detoxification and prevention of heart failure.”

Since accumulation of free iron within mitochon-
dria is known to produce an excessive amount
of ROS mitochondria- permeable iron chelators
like deferiprone has been identified as a new in-
tervention in cardiac disease prevention.” Other
interventions include anti-oxidative therapies
to target oxidative stress in the body by various
methods.”? At present, the best therapy in this
regard seems to be the inhibition of xanthine
oxidase by allopurinol or oxypurinol.®*®* Future
antioxidative therapies in heart failure are con-
sidered to include increasing endogenous antiox-
idant capacity and increasing expression of an-
tioxidant- producing enzymes.”> MicroRNAs are
also examined for their ability to act as regulators
of endogenous oxidative stress in cardiovascular
diseases but their application in humans needs
more research.?> Supplementation with precur-
sors of major cellular antioxidants like GSH and
NAD* has been shown to increase the endoge-
nous antioxidant capacity.’®° Another approach
would be to improve the expression or activity
of glutamyl cycle and NAD* producers to reduce
oxidative stress.’® %7 The inhibition of necroptotic
pathways in cardiomyocytes has also been sug-
gested to reduce cell death.®® Likewise, various
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intermediates of the canonical and non-canonical
pathways have been targeted by interventions
such as protein kinase inhibitors like RIP1Kki-
nase inhibitors (necrostatins) and RIP3 inhibi-
tors (GSK’872, HS-1371) for improving cardiac
function.®® In this regard, necrostatin-1 (Nec-1)
has been observed to prevent remodelling in
acute myocardial infarction as well as, post-myo-
cardial infarction heart failure. It also blocks an
enzyme in the inflammatory pathway and thus
reduces inflammation- related cell death. Anoth-
er drug necrosulfonamide, that inhibits MLKL in
the canonical pathway has also been reported
to depress oxidative stress.®® Some studies have
indicated that the signalling pathways that lead
to cell damage under high oxidative stress condi-
tions in right ventricular are different from those
in the and left ventricular heart failure and thus
further research is needed to incorporate the an-
tioxidant therapy into the heart failure treatment
options.®®

Role of oxidative stress in
neurodegenerative diseases

Neurodegenerative diseases occur when the
nerve cells or neurons in the brain and spinal
cord get damaged and eventually die. The degree
of symptoms of neurodegeneration such as mem-
ory loss, hallucinations and loss of motor control
is considered to depend upon the number of neu-
rons which become damaged during the devel-
opment of this disorder. These diseases strike in
mid to late life and thus the condition of patients
is expected to worsen as the population ages.”® It
is pointed out that neurodegenerative disorders
affect millions of people all over the world and
their rate is increasing for the most common dis-
eases such as Alzheimer’s disease and Parkinson’s
disease. The causes for these diseases are genetic
factors, environmental conditions and lifestyle
attributes.!® It is also noteworthy that oxidative
stress in the nervous system develops due to the
large amounts of ROS and RNS produced by the
activated microglia and endothelial cells.’’* The
increase in oxidative stress in the nervous system
leads to death of neuronal cells by apoptosis and
excitotoxicity.l?2 193 RNS however have also been
observed to be important biological messengers
and thus play critical role in the transmission
of signals in the nervous system.'’* 1> Neuronal
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damage in some neurodegenerative diseases has
also been observed to be due to the activation of
glutamate receptors; the excessive activation of
these receptors leads to a marked influx of cal-
cium into neurons leading to overstimulation of
normal activity and neuronal damage.°¢- 107

It should be emphasised that mitochondria re-
lease various apoptotic factors in response to
different environmental or internal body signals.
These apoptotic factors are also responsible for
neuronal cell death in neurodegenerative dis-
eases.!?®11% Excessive oxidative stress can cause
mitochondrial DNA damage and genetic muta-
tions which are considered to be associated with
neurodegenerative diseases. Genetic aberrations
such as single gene disease, proteasome dysfunc-
tion and protein misfolding are some conditions
which are responsible for neurodegenerative dis-
eases. In addition, complex interactions among
multiple predisposing genes have been shown to
resultin various disease states and worsen the ex-
isting neurological disorders.!?> ! It should also
be mentioned that NO is known to play an import-
ant role in the transmission of signals throughout
the nervous system. It is involved in the regula-
tion and proliferation of vascular smooth muscle
cells, leukocyte adhesion, angiogenesis, thrombo-
sis and hemodynamics.1%> 112 Excessive amount of
NO leads to the production of reactive nitrogen
species in the body and thus can lead to nitrosa-
tive stress and neuronal damage. High concentra-
tions of NO are toxic as these combines with ty-
rosine residues in the body which are needed for
proper functioning of the ribonucleoside diphos-
phate reductase system.l%> 112 113 Furthermore,
several sources of ROS in the nervous system are
the excitatory amino acids and neurotransmit-
ters in the brain and neuronal tissue. These ami-
no acids get metabolised and produce ROS which
increase oxidative stress. ROS attack glial cells,
which maintain homeostasis, protect neurons and
form myelin in the nervous system and thus cause
neuronal damage.1°8 11

One of the major neurodegenerative diseases is
Alzheimer’s disease (AD), which is characterised
by abnormal deposition of amyloid beta peptide
especially in the hippocampus. The intracellu-
lar accumulation of neurofibrillary tangles and
hyperphosphorylated T proteins result in the
loss of synapses and dendritic spines, as well as
hypoperfusion and hyperaemia. The oligomeric
amyloid beta peptide is responsible for the symp-
toms seen in AD and also serves as the diagnos-
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tic criteria of this diseases upon the estimation
of oxidative stress.!’>'7 Mitochondrial defects
also play an essential role in the neuron degen-
eration in AD by generating excessive amounts of
ROS, activating mitochondrial permeability tran-
sition pores, excitotoxicity, impaired production
of adenosine triphosphate and altered homeo-
stasis of calcium.!*®11? Since metal ions like cop-
per and iron play some critical roles in the pro-
duction of neurodegenerative diseases, iron has
been observed to react with hydrogen peroxide
and generate ROS in lysosomes to cause oxidative
damage.'?® The presence of increased levels of re-
dox- active iron has also been observed to trigger
amyloid plaque formation. Another pathway by
which iron generates oxidative stress is ferropto-
sis which has been identified as the major cause
of neuronal cell death in neurodegenerative dis-
eases. Ferroptosis refers to programmed cell
death which is caused by accumulation of lipid
peroxides in the cell.'?123® Loosely bound metal
ions like copper act as catalysts for the produc-
tion of ROS and in fact an increase in the amount
of loose copper ions has been detected in AD.
Copper ions bound to amyloid plaques have also
been demonstrated to contribute to oxidative
stress.'?*126 [t may be noted that increased oxida-
tive stress in the neuronal cells has been report-
ed to oxidise some proteins and reduce the activ-
ities of enzymes like creatine kinase, glutamine
synthetase and glutamine synthase in AD.!18 127
128 Oxidation of proteins is also responsible for
the hyperphosphorylation of T proteins through
microtubule-associated protein kinase pathway
and activation of transcription factor nuclear fac-
tor. This thus leads to formation of neurofibril-
lary tangles which are one of the major charac-
teristics of AD.105129

Pharmacotherapy and
intervention strategies in
treatment of neurodegeneration

Antioxidant therapies are one of the major areas
of research in the treatment for neurodegenera-
tive diseases and thus several studies have dis-
cussed the mechanisms and identification of tar-
gets for preventing the impact of oxidative stress
in inducing neurodegeneration.’** Therapeutic
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options for upstream oxidative stress include en-
zymes and antioxidants to reduce the generation
of free radicals and interrupt the interaction be-
tween neuronal protein and oxidative stress.'*>
144 Downstream antioxidant therapy in neuronal
disorders due to oxidative stress includes pre-
venting neuronal inflammation and scavenging
the free radicals produced.'***¢ The use of an-
tioxidants to prevent oxidative damage caused
by Fenton-like reactions involving iron is also
considered to be a therapeutic intervention.'?!
G- protein coupled receptors (GPCR) are the larg-
est family of transmembrane receptors and have
been observed to be involved in the pathology
of many neurodegenerative diseases. Allosteric
modulators of GPCR and neuropeptides have also
been used for the treatment of neurodegenerative
diseases.*”1*8 A study has also been observed to
minimise plaque production in AD by genetic de-
letion of mGluR5 receptor which belongs to the
GPCR family.!*® Targeting of serotonergic recep-
tors such as serotonin- 6 receptor (5-HT R) has
also been identified as an intervention for the
treatment of AD.!°% 151 Other types of intervention
strategies include the use of iron chelators such
as deferiprone which targets iron metabolism.'*?

Currently used treatment of AD is based on cho-
linergic hypothesis, according to which deficien-
cy of acetylcholine (ACh) is observed in the cen-
tral nervous system in patients suffering from
this disease. Thus, the current approach is the
cholinergic replacement strategy which was at-
tempted to use muscarinic and nicotinic choliner-
gicligands and acetylcholinesterase inhibitors.!**
154 Other treatments used are dual-binding site
AChE inhibitors, dual-binding AChE and BACE-1
inhibitors and AChE inhibitors and calcium chan-
nel blockers. Non-AChE directed multitarget drug
developments and multitarget bioavailable metal
chelators are also under study in the treatment
of AD.’** Some examples of drugs in use for the
treatment of AD include aducanumab and tacrine.
Aducanumab is a human monoclonal antibody
which has been observed to enter the brain, bind
to parenchyma beta plaques and reduce soluble
and insoluble amyloid beta plaques in a dose-de-
pendent manner in AD.'>>15¢ Tacrine is a non-se-
lective AChE inhibitor and was the first approved
drug for AD. Itis however no longer in use because
it was observed to have some adverse effects and
dose-dependent hepatotoxicity. A derivative of
tacrine called HLS-3 has been found to show sim-
ilar central effects and lesser peripheral adverse
effects as compared to oral tacrine.'s’15
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Role of oxidative stress
in some cancers

Cancer is rising worldwide as it caused approx-
imately 10 million deaths in 2020.1%° According
to WHO, 18.08 million cases of cancer were diag-
nosed with cancers of lung, breast and prostate
being the most frequent; lung cancer in men and
breast cancer in women are most frequently di-
agnosed. The most deadly cancers are of lung,
liver and stomach and these are the most com-
mon cause of mortality for men. In women, breast
cancer has the highest rate of mortality followed
by lung and stomach cancers. It has been estimat-
ed that the mortality rate of cancer will become
greater than the mortality rate of ischaemic heart
disease by 2060.1! Common causes of cancer are
tobacco use, high body mass index, alcoholism
and sedentary lifestyle. Cancer can also be caused
by some infections like hepatitis and human pap-
illomavirus (HPV) which account for about 30 %
of cancer cases in low and lower-middle income
nations.!®?

ROS have been identified to have distinct effects
on cellular components and have both pro-tum-
origenic and antitumorigenic effects.!®? Since ROS
are involved in normal cell metabolism and cell
signalling as well as ageing and diseases due to ir-
reversible damage to lipids, DNA and proteins,'®?
ROS have been observed to promote proliferation
and survival of cancer cells, angiogenesis and
metastasis in mouse cell models and human cell
lines.!62 164 165 ROS also activate stress-induced
signalling pathways that can induce cell cycle ar-
rest, senescence and cancer cell death.'®* Autoph-
agy helps to maintain genomic stability not only
by suppressing chronic tissue damage but may
also promote tumour growth by suppression of
p53 response which prevents the diversion of tu-
mours to benign oncocytomas.!®3-1%¢ Autophagy
removes damaged organelles like mitochondria
and limits ROS amplification.!®”'% Increased lev-
els of ROS have been shown to cause oxidation of
guanine and irreversible cysteine modification in
addition to acting as carcinogenic and promoting
genomic instability.'**'”° Environmental carcino-
gens such as cigarette smoke have been observed
to have very high amounts of ROS which are in-
volved in cells mediated by oncogenes or loss of
tumour suppressors as is seen in the downreg-
ulation of p53.1®* ROS are also believed to pro-
mote tumour through the activation of mitogenic
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signalling pathways like PI3K/AKT/mTOR and
MAPK/ERK signalling cascades.'”*'3 ROS have
been reported to be involved in the loss of cell-to-
cell adhesion due to which the tumour cells break
through the cell basement membrane and cause
metastasis.!®*'7* Endogenous oxidants have been
shown to prevent initiation of tumour; GPX3 sup-
presses tumour initiation in mouse models of co-
lon cancer,”> SOD gets localised to mitochondria
and block cancer cell proliferation’® and perox-
iredoxin inhibits cancer cell growth.'”” Exoge-
nous antioxidants such as N-acetyl cysteine, vita-
min E® and vitamin C have also been observed
to have antitumour as well as some tumour pro-
liferating effects.’”® Amino acids were shown to
regulate ROS balance in cancer cells and act as
protective factors against cancers. Glutamate
and methionine were demonstrated to modi-
fy levels of NADPH in cancer cells and helped to
maintain ROS levels below the toxic threshold
along with cysteine which has strong antioxidant
properties.'®*182 Some genetic alterations like ec-
topic expression of oncogenes Ras,!®® loss of tu-
mour suppressor p53'%* and genetic ablation of
the gene encoding breast cancer (Brcal)'®® have
been observed to increase ROS levels and induce
tumorigenesis. These observations suggest that
the development of oxidative stress plays a crit-
ical role in the genesis of some types of cancer.

Pharmacotherapy and
intervention strategies for the
treatment of cancer

Since ROS are the major cause of cancer progres-
sion, many treatments target ROS to prevent the
development of cancer. Several natural antioxi-
dants and phytochemicals have been introduced
as anti-cancer therapies as they have anti-prolif-
erative and pro-apoptotic effects.'®% 187 However,
there are studies which have indicated that tar-
geting ROS by antioxidants to reach normal cell
concentrations for destroying tumours presents
many problems which need to be addressed.'®®
Cancer cells are known to thrive on ROS levels
which are moderately higher than those in nor-
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mal cells. Thus, therapeutic strategies are being
developed to elevate ROS levels that do not ex-
ceed the redox adaptation of the cell and induce
oxidative stress which is incompatible with cel-
lular life.’®® In order to increase ROS levels and
cause cell death, motexafin, gadolinium and anth-
racyclins have been used in cancerous cells.!8% 19
Antioxidant product inhibition can be achieved
by depletion of GSH activity as is seen in the case
of buthionine sulfoximine which inhibits GSH
synthesis.”! Imexon is used in the treatment of
advanced stages of cancer as it disrupts GSH ac-
tivity by binding to the thiol functional group of
reduced GSH and thus depletes the GSH pool for
antioxidant activity.19% 193

There are studies targeting cysteine metabolism
and ferroptosis to limit tumour growth; however,
there are many cancer cell lines which show re-
sistance to this treatment and thus it is important
to develop efficient drug-targeting methods.'®"
194,195 Another therapeutic method is nanomed-
icine which involves many biocompatible and
biodegradable systems that deliver conventional
chemotherapeutic drugs in the body. These inter-
ventions help to increase the availability of drugs
around the tumour tissue and improve their re-
lease. Nanoparticles have also been used in the
diagnosis as well as treatment of cancer.!8% 1%
Targeted therapy helps to modulate the specific
site like tumour vasculature or intracellular or-
ganelles and leave the surroundings unaffected.
This would help to make the treatment of can-
cer more specific and reduce the drawbacks of
the treatment.’” Gene therapy and expression of
genes which trigger apoptosis and wild-type tu-
mour suppressors are also considered to be good
interventions and thus have been investigated.'®
Thermal ablation of tumours and magnetic hy-
perthermia are considered to be tools for precise
medication and serve as substitutes for more in-
vasive options like surgery.’*® Some fields still un-
der study include targeted silencing mediated by
siRNAa, radiomics and pathomics.!®¢ Phytochem-
icals which are secondary plant metabolites have
been observed to potentiate the efficiency of che-
motherapeutic agents by exacerbating oxidative
stress in cancer cells.??® Thus, these are the basis
for the development of novel interventions for the
protection and treatment of cancer.
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Conclusion

4 N
Change in the diet and unhealthy lifestyle have

been a major cause of cardiovascular diseas-
es, neurodegenerative diseases and cancer.
The excessive production of ROS and the pres-
ence of excessive amounts of AGEs in modern
diets cause an increase in the oxidative stress
that leads to many chronic diseases, three of
which were discussed in this review. There are
commonalities among the pathogenic factors
like ROS, AGE and NO that may cause these
diseases. All these factors when present in
excess create abnormalities in the metabolic
pathways of the body by inducing an increased
oxidative stress which further leads to many
other problems like inflammation in the body
organs as well as causing DNA damage or lip-
id deposition. The increased levels of ROS and
AGEs result in activation of the immune sys-
tem that leads to inflammation, which is also a
common factor in these chronic diseases. The
preventive strategies for all the three diseases
include following a healthy lifestyle with mod-
erate exercise and also intake of nutritious
foods rich in antioxidants such as fresh fruits
and vegetables. Antioxidants such as vitamins
A, C and E; beta-carotenes and bioflavonoids
are helpful in the reduction of oxidative stress.
Consumption of foods rich in calories and high
content of AGEs should be reduced as a com-
mon preventive strategy for cardiovascular
and neurodegenerative diseases as well as
cancer. Development of prevention strategies
based on natural food resources and tradition-
al medicines should be encouraged to prevent
the occurrence of many chronic diseases. In
addition, it is of great importance to develop
more effective antioxidants with anti-inflam-
matory activities and other interventions for
some combination therapies, if we have to im-
prove the outcome of patients with chronic
diseases.
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In recent years, the number of bullying cases, especially among teenagers, Semarang, Indonesia.
has been increasing, with many mass media reports on bullying cases that i Citation:
have resulted in the death of the victim. The aim of the study was to explore { Wahyuni S, Pranata S, Kurniawan W, Setyowati R,
the impact of bullying on adolescents by analysing of network visualisa- Heni H, Wianti A, et al. Discovering the impact of

bullying on adolescents through bibliometric analy-

tion, overlay visualisation and density visualisation on the topic through sis. Sor Med, 2024 Mar-Apr:55(2):219-29.

bibliometric analysis. Records were identified through a database search
at https://app.dimensions.ai/. The data obtained was then selected further Corresponding author:
by the preferred reporting items for systematic reviews and meta-analyses i SRIWAHYUNI ,
(PRISMA) flow diagram. Papers were limited to publication years 2019- E: yuyunyunig6s@gmail.com
2023 and focussed on the fields of psychology, human society, health sci-
ence, clinical biomedicine, clinical education and health psychology. Data
were analysed using VOSviewer, then reviewed by co-occurrence and
co-author. After identifying the clusters, the impacts of bullying on ado-
lescents were suicidal behaviour, mental disorders, non-suicidal self-injury
(NSSI), loneliness, psychological distress and adolescent childhood ex-
periences (ACEs). From the overlay visualisation, it was indicated that the
newest topics that were being widely researched related to the impact of
bullying on adolescents were social anxiety, suicidal ideation, depressive
symptoms, suicidal thought, integrated behaviour change (IBC) and peer
victimisation. From density visualisation, it was indicated that topics that
were rarely researched related to the topic of the impact of bullying on ad-
olescent were suicide attempts, early victimisation, post-traumatic stress
disorder (PTSD) and suicidality. The theme regarding the impact of bullying
needs and developed to be researched more deeply, especially on themes
with low visualisation found in density visualisation, in order to enrich the
variety of research.
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Introduction

Adolescence is a time full of dynamics, since at  ers to behave according to their wishes without
this time teenagers begin to experience various thinking about the risks that might occur in the
new things starting from romance, solidarity in ~ future. Adolescents also often follow trends and
friendship, trying something new and challeng-  follow what their friends are doing. This is the
ing, a period of searching for identity, exploring  part where teenagers try to assert themselves as
new and different worlds to find out who they individuals or as members of a particular social
are.! The character of adolescent who tend to  group.?

be unstable and sensitive encourages teenag-

Copyright © 2024 Wahyuni et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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The formation of youth groups in a larger com-
munity will lead to the existence of superior in-
dividuals or groups and vice versa.> Sometimes
superior groups show their identity as a group
or individually in bad ways, for example violence,
both physical and verbal. Violence that is more
often shown by teenagers, for example is acts of
bullying. Bullying itself is a hostile act carried out
by one person or a group of people with the aim
of frightening or hurting other people and occurs
repeatedly and there is an imbalance of power
between the victim and the perpetrator. Howev-
er, bullying itself is a cycle, in the sense that the
current perpetrator is most likely the victim of a
previous perpetrator of bullying.*

Generally, adolescents who have economic and
physical disadvantages (disabilities) easily be-
come victims of bullying by their friends.® There
are various forms of bullying, it can take the form
of teasing, insults or beatings. The latest is bul-
lying via social media which is conveyed through
the comments column or statuses posted by the
perpetrators which contain harsh words and
curses at someone.® Not infrequently there are
comment wars containing negative comments. In
the school environment, bullying is usually car-
ried out by strong students and of course the vic-
tims are weak students, or students who consid-
er themselves superior carry out bullying actions
against students they consider inferior.”

Bullying behaviour can have a bad impact on
victims, especially adolescents, for example re-
ducing their enthusiasm for studying at school,
school strikes, stress, low self-esteem, trauma,
fear at school, suicide and can even make children
imitate bullying behaviour.® The purpose of study
was to explore the impact of bullying on adoles-
cent by analysed of network visualisation, over-
lay visualisation and density visualisation on the
topic through bibliometric analysis.

Methods

In this research, bibliometric analysis was
used. Records were identified through database
searches https.//app.dimensions.ai/. Dimensions
is a database of abstracts and citations and of
research grants, which links grants to resulting
publications, clinical trials and patents. Dimen-
sions is part of Digital Science & Research Solu-
tions Ltd, a technology company headquartered
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London, United Kingdom.? The data obtained was
then selected further by the preferred reporting
items for systematic reviews and meta-analyses
(PRISMA) flow diagram.!® Papers were limited
to publication year 2019-2023, focussed on the
fields of psychology, human society, health sci-
ence, clinical biomedical, clinical education and
health psychology. Article was the type of pub-
lication that was analysed. Data were analysed
using VOSviewer then reviewed by co-occurrence
and co-author. Data was collected on 3 November
2023.

Selecting data

Data selection was carried out using the stages
in PRISMA including identification, filtering and
inclusion as shown in Figure 1. Stage 1 (identifi-
cation) detected 161,344 records from https:app.
dimensions.ai/, taking into account, each of the
main search terms (impact AND bullying AND
adolescent), “article document type” and “all pub-
lished data range from 2019 to 2023”. In stage 2
(screening), the option “title, article, abstract”
was selected in the field of each search term, re-
sulting in 45,813 articles. In stage 3 (included),
the final sample yielded 34,364 articles.

Data analysis

Data were analysed using VOSviewer. VOSviewer
is a software tool for building and visualising bib-
liometric networks. These networks can include
individual journals, researchers, or publications
and all of these can be obtained by citation, bibli-

Amcle included in the synthesis
n = 34,364)

s 2\
=) | Records were identified
."c_E' through database searches
=N | app.dimensions.ai. Including
5= | all fields, all types of docu-
L= .
qc_) ment.s related to impact of Articles excluded after filtering
=] bullying on adolescent (126,980)
e Paper published before
years 2019
(n = 86,658)
v e Not related with the field
of biomedical and clini-
Tr?tfl1ng1m3bﬂ()f articles F cal science, psychology,
health science, clinical
science, clinical and
health psychology
(n=28,873)
o Not articles type of publi-
cation
v (n=11,449)

J

F/gure 1: The preferred reporting items for systematic reviews
and meta-analyses (PRISMA) flowchart
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ographical merge, co-citation or co-author links.
VOSviewer also offers text mining functionality
which can be used to build and visualise co-oc-
currence networks of key terms extracted from
collections of scientific literature.'! The analysis
type was selected to create maps based on text
data. In this study, analyses were reviewed by
co-occurrence and co-authors.

Co-occurrence procedures

The co-occurrence analysis procedure went
through several steps, namely selecting the data
source, reading data from the reference manager
file. “Fields from which terms will be extracted”
was selected, then “title and abstract fields” and
“ignore structured abstract labels and ignore
copyright statements” was chosen, then the “full
counting” calculation method was selected. The
minimum threshold for the appearance of a se-
lected term was 10. Number of terms to be select-
ed was 198.

Results

Network visualisation of the impact of bullying
on adolescents concept in publications

In Figure 2, it can be seen that there were 198
items divided into 9 clusters, 6,205 links, with a
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Co-authors procedures

The co-authors analysis procedure went through
the following stages: Selecting the type of data:
“create a map based on bibliographic data”. Next,
select the data source “read data from referenc-
es manager files”. Select a file type that RIS sup-
ports. Select the analysis type and calculation
method: “co-authorship analysis type and full
calculation method”. Select “choose type of analy-
sis and calculating method”. Click “co-authorship”
as the type of analysis and click “full counting” as
the counting method. Select “maximum number
of authors” per document as 25. Of the 2169 au-
thors, 9 met the threshold. An author for each of
the 9 authors was selected. Total co-author links
with other authors were counted. Authors with
total spread links were selected. After verifica-
tion, the number of authors was 9.

total link strength of 35,460. Two items connected
by aline indicate that they appear together in the
title and abstract of each study. After identifying
the clusters, the impact of bullying on adolescent
were suicidal behaviour, mental disorder, NSSI,
loneliness, psychological distress and ACEs.

Figure 2: Network visualisation (source:
VOSviewer)
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Overlay visualisation of the anxiety among
adolescents concept in publications

In Figure 3, the overlay visualisation, it can be
indicated that research related to the impact of
bullying on adolescents focusing on were social
anxiety, suicidal ideation, depressive symptom,
suicidal thought, integrated behaviour change
(IBC) and peer victimisation.
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Figure 3: Overlay visualisation (source:
VOSviewer)

Figure 4: Density visualisation (source:
VOSviewer)
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Density visualisation of the anxiety among
adolescents concept in publications

In Figure 4, from density visualisation it can be
seen that topics with visualisation in the low cat-
egory are suicide attempt, early victimisation,
PTSD and suicidality.

Discussion

From the network visualisation, it was identified
that there were 198 items divided into 9 clusters
with a number of links 6,205 with a total link
strength of 35,460. After identifying the clusters,
the impact of bullying on adolescent were
suicidal behaviour,’> mental disorder,'*> NSSI,*
loneliness,'® psychological distress'® and ACEs."”

From overlay visualisation, it was indicated that
the newest topics that were widely researched
related to the impact of bullying on adolescents
were social anxiety,® suicidal ideation,'
depressive symptoms,?° suicidal thoughts,?!
integrated behaviour change (IBC)?? and peer
victimisation.?® From density visualisation, it was
indicated that topics that were rarely researched
related to the topic of the impact of bullying
on adolescents were suicide attempts,* early
victimisation,?® post-traumatic stress disorder
(PTSD)? and suicidality.?’

Suicidal behaviour, suicidal ideation and
suicide attempt

The impact that occurs on victims of bullying can
carry over into adulthood and is a serious problem
that needs to be treated quickly. The emergence
of depression in victims of bullying can lead to
thoughts of suicide or self-harm because bullying
that occurs to someone can make that person feel
depressed.?® Bullying has the impact of causing
someone to experience depression if they do not
receive immediate treatment and can give rise to
other serious problems such as suicidal ideation
or self-harm.?

Suicidal ideation is thoughts that lead to death,
the individual plans to die by specifically
eliminating life.?! This statement illustrates that
suicide leads to planned thoughts about taking
one’s life by committing suicide. There is a series
of occurrences of suicidal behaviour, namely
suicidal ideation, suicidal movements, suicidal
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attempts and suicide.?® A person’s idea of suicide
will lead to thinking about what actions they can
take to commit suicide before entering the stage
of suicide. Suicide is the main cause of death in the
world with the age range of suicide perpetrators
being 15 to 29 years old.?®

Mental disorder

According to the Centers for Disease Control and
Prevention (CDC), bullying can have an impact
on a person’s physical and emotional health, both
short and long term. Apart from that, victims of
bullying can also experience physical injuries,
social problems, emotional problems and even
increase the risk of suicide and death. This is
because victims of bullying become less self-
confident and experience an increased risk of
mental disorders.?!

Apart from that, based on a study conducted by
the Eunice Kennedy Shriver National Institute
of Child Health and Human Development in
the United States, anyone involved in bullying,
whether victim or perpetrator, is at high risk of
experiencing depression.*? The risk of depression
can even be higher in victims of electronic
bullying, for example via social media, text
messages or emails, compared to direct bullying.
The Mayo Clinic in the United States also states
the same, that victims of bullying can be at high
risk of experiencing mental and other health
disorders.*

Non-suicidal self-injury (NSSI)

Bullying is a real situation experienced by
teenagers every day. Bullying can be done by
classmates, even those closest to person. Bullying
that occurs continuously without being handled
properly can cause feelings of depression, lack
of self-confidence and even traumatic feelings.'*
These feelings of pressure and lack of self-
confidence can encourage victims of bullying to
commit acts of NSSI as a form of desire to punish
themselves and hate themselves.**

The results of research by Wilson et al* also
found self-injury behaviour and suicidal thoughts
in teenage victims of bullying. The tendency
to carry out self-injury behaviour and suicidal
intentions is based on the development of a
sensitive brain during adolescence so that it hasa
higher vulnerability to trigger stress.3¢

Loneliness
Loneliness causes someone who experiences it
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to feel empty, alone and unwanted even though
the person is actually not alone and is in a busy
environment.!> This feeling of loneliness can
occur in teenagers who experience bullying or
are victims of bullying and teenagers who carry
out bullying or are perpetrators of bullying.
Teenagers who are victims of bullying usually
feel isolated and ostracised by their group,
friends and their social relationships are poor. As
Sullivan said, people who have been intimidated
often have difficulty forming good relationships,
and tend to find it difficult to live a normal
life.3° Victims of bullying, according to a Royal
College of Psychiatrists report, have low self-
confidence, have few friends, spend time alone
and often suffer from anxiety, difficulty sleeping,
depression and suicide.?’

Meanwhile, teenagers who become perpetrators
of bullying usually do so because their behaviour
is considered a threat, so their peers are shunned,
avoided or even rejected in a group, causing them
to feel lonely. Children who are bullies show
negative characteristics such as being angry,
depressed and are at risk of being involved in
criminal behaviour as adults.?® Bullies have low
empathy for other people. Meanwhile, children
who are victims of bullying based on research by
Phan et al3® are depressive, passive and shy.

Psychological distress

Adolescence is a time of searching for identity,
they are faced with many new roles and status
as adult humans. A positive self-identity will
be formed if teenagers are able to explore new
roles in a healthy way and find a positive path.*®
On the other hand, identity confusion arises
because teenagers do not explore different roles
and do not find positive paths, which can lead to
delinquency such as bullying. Bullying is a secret
action, while the victims (even eyewitnesses) do
not dare to report it.*

Being a victim is a painful experience, holding
onto events over and over again is difficult. The
condition of the victims where every day they
are harassed, hurt, humiliated repeatedly, leads
to the feelings of insecurity, psychological shock,
trauma and even mental disorders.*

Adolescent childhood experiences (ACES)

Bullying behaviour generally does not just appear,
but is influenced by several factors. Factors
that influence bullying behaviour according
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to Soares et al'’ are: (a) personality factors, (b)
family factors, (c) adverse childhood experience
(ACE) factors, (d) school environmental
factors. Children who live in unfavourable and
dysfunctional family environments, the inability
to resolve conflicts or in short, children who
experience ACE are more at risk of becoming
perpetrators of bullying because they reflect the
naturalisation of violent behavioural practices or
even interpreting aggressive behaviour towards
peers as a joke."!

One of the factors that influences the emergence
of bullying behaviour is ACE which is a term
that refers to exposure to potentially traumatic
events experienced by individuals during
childhood aged 0-18 years.*? Five characteristics
of ACE: 1. Harmful (harmful) ACE - experiences
that are harmful to children, 2. Chronic/
recurring (chronic/appearing repeatedly times)
ACE that are often repeated are a manifestation
of chronic problems, 3. Distressing (causing
suffering) ACE make children suffer or be
depressed, 4. Cumulative (cumulative) ACE -
children who experiencing more than one event
or experiencing multiple traumatic events in a
chronic and prolonged manner, and 5. Varying
in severity (having varying degrees of severity)
ACE characterised by varying degrees of severity
from less to more severe.*

Social anxiety

A child who experiences bullying carried out by
his friends at school or outside school will create
feelings of self-doubt, insecurity and anxiety.
This is supported by research that has been
carried out. The results of these studies mostly
explain that children who are victims of bullying
will experience high levels of anxiety and this can
have an impact on the child’s self-esteem.'®* World
Health Organization® states that mental health
nurses are the largest health workforce in the
entire world, namely 40 %, therefore it is hoped
that nurses will be able to intervene to reduce
anxiety in victims of bullying.

Anxiety is a very normal and frequently
occurring human emotional response that
involves aspects such as affective and cognitive
behaviour to danger. This is seen as normal
as part of childhood. Feelings of excessive and
uncontrolled worry also include anxiety which is
aresponse to internal and external stimuli which
can cause emotional, cognitive, physical and
behavioural symptoms.** The impact of anxiety
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depends on the child’s developmental level and
the development of coping skills at that age. In
school children, the effects that often occur are
changes in sleep patterns, changes in eating
patterns, anxiety, feelings of worthlessness,
poor self-efficacy, difficulty concentrating,
feelings of irritability, withdrawal, poor school
performance, nightmares, aggressive behaviour,
excessive worry and so on.*®

Apart from that, the level of self-esteem can
influence and cause social anxiety in children.
Adolescence requires high self-esteem so that
the child develops a sense of self-confidence,
self-respect and looks strong.*® If the need for
self-esteem is not met, a feeling of inferiority,
worthlessness and a feeling of helplessness and
mental weakness will arise. Conditions that are
usually experienced by children who are victims
of bullying are that they appear withdrawn, quiet,
restless and anxious.*’

Depressive symptoms

Depression is defined as a mental disorder
with signs and symptoms including feelings
of depression, loss of interest and pleasure,
decreased energy, feelings of guilt, anxiety and
poor concentration.”® Depression is a trigger
for illness and disability in adolescents. One of
the factors that makes teenagers vulnerable to
depression is bullying. Identification of symptoms
of depression in adolescents is important to study,
especially as a result of bullying.*’

In previous research in Indonesia, it was
found that there was a positive relationship
between experiencing bullying and depression
in adolescents and bullying had an influence on
the emergence of depression. These results were
supported by other research which showed that
the intensity of bullying behaviour experienced
was directly proportional to the prevalence
of depression. Adolescents who experience
bullying behaviour with moderate intensity have
a tendency to experience moderate depression
of 66 %, while those who experience bullying
behaviour with mild intensity have a tendency to
experience mild depression of 33.3 %.5°

Integrated behaviour change (IBC)

In this day and age where technology is so
sophisticated that it is very easy for bullying
to occur, simply usage of social media to bring
down the victim by distributing negative photos
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or videos about the victim, causing the victim
to experience mental health problems such
as depression, anxiety, lack of self-confidence,
difficulties to sleep, desire to hurt themself and
even want to commit suicide.>

Some children who are often bullied at school
usually have certain physical conditions, smart
children, students who don’t have friends and
children who are economically disadvantaged.
Bullying has long-term effects for both the victim
and the perpetrator of the bullying themselves.
The effect felt by victims is that they feel that
their self-confidence has been taken away.>?

Meanwhile, for the perpetrators of bullying,
the effect will become a habit and enjoyment
to increase their ego. The fear or trauma
experienced by victims of bullying at school will
trigger them to drop out of school, children who
are victims of bullying at school will usually show
changes in habits such as children often feeling
afraid to go back to school, often experiencing
nightmares, decreased appetite and changes in
behaviour such as prefer to be alone, daydream,
don’t talk much and don’t have self-confidence.*
To overcome this bullying case, it is necessary
to apply counselling theory, namely by using
behavioural counselling theory.>*

Peer and early victimisation

Bullying victimisation is a condition resulting
from negative actions repeatedly and over time
against negative actions by one or more other
teenagers where in the bullying there is an
imbalance of power or strength. The impacts
that occur on victims of bullying include poor
physical health,? disrupting mental health, such
as depression and internalisation problems
(anxiety, fear and withdrawal from the social
environment)®> as well as influencing individual
psychosocial problems.>¢ It is important to know
the factors that can contribute to reducing
bullying that occurs, especially from the victim’s
side. One potential protective factor is through
quality friendships. The quality of friendship itself
according to Yang et al*® is a quality friendship
relationship between a person and someone who
is considered a good friend.

Gottman and Parker explained that support
obtained from friendship can provide encour-
agement and feedback that can help teenagers
to develop an impression of themselves as
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competent, attractive and valuable figures. Then,
with the support received, teenagers can get
the physical help they need if they experience
interference from other friends. Therefore,
if teenagers have positive feelings towards
themselves, such as feeling like they have high
self-esteem are competent and attractive and get
the necessary physical support, teenagers can
avoid bullying victimisation that can occur.?’

Friendship quality is an effective factor in
preventing peer victimisation, such as high
quality friendships.”® Adolescents who have
high levels of support from their friends have
lower levels of bullying and victimisation.'
Xiong et al®® explained that individuals who have
protective and reciprocal friendships can reduce
children’s involvement in bullying. Quality
friendships can reduce individual involvement
in bullying victimisation, because through best
friends aggressive attacks from bullies can be
avoided.®® Zhang et al explains that the quality of
friendship has five aspects, play/companionship
(togetherness), conflict, help, security and
closeness.5!

Post-traumatic stress disorder (PTSD)

PTSD is a condition that some people experience
after experiencing or witnessing a traumatic
event. The hallmark of a traumatic event is its
ability to induce feelings of fear, helplessness
or horror in response to the threat of injury or
death, so it can affect anyone, including victims
of bullying.*®

Research has shown that experiencing bullying
is the strongest predictor of developing PTSD
symptoms.?® This number goes beyond physical
abuse, neglect and exposure to community
violence. Another literature review examining
29 relevant studies on bullying and harassment
found that 57 % of victims scored above the
threshold for meeting PTSD criteria.®?

As teens approach adulthood, some PTSD
symptoms in teens begin to look like those of
adults. For example, they may have upsetting
thoughts or memories, recurring nightmares,
flashbacks and strong feelings of distress when
reminded of the event. The difference is that
teenagers are more likely to exhibit impulsive
and aggressive behaviour than young children
or adults. Moreover, although children may be
haunted by thoughts of painful experiences, this
does not mean they can be easily observed. In
fact, children often suffer in silence.??
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Implication and limitation

This bibliometric analysis literature review
has several limitations. First, there is limited
literature available regarding IBC, which is
almost the same as discussing the psychological
impact on adolescent victims of bullying. The
literature on suicidal behaviour, suicidal ideation
and suicide attempt is used as one discussion
because the same literature discusses this and in
most of the other literature there is a mismatch
between the criteria, samples and problems
with the theme in question.

Conclusion

e N
Bullying is a problem that is currently trend-
ing, especially among adolescent, the impact
of bullying both physically and psychological-
ly can traumatise the victim and affect their
mental health, the theme regarding the im-
pact of bullying needs to be developed to be
researched more deeply, especially on themes
with low visualisation found in density visu-
alisation in order to enrich the variety of re-

search.
\ Y,
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Introduction

This review highlights the implications of artifi-  chine understanding and is typically referred to
cial intelligence (AI) techniques integrated with  as intelligent behaviour, with the creation of ar-
orthognathic surgery. Various software is avail-  tifacts”.? It is a discipline in computer science
able for virtual surgical planning and challenges  that aims to understand and create intelligent
and complications associated with orthognathic  entities, which are often manifested as software
surgery. programs.® The use of Al to complete activities

that traditionally require human intelligence is
“Alis a broad transdisciplinary field, itisabranch  transforming numerous industries.* * Their ca-
of science and engineering that deals with ma-  pacity to identify meaningful associations in data
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collection can be utilised across diverse clinical
scenarios for purposes such as diagnosis, treat-
ment planning and predicting outcomes.!

The concept of Al was initially introduced in 1950
when Alan Turing first explained the idea of sim-
ulating intelligent behaviour and critical think-
ing using computer.® Early models had several
flaws that impeded widespread adoption and
medical use.® Gunn first researched the use of Al
technology in surgery in 1976, when he explored
the possibilities of using computer analysis to di-
agnose sudden abdominal pain. Interest in medi-
cal Al has increased during the past two decades.!

The virtual and physical domains are where Al
is primarily used. The virtual programme uses
mathematical techniques to simulate machine
learning, commonly referred to as deep learn-
ing, which improves learning via experience. The
three categories of machine learning algorithms
include unsupervised (capable of recognising
patterns), supervised (employing prior exam-
ples for classification and prediction) and rein-
forcement learning (forming strategies through
rewards and penalties within a specific problem
domain). It also has electronic medical records
that use specific algorithms to find people who
have a family history of a hereditary condition or
who are at higher risk of developing chronic dis-
eases.’

Al can utilise algorithms to “learn” features from
a significant amount of healthcare data and use
these discovered insights to improve clinical
practice. The accuracy of the system can be en-
hanced by providing it with learning and self-cor-
recting capabilities based on feedback. Its phys-
ical application involves physical items, medical
equipment and progressively sophisticated ro-
bots participating in the provision of treatment
(carebots).’

With the help of Al, healthcare is undergoing a
paradigm shift, owing to the expansion of health-
care data availability and the quick development
of analytical tools.® According to estimates, Al
will have a profound impact on social and eco-
nomic systems worldwide.?

Surgical management with Al

Advances in surgery have altered the treatment
of both acute and chronic illnesses, increasing
patient survival rates and lengthening patients’
lives. Continuous technical innovations in di-
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agnosis, imaging and surgical instrumentation
support these advancements.’* Al for preopera-
tive planning, surgery effectiveness depends on
preoperative planning, in which doctors design
the surgical operation based on already-exist-
ing medical information and imaging. The most
popular imaging techniques utilised in clinical
settings are X-rays, CT scans, ultrasounds and
magnetic resonance imaging (MRIs). Anatomi-
cal categorisation, detection, segmentation and
registration are common tasks based on medi-
cal imaging.'® Al for intraoperative guidance is
used in shape instantiation, tissue tracking, en-
doscopic navigation and augmented reality.'® Al
for surgical robotics, the goal of Al is to increase
the surgical robotic system’s ability to recognise
complex in vivo circumstances, make judgements
and complete the necessary tasks more precisely,
safely and effectively.!® Robotically assisted sur-
gery was created to boost surgeon capabilities
and to get beyond the drawbacks of existing min-
imally invasive surgical techniques.™

Orthognathic surgical treatment

Surgery requires precise planning to achieve the
appropriate stability and harmony.!? In order to
treat obstructive sleep apnoea (0SA), malocclu-
sion and issues with the facial profile, orthog-
nathic surgery is frequently used in craniofacial
surgery. The focus of orthognathic surgery is
repositioning the maxilla, mandible and chin.?
It not only enhances fundamental abilities like
chewing, speaking and swallowing, but it also
forms a component of a comprehensive plan of
care for improving quality of life.!*

Approaches for early orthognathic
surgery

Conventional approach

It is known as the orthodontic first approach.
Orthognathic surgery traditionally requires sig-
nificant pre-operative and post-operative ortho-
dontics to achieve significant dentofacial correc-
tion.”> Before undergoing orthognathic surgery,
patients receive preoperative orthodontic thera-
py to reveal the actual skeletal discrepancies and
align the maxilla and mandible for a stable sur-
gical occlusion, thereby preventing postoperative
occlusal instability. Despite these advantages,
preoperative orthodontic treatment comes with
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notable drawbacks, leading to considerable in-
convenience for patients. Dental decompensation
involves a gradual decline in the facial cosmetic
profile and dental function during the preopera-
tive period. Preoperative orthodontic treatment’s
biggest weakness is that it takes a long time to
complete; depending on how complicated the pa-
tient’s initial dental condition was, to begin with,
it can even take up to 48 months.3

Surgery-first approach (SFA)

Also referred to as the “surgery-first-orthog-
nathic-approach (SFOA)”. The term “surgery-first
approach” refers to a course of therapy that be-
gins with orthognathic surgery and ends with
postoperative orthodontics without first under-
going preoperative orthodontics. SFOA may be
enforced using 2 methods: the surgical driven ap-
proach and also the orthodontic driven approach.
In the first method, surgical correction is used
to treat both dental and jaw abnormalities. The
latter method involves surgically correcting jaw
distortion and using orthodontics to cure den-
tal deformity. The modified-surgery technique
is used when preoperative orthodontic therapy
lasts for less than six months.'* ** The reduced
treatment duration has been a key factor in the
prevalence of surgery-first orthognathic,'” anoth-
er advantage is the improvement in facial profile
right away from starting of the treatment, high
levels of patient and orthodontist satisfaction are
related to better cooperation during postopera-
tive orthodontics and quick patient recovery.'®

While the orthodontics-first approach suggests
that orthodontic therapy begins first, followed by
orthognathic surgery, the surgery-first strategy
states that orthognathic surgery begins first.»
Orthodontics alone can address minor dentoskel-
etal discrepancies, but for more severe and sig-
nificant disparities, a combination of orthodontic
treatment and orthognathic surgery becomes es-
sential for effective and comprehensive manage-
ment. Orthognathic surgery can be performed
as a single-jaw therapy in which just the maxilla
or the mandible is operated on, but bimaxillary
(or double-jaw) orthognathic surgery must be
planned when the diagnostic information and
presurgical planning indicate that both jaws need
to be osteotomised.?® 2!

Surgical planning by virtual surgery
technology with its opportunities

A method of merging “computer-aided design
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(CAD)” and “computer-aided manufacture (CAM)”
in surgical treatment planning is known as vir-
tual surgery, also referred to as computer-aided
surgery. Al empowers surgeons to optimise skel-
etal alignments, strategize surgeries for both
soft and hard tissues and visualise and evaluate
three-dimensional (3D) images of soft tissue and
skeletal structures. It also allows surgeons to
communicate the virtual plan to patients before
the procedure.?? The science of virtual reality in-
volves building an artificial environment to eval-
uate different body parts’ anatomical regions.
This can be useful for diagnosis, planning and
surgical training.??

Virtual surgery typically comprises four stag-
es. Phase 1 is the data collection it includes ra-
diographic examinations and CT scans, as well
as clinical examinations with bite registrations
and anthropometric measurements. Phase 2 is
the planning phase that involves transferring 3D
cone beam computed tomography (CBCT) data
into specialised planning software. Phase 3 is the
surgical phase, it involves translating the digital
surgical plan to the patient using stereolitho-
graphic models, occlusal splints, cutting guide
stents, or intraoperative navigation. Phase 4 the
assessment phase, involves employing intraoper-
ative or postoperative CT imaging to assess the
precision of virtual surgical plan transfer.?? By
improving the depiction of 3D phenotypic chang-
es, virtual surgical planning has made it easier to
make precise diagnoses and thorough treatment
plans. Due to these benefits, intraoperative oste-
otomies and fixation have increased osteotomy
accuracy and considerably reduced preoperative
surgical planning.’®* CBCT scan is preferred for 3D
scan, CBCT is a method for acquiring medical im-
ages and a cone-shaped X-ray beam is focused on
atwo-dimensional (2D) detector. Two CBCT scans
were collected using the “i-CATTM equipment,
version 17-19 (Imaging Sciences International,
Hatfield, PA, USA)” one preoperative (taken two
months before orthognathic surgery) and one
postoperative (taken one month after surgery).2*

Orthognathic surgery falls under the scope of
oral and maxillofacial surgery and orthodontics
that tries to correct dentofacial defects by mov-
ing the maxillomandibular complex into a more
functional, balanced and aesthetically acceptable
posture. Because of the procedure’s complexity,
the accuracy of surgical planning is essential.
The adoption of 3D virtual planning techniques
and the creation of prototyped splints are made
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possible by developments in imaging, planning
software and prototyping technology. In order
to better understand the link between the dental
arches and the surrounding bones, virtual surgi-
cal planning (VSP) provides new opportunities.
When compared to traditional surgical planning,
this method offers several benefits, including
the ability to visualise deformities and asymme-
tries that are occasionally missed, the freedom to
simulate various surgical procedures to achieve
the best possible patient outcomes, the ability to
identify potential complications and simplicity
in assessing and adjusting the centric relation in
the temporomandibular joint.?® At the end of the
1980s, 3D virtual planning software packages
with virtual operating rooms (VOR) were intro-
duced. Significant advancements in these soft-
ware modules have been made possible by the
IT revolution (2000s). The doctor can document,
analyse and plan orthognathic surgery using a
face skeleton model due to the reconstruction of
“digital imaging and communications in medi-
cine (DICOM)” files in a VOR. Dental models and
software to analyse the soft tissue surface of the
face’s soft tissues were also introduced.?® A pre-
intervention survey is performed to evaluate
training requirements and a postintervention
feedback survey to assess the system’s effective-
ness, usability and acceptability was utilised to
assess the validity of VR surgery.?”’” Because of
technological advances, particularly 3D print-
ing and VSP, this field has grown and improved
significantly. The advancement has significantly
enhanced preoperative preparation, leading to a
more streamlined journey from pre-surgery to
post-surgery. While patients might incur extra
expenses, the benefits include reduced operative
duration and shorter hospitalisation periods. Fu-
ture research could concentrate on a cost-benefit
analysis to determine whether virtual planning
reduces total health-care costs.” VSP has proven
to be accurate and results in better clinical out-
comes as compared to the traditional model sur-
gery.”® Both the traditional and the new 3D vir-
tual method operate on the same principles. The
objective remains to provide the greatest possi-
ble outcome for improved patient care.?’

Implementation of Al software in
orthognathic surgical planning

The surgical approach employed and the preci-
sion with which the surgical plan is carried out
determine how well an orthognathic procedure
goes. Two crucial and fast developing topics of
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study are virtual planning and computer-assist-
ed surgery. Computer-assisted surgery (CAS) is
the practise of performing or planning surgery
with the aid of cutting-edge technology. The use
of software analysis, virtual planning, sophisti-
cated imaging fast prototyping technologies, ro-
botics and image guiding systems are some exam-
ples of these techniques.?® Hirsch first made CAS
for mandibular reconstruction available in 2009.
Since then, it has become more and more popu-
lar. The terms fast prototyping “computer-aided
design” and “computer-aided manufacturing”
are also used to describe it.?! For orthognath-
ic (jaw realignment) and temporomandibular
joint (TM]) surgery, facial trauma, implantology
(dental implants) and maxillomandibular recon-
struction, craniofacial surgery (CMF) and den-
tistry currently use CAS most frequently.?? After
a model operation is designed, the production of
surgical splints on dental casts is the most com-
mon method for transferring the desired new re-
lationship of the jaws.33

There are a variety of software programmes
for CAS and some of them enable internal CAS
to be carried out using database images (CBCT,
intraoral scans) and with the creation of a sur-
gical splint it is then transferred to the operat-
ing room.** Few software available for planning
of orthognathic surgery are enlisted in Table 1,
which include the Dolphin imaging (version 11.9,
California, USA),*-*” Dolphin imaging (11.95,
USA),*® Proplan CMF (Leuven, Belgium),3 39-42
Proplan CMF (Materialise CMF, USA),*® ITK-SNAP
(3.4.0, USA),**** Dentofacial Planner Plus (USA),3®
37,4648 SurgiCase (5.0, Belgium),* SurgiCase-CMF
PRO 1.2 (USA),*° 3-matic (Belgium),>*>2 3D Slicer
(4.5.0-1, USA),*>535% OrthoGnathicAnalyser (2.0),°>
6 Maxilim (Belgium),3* 5> 5758 [PS CaseDesigner
(2.0.4.2, Germany),*” >* VRMesh (USA),>* % Nemo-
Fab (Spain)®"®? and Autodesk MeshMixer (USA).3>
1 Dolphin 3D imaging software helps to enable
CBCT volumes to be oriented and selectively
cropped and allows linear measurements of the
joint space and volumetric analysis of changes in
condylar volume.®*%* The “Houston Methodist Re-
search Institute’s Surgical Planning Laboratory”
has created a computer aided surgical simulation
(CASS) protocol tailored specifically for orthog-
nathic surgery. The CASS protocol is discussed
below in detail. There is a modified CASS method
that uses extraoral photographs in the natural
head position (NHP) taken with a camera’s built-
in gyroscope to achieve the same accuracy as the
regular CASS method.®®
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CBCT images were taken prior and post orthog-  simulations and has been adapted for use in or-
nathic surgery for the assessment of mandibular  thognathic surgery to make cephalometric anal-
anatomy and position. CBCT images have revolu-  ysis, surgical simulation and splint fabrication
tionised orthodontics by computer-aided surgical  easier.®* ¢ CBCT scanners produce high-resolu-

Table 1: Software for orthognathic surgery planning

: Statistical —
Software Version Country Data analysis Application Ref.
Each patient had cone-beam Generate 2D or 3D visualisa-
CT scanning and using STL — tions, preoperative testing, .
Proplan CMF format the scanned data is Paired t-test analyse postoperative results 35,39-43
imported into the software. and refine surgical plans.
Dentofacial Compared with CBCT scan of Chi-square test, me'.le _analy3|s, tregtment 36, 37,
Planner Plus initial one of the patients ANOVA and the predlctlon . prgzdlct the 46-48
’ Tukey test postsurgical profiles.
It uses an algorithm based on
e e g A A
the flexibility to adjust Friedman test prof g 35-37
) ) a primary focus on the 2D
hard-to-soft tissue ratios midline and upper i
. . to accommodate variations ppertip.
Dolphin Imaging among different patients.
Lateral cephalograms, hori-
zontal measurement, vertical )
measurement and 3 angular Student’s t-test Ag:fzﬂﬂg srlfaetlﬁitglsﬁl:agges 38
measurements of the patients P d gery.
was analysed.
CAS was performed on
232%?;5“’;2 ::r:\;%?%? of Evaluation of orthognathic
the maxillofacial skeleton . Zg::%lf: (! outcomes and 49
and lower extremities were y
performed.
Surgi Case
Preoperative multi-slice
imaging data were acquired Used to calculate postoper-
using a CT unit, stored in g,lg t?]%n%Eé'SVItﬁX’ ative simulation of the soft 50
DICOM format. It uses a ercentile tissue and helps to simulate
physically based, previously p any movement.
published simulation module.
This software serves as a
Data is collected through preprocessing tool, enabling
CBCT scan of patients, the users to perform tasks such
3-matic software allows for various Student’s t-test as repairing, preparing geom-  50-52
analyses and simulations on etry, remeshing and making
the patient's 3D models. design modifications directly
on the mesh data.
Before the surgical proce-
dure, all the participants This tool is utilised for the
underwent preoperative segmentation of structures
ITK-SNAP scanning for virtual surgical STATA 14.2 in three-dimensional (3D) 44,45
planning and follow-up scans and four-dimensional (4D)
were performed one week biomedical images.
later.
The software is designed
for visualising, processing,
segmenting, registering and
analysing medical, biomed-
3D Slicer CBCT scan of patients. STATA 14.2 ical and other 3D images 45,53, 54

and meshes. Additionally, it
facilitates the planning and
navigation of image-guided
procedures.
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Ortho Gnathic

Using six confirmed
cephalometric landmarks,
the 3D augmented virtual

Analyse and improve 3D

Analyser 2 - head model was placed in its IBM SPSS software Ipillranghnrg:rccuracy in bimaxil- 55, 56
anatomically natural position y surgery.
before the surgery.
This tool is employed to cre- 39.55. 57
Maxilim - Belgium CBCT scan of patients. IBM SPSS software  ate a 3D virtual head model 8‘ e
with augmented features.
Wizard-based approach for
case setup and planning,
IPS Case Designer 2.0.4.2 Germany  CBCT scan of patients. t-test Real-time soft tissue 37,59
simulation, 3D Cephalometric
analysis.
The models are scanned us-
ing an intraoral scanner and : '
VRMesh . USA thenimported into VRMesh one-sample  Used o evaluate the real e 59 g
in the stereolithography (.stl) quallty '
format.
NemoFab - Spain CBCT scan of patients. - Surgical planning software. 61, 62
Enables the surgeon to pre-
) cisely analyse and strategize
ﬁ/;;)t((:z‘rmk Mesh - USA CBCT scan of patients. - the surgical procedure and 35, 61

is capable of performing
Boolean operations.

ANOQVA: analysis of variance; M: mean; SD: standard deviation, SE: standard error of mean; CBCT: cone beam computed tomography; CAS: computer-assisted
surgery; DICOM: digital imaging and communications in medicine; Ref.: reference number;

tion images while using less radiation than spiral
CT scanners. In order to assess the complex den-
tofacial structures, 3D CBCTs are the preferred
technique. The limitations of the two-dimen-
sional quantitative and qualitative evaluation of
surgical displacements can be overcome by using
cone-beam computed tomography and three-di-
mensional imaging technologies.®” ®® There are
numerous reported uses for CBCT in the fields of
orthodontics and maxillofacial surgery, including
the identification of impacted teeth and the eval-
uation of implant sites.®® Postoperative CBCT im-
aging was taken within 4 weeks of the surgery.”

CASS protocol

Through the use of CASS software, orthognath-
ic surgery’s effectiveness and precision in treat-
ing dentofacial deformity have been greatly in-
creased.”” CASS clinical implementation entails
the following four steps: 1) gathering preopera-
tive information, 2) data processing, 3) surgical
planning and 4) plan execution itself. Typically,
a surgeon handles the first and third processes;
however, the other two might be delegated to a
specialist or an independent service provider.”?

Preoperative data collection

Preoperative data are acquired in this stage
during an hour-long session. Eight steps make

up this appointment: (1) taking dental impres-
sions; (2) bite-jig fabrication; a patient-specific
bite-jig is created by adapting a stock jig frame
to fit the patient’s teeth. The number of impres-
sions required for the planning process depends
on the type of surgery (Figure 1). Until the fabric
is cured, the jig is maintained in place between
the patient’s teeth. This bite registration should
be taken in centric relation (Figure 2). (3) Clin-
ical measures are taken and the measurements
required for clinical planning are noted. The fol-
lowing are some examples: (a) “rest-incisal-show”
and “smile-dentogingival-show”, which are used
to determine the maxilla’s vertical position; (b)
dental midpoint (midline) deviations, which are
used to determine the position of the transverse
jaw; and (4) clinical photography, in which the pa-
tient’s face and teeth are captured on camera. Fa-
cial images should be shot with the patient in the
NHP position and a plumb line in the backdrop so
that the proper alignment of the face may be con-
firmed afterwards. (5) Recording the patient’s
NHP, which is necessary for the creation of an an-
atomical reference frame. The goal of these pho-
tographs is to confirm that the virtual head model
is correctly oriented for planning. A bite-jig is put
between the patient’s teeth and has a sensor at-
tached to it. It is requested that the patient stand
straight and place their head in NHP. Lastly, while
in this position, the sensor’s pitch, roll and yaw
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are recorded; (6) confirming that the models and
the bite-jig are accurate by testing the fit of the
stone dental models on the bite-jig, which is done
by a surgeon or an assistant; (7) after obtaining
a CT scan, or ideally a CBCT scan, the patient is
fastened to the bite-jig, which is then attached to
the fiducial registration face-bow. The patient is
told to maintain relaxation in his or her facial soft
tissues while being scanned.”

Data processing

The procedure may be carried out by the surgeon,
a third-party service provider, or a member of the
clinic or institution who is knowledgeable about
CASS planning. The procedures for processing
data consist of; (1) construction of a virtual mod-
el of a composite head - the first stage is to cre-

( N

Figure 1: Computer aided surgical simulation (CASS) protocol -
bite-jig model

Fare-bow b aftachedto Ntef g
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Figure 2: Computer aided surgical simulation (CASS) protocol -
patient employing bite-jig
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ate a model that accurately depicts the teeth, soft
tissues and skeleton. The midface model, soft tis-
sue model, mandibular model and fiducial mark-
er model are four distinct and correlated 3D-CT
models that are created. (2) Using the fiducial
face-bow as a reference, an anatomical reference
frame is created for the head model and the NHP
of the computer model is created by utilising
the recorded roll, pitch and yaw to the face-bow
frame. (3) Digitisation of all cephalometric land-
marks and completing a cephalometric analysis
are regarded to be essential diagnostic proce-
dures for identifying the most effective therapy
approach.® Any sort of cephalometric analysis
can be requested by the surgeon, but he or she
should be aware that 3D cephalometry is signifi-
cantly more complicated than 2D cephalometry.
(4) Creating the virtual osteotomies - carry out
virtual genioplasty, Le Fort I osteotomies and
mandibular ramus osteotomies eg; establishing
the final occlusion. (5) The final occlusion that
the surgeon chose is etched on the stone dental
models. This stone models are initially converted
into the final occlusion using the surgeon’s gen-
erated bite registration. The models are then all
simultaneously scanned with either a high-res-
olution optical surface scanner or a CBCT scan-
ner. After segmenting the scan, a 3D image of the
upper and lower teeth in their final occlusion is
produced. The “final-occlusal-template,” as the
produced image is known, is loaded into the
planning tool and used as a guide to articulate
the jaws in final occlusion. Positioned in line with
the upper teeth of the “Le Fort I” segment are the
upper teeth of the final occlusal template. After
that, the distal mandibular segment is adjusted
so that the lower teeth line up with those of the
template. The template can be aligned to one jaw,
then the other jaw to the template because the
template’s upper and lower teeth are in final oc-
clusion. This will automatically align both jaws
into final occlusion.”*73

Surgical planning

Using CASS software, this is accomplished on a
computer. A surgeon can complete the process
alone or with the help of a planning professional
familiar with the programme (Figure 3). To make
sure that the data processing is accurate, the
planning process starts with a checklist. The fol-
lowing items are included on the checklist: (1) Is
the anatomical reference frame defined correct-
ly? (2) Have all of the cephalometric landmarks
been accurately digitalised? (3) Are all virtual
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osteotomies correct? (4) Is the final occlusion
accurate? Even when mandibular surgery is per-
formed initially, the maxilla should always be the
first part of the CASS planning for any double-jaw
surgery. This is because the surgeon is more con-
fident where the maxilla should be positioned
than the mandible.”

The first step in correcting maxillary abnormal-
ities is to verify the alignment of the teeth sym-
metrically with respect to the midsagittal plane.
Three transformations are necessary for sym-
metric alignment, including normalising trans-
verse position. The maxillary incisal midpoint
is transversely translated onto the midsagittal
plane, normalising roll. (1) Roll rotation pivots
the maxilla around the incisal midpoint, nor-
malising yaw rotation, which pivots the maxilla
around the incisal midpoint. (2) Normalisation of
vertical position: The maxilla’s vertical position
is adjusted. The planner adjusts the maxilla for-
ward or downward to place the incisal midpoint
optimally in relation to the upper lip stomion.
(3) Pitch normalisation - maxillary pitch is ad-
justed. The planner adjusts the maxilla’s pitch by
rotating it around the incisal halfway. Maxillary
pitch rotation affects the size of the airway, the
projection of the anterior nasal spine, the projec-
tion of the chin, the inclination of the maxillary
central incisors and the inclination of the maxil-
lary occlusal plane. All of these factors must be
taken into account when determining the best
maxillary pitch for a particular patient. (4) By
aligning the maxilla in anteroposterior position,
the anteroposterior position is normalised. This
correction is performed last since earlier chang-
es could have an impact on how far the maxilla is
advanced.”?

Additionally, it involves aligning the proximal re-
gions of the jaw and correcting mandibular abnor-
malities, rotation of each proximal segment about
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the axis of its condyle to align it.”? Then, chin de-
formities must be corrected. This assessment is
crucial because the movement of the mandibular
distal segment changes the position of the chin.
Planning progresses to the last phase. In both
cases, the planner should execute a genioplasty
by changing the chin piece until the outcomes are
satisfied, depending on whether the chin is nor-
mal or incorrect.”?

Finally, with the aid of the planner, the residual
final symmetry is examined. In improperly sym-
metric mandibles, symmetry is preserved by put-
ting the distal mandible in final occlusion. The
patient’s intrinsic mandibular asymmetry could
not be fixed even after the distal jaw is brought
into final occlusion. Finishing a final symme-
try assessment on every patient is crucial since
low to moderate degrees of inherent asymmetry
could not be obvious to the eye.”

Preparation for plan execution

Preparation of the tools required at the time of
the surgery for transferring the computerised
surgical plan to the patient is the last step of
the CASS protocol. Usually, a third-party service
provider is hired to handle this. The tables and
graphics that show the intended movements, in-
cluding mapped areas of collision, are created
and displayed during surgery to direct the pro-
cedure.”?

The implementation of VSP with CASS has sig-
nificantly enhanced the accuracy and efficiency
of orthognathic surgery for dentofacial deformi-
ty correction. The use of technology has allowed
for improved preoperative planning, resulting in
better outcomes for patients.

Challenges encountered during surgery
Major challenges faced during orthognathic sur-

-

Figure 3: Orthognathic surgery
plan using computer aided sur-
gical simulation (CASS)

.
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gery are: (a) Patient age in relation to surgical
timing - the skeletal repositioning component
of orthognathic therapy is often performed af-
ter the majority of face growth has taken place.
When a patient is ready for surgery, skilled teams
frequently start orthodontic preparation therapy
at an age at which they are unlikely to have any
considerable remaining growth potential. There
is a lack of information regarding the ideal time
to do surgery on patients who are still growing
and itis unclear how such surgery may affect sub-
sequent growth.”* The other big challenge is (b)
psychosocial evaluation - the patient with under-
lying psychological and/or psychiatric difficul-
ties is one of the biggest hurdles in orthognath-
ic surgery, especially when such problems are
not identified until the postoperative period. To
overcome such problem every orthognathic team
should ideally have a clinical psychologist or liai-
son psychiatrist who is knowledgeable in the sub-
ject to evaluate patients before treatment and as
needed throughout therapy. Pre-treatment body
dysmorphic disorder (BDD) screening tools, like
the “Body Dysmorphic Disorder Questionnaire
(BDDQ)”, should be a common procedure.”* Major
disadvantage associated with virtual planning
can be such that, the 3D virtual treatment plan-
ning viewer format requires a good graphically
capable personal computer workstation, which is
currently not standard. This issue will soon be re-
solved by the increasing graphic ability in recent
commercially accessible personal computers.”

Orthognathic surgery-related

complications

Despite the fact that the majority of patients un-
dergo orthognathic surgery for cosmetic reasons,
postoperative functional issues are more fre-
quently experienced after cosmetic changes. Pa-
tients must therefore carefully consider whether
having orthognathic surgery will serve an aes-
thetic or functional goal. The 3D soft tissue al-
terations after orthognathic surgery have piqued
the curiosity of doctors and patients alike.”®

Orthognathic surgery can result in a wide range
of problems. Intraoperative complications include
haemorrhage and bad split/segment fractures.
When the “inferior alveolar, superior alveolar,
maxillary, retromandibular, facial and sublin-
gual vessels” are injured, it might result in severe
bleeding. Bad split/segment fractures, like buccal
plate fracture, “distal segment lingual fracture”
can occur.”’ As the population ages and medical
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science and technology advances rapidly, health
systems around the world are facing immense
pressure to provide high-quality care to patients
while demand and costs of health services con-
tinue to grow.”® It has observed that with the use
of ultrasonic curettage device there is decrease
in intraoperative blood loss and calculated blood
loss in orthognathic surgery.

Conclusion

Early orthognathic surgery involves the con-
ventional approach also called as the orthog-
nathic first approach and the surgery first ap-
proach. In contrast to the orthodontics-first
strategy, which means that the orthodontic
treatment comes first, the “surgery-first ap-
proach” implies that the orthognathic surgery
comes first. Virtual surgery, also known as
“computer-aided surgery”, is a technique that
combines CAD and CAM into surgical treat-
ment planning. Virtual surgery involves 4
phases data collection, planning, surgical and
assessment. By improving the depiction of 3D
phenotypic changes, virtual surgical planning
has made it easier to make precise diagnosis
and thorough treatment plans. CBCT images
should be taken prior and at the end orthog-
nathic surgery for the assessment of mandib-
ular anatomy and position. In order to assess
the complex dentofacial structures, 3D CBCTs
are the preferred technique. CASS is clinical-
ly implemented in 4 steps: collection of pre-
operative records, data processing, surgical
planning and preparing for plan execution.
Basic steps are: first the facial photographs
are taken with patient in the NHP, creation of
virtual model, 3D cephalometry, correction of
maxillary, mandibular and chin deformities
and transferring the computerised surgical
plan to the patient. Patient age and the psy-
chological and/or psychiatric difficulties can
be the challenge for surgery. Other challenge
is it requires a personal computer workstation
with good graphic ability. Haemorrhage and
bad split/segment fractures are the various in-
traoperative complications associated during
surgery. To overcome the challenges of early
orthognathic surgery and for effective plan-
ning of surgery different software are being
employed such as Proplan CMF, Dolphin Imag-
ing, SurgiCase, 3-matic, ITK-SNAP, OrthoGnath-
icAnalyser etc. Use of digital tools will have

an immense impact on orthognathic-surgical
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treatment plans ranging from diagnosis to fol-
low-up treatment. Software has the ability to
learn from every real-life case and further im-
prove its performance.
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Introduction

"All human life is nothing but a journey to death."
- Seneca

The word euthanasia is of Greek origin. The word
“eu” means good and the word “Thanatos” means
death.! When combined etymologically they
mean a good, peaceful and gentle death. It was
also called “mercy killing”, that is when some-
one cannot be helped in any other way, so that
they won't suffer anymore.? Consequently, all as-
pects of euthanasia involve the fields of bioethics
and suicidology. Euthanasia has no persistent,
nagging clumsy implications as death occurs in
calmness and dignity. The imperativeness of le-
galising euthanasia lies in cases where treatment
is futile. Even palliative care in a hospice no lon-
ger helps and an individual essentially vegetates,

deprived of the social dimension and quality of
life. At such a stage, as the priest at the funeral
says, such an individual suffers from “death ago-
ny” as their soul is in their nose.? Although death
itself does not have to be painful, a dying person
in modern times may be given strong analge-
sics to alleviate any discomfort. They may also
undergo procedures such as injections, prepa-
ration of veins for infusion, or transfusions and
be connected to medical devices.* However, if the
person is not unconscious or in a coma (without
having been induced), they may still experience
some degree of pain and suffering as they ap-
proach the end of their life. Despite attempts to
manage their pain with various pharmacological
interventions, these efforts may prove ineffec-
tive and inadequate. Healing cannot be assumed
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or predicted, as doctors in the intensive care
unit have experienced. Doctors who make pre-
dictions about a patient’s lifespan, whether it be
months or days are disrupting the potential for
their survival.® This is referred to as vitium artis,
denying someone’s recovery. Additionally, many
patients fear being buried alive or in a cremato-
rium. Euthanasia, also referred to as “assisted
suicide”, is a procedure carried out when an in-
dividual is in close proximity to death. A well-
known statement by the Greek philosopher goes,
“I am not afraid of death - when I am here, it is
gone and when it comes, | am gone”.® Euthanasia
can be categorised into three types based on the
cause, consent or intention. With respect to the
cause, euthanasia can be passive, active, volun-
tary or involuntary.

Active euthanasia is generally understood to
take place in a medical setting and involves in-
tentionally ending a person’s life, as well as that
of animals.” Passive euthanasia, on the other
hand, is typically used to refer to the withhold-
ing or withdrawal of necessary treatment for the
purpose of protecting and preserving human life.
This can include decisions to prolong life or to
not provide treatment. The moral distinction be-
tween active and passive euthanasia is that the
former involves causing a person’s death, where-
as the latter involves allowing them to die.?

Voluntary euthanasia incorporates two sub-
terms: it refers to the act of dying at the request
of a terminally ill person. Testamentary eutha-
nasia, a type of voluntary euthanasia, is when a
person gives instructions on how they want to
be treated in the event that they are unable to
express their wishes due to illness or injury. It’s
crucial to note that during times when a patient
is unable to communicate their desires, due to a
severe illness or trauma, the patient’s wishes are
of utmost importance.’

Involuntary euthanasia refers to the death of an
individual who did not consent to it. Such an act
is necessarily regarded as criminal homicide.
Some patients view death as the natural conclu-
sion to the events of their life. Such individuals
are not interested in expediting their death nor
are they inclined to delay it. Death, for them, is
a mystery that they approach with equanimity.°
Doctors may deem it necessary to intervene in
certain circumstances. Medical science has its
limitations. Distinctions exist between active
intervention by a doctor to end life and the deci-
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sion not to prolong life (decision not to treat). Pa-
tients may request either course of action, while
also having the right to refuse or consent. There
are instances in which an individual is unable to
make a decision. Dysthanasia serves as the an-
tithesis of euthanasia, meaning it is a term that
refers to the provision of treatment that is futile
and results in a prolonged period of suffering.!!

Attitudes towards euthanasia vary worldwide
when comparing criminal procedures for eu-
thanasia, mercy Killing and assisted suicide. It
can be inferred that there are divergent legal
approaches, particularly in European countries.
Patient autonomy is a crucial aspect of informed
healthcare and it is most effectively achieved
through a relationship of trust and openness be-
tween the doctor and patient.!?

Discussion

“He who fears death will never do anything worth of a
man who is alive.”
- Seneca

Euthanasia throughout history

It was first recorded around three hundred years
before Christ. In the Greek literature, euthanasia
is a rare term, in the theatre work “Ant” by the
Greek comedy writer Posidiopo. In the Roman
Empire, according to historians, Cicero was the
firstwhomentionseuthanasia.Inthe Renaissance,
under the influence of antiquity, the art of dying
“ars moriendi” was developed. In the modern age,
during the 18th century, doctors did not agree
to euthanise seriously ill patients. In 1903, the
New York State Medical Association came out
accepting and supporting euthanasia.'®* At the end
of the 19th century, euthanasia became more and
more topical. A lot of literary works were created
on the subject of euthanasia and its problems.
During the Second World War, euthanasia
“flourished” despite the fact that everything was
done secretly and illegally.'* In 1952, a request
was sent to the United Nations (UN) to recognise
and approve euthanasia. In 1984 the Congress
of the International Association for the Right
to Die was organised in Nice. The legalisation
of euthanasia has been requested many times,
especially often in Great Britain and the USA,
but so far the requests have been unsuccessful.
In 1976, the Council of Europe adopted the right
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of patients not to suffer uselessly. Euthanasia
is not approved in Norway and Uruguay, but it
is not punishable. Certain forms of euthanasia
or assisted suicide are currently legalised in a
minority of countries in the world such as: the
Netherlands, Belgium, Luxembourg, Switzerland,
Australia, New Zealand, Canada, Spain, while
palliative sedation is allowed in France.’

Hospice and palliative care needs

Other assistance in alleviating pain and suffering
in the terminal phase of the disease may be
considered in accordance with human dignity.
Thereareinstitutionsthattake nursingof patients
in the terminal phase of the disease, taking into
account their individual needs. Care of terminally
ill patients mostly comes down to reducing pain
and suffering. Therefore palliative care has also
a holistic approach to the patient. The role of the
hospice approach is interdisciplinary. Part of
caring for the patient also belongs to the family
itself.!® Undisputed values of palliative care
and hospice are fundamental assumptions and
visible factors in the scope of activities of various
centres and in understanding the point of view
of providers of services to the dying persons.
Everything is interconnected and networked.
Candidates for euthanasia actually mostly live
on the last, final border of physical life and
death. Some can stay that way for a long time."”
Therefore, death fascinated and worried even
primitive people and they tried in many ways to
naively prevent, postpone and deny it. In 2014 the
World Health Organization Assembly approved a
resolution on “Strengthening palliative care as
a component of comprehensive care throughout
life”.'8

Views of religions on euthanasia

From the Church’s point of view, abortion is also
euthanasia (not voluntary), by the request and
begging of the mother, because according to the
dogmatic postulate of the Church, life begins with
conception. The mercy of euthanasia, Pope John
Paul II. declares it to be false pity, since true pity
does not kill, but stands in solidarity with the
sufferer.’” Euthanasia has a controversial history
and calls into question the central belief of the
Judeo-Christian tradition, which is the “sanctity
ofhumanlife”. Because itis seen as a gift from God,
taking a life is forbidden and severely punished.
In the eyes of many believers, euthanasia is still a
form of a murder. Numerous world religions are
currently dealing with the issue of euthanasia.?°

047

Dilemmas about euthanasia

Euthanasia as a term itself together with eve-
rything it represents becomes the subject of
constant and rather controversial discussions.
This is the case with every conscious human, who
distinguishes “Good from Evil”, because he has a
superego and an ego.?!

The mythological-religious-philosophical, psy-
choanalytical term “Thanatos” is an integral part
of the word euthanasia. It is one of the cardinal
things, along with the context of freedom,
bioethics, ontology, battles, being, epistemology,
coexistence and other terms and disciplines.
Philosophy cannot avoid such contents that
preoccupy euthanasia: desire, freedom, will, plea
for a solution to the human final event.??

In the past suicide survivors were penalised in
some countries. It was forbidden to bury suicide
victims on the consecrated soil of the cemetery.
Antigone’s concern for her brother’s burial is a
striking ancient example. By suicide, the state
(society) is deprived of its member in which it
was invested from the Church of it benefactors
and procreation believers. The legalisation of
euthanasia is not allowed in some countries for
similar reasons.?® Euthanasia is decided by the
team that takes care of the terminally ill patient,
whohasagreedtostopthetreatmentifitnolonger
makes any sense according to medical principles
and experience and the ineffective available
drugs and means. Pain that becomes refractory
to analgesics, like strong drugs (cocaine, opium,
etc) and no quality of life exists anymore. He is
deeply depressed and disillusioned, resigned,
indolent and ignorant of any joys and happiness in
life. Sometimes the problems that arises are too
difficult even for the doctors themselves.?* The
deep seated adherence of law (jurisprudence)
to the intention, rather than the consequences
themselves, is an important reference point in
the moral assessment of any action.?® In ethical
discussions about euthanasia, the focus is
often and exclusively on the involvement and
responsibility of doctors, while the involvement
of nurses is rarely given much attention.
Although, euthanasia can be part of a medical
end of life decision. Nurses are greatly involved
in the issue. Nurses and technicians are the ones
who are involved in the care of dying patients
every day.?® Abuses, arbitrary decision of the
euthaniser, corruption in the form of bribery of
the euthaniser (deprived of ethics), by relatives,
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who want to get possession of a rich inheritance
as soon as possible and dying only burdens them,
supposedly.?” Voluntary consent was included in
the Patient’s Rights Act. Consent is signed not
only by those referring to euthanasia, but by all
patients who consent, for example, to a surgical
procedure or other operation, a more risky
treatment. The purpose of the consentis to insure
the medical staff and the institution against
involuntary liability and possible lawsuits.?%2°

Cloning is also one of the ways of extending
one’s genes into eternity, only the person is not
a product of biology only, but also of all external
factors. Pedagogical, sociological circumstances
and influencingfactors. So, for example, the cloned
old genius Einstein could possibly never become
a new Einstein.?* The misuse of euthanasia as
an excuse for the Holocaust was part of the Nazi
policy of eugenics.3!

Latent suicides agree with the death penalty
and euthanasia so that they don’t have to kill
themselves, because that brings stigma.*?
Euthanasia does not, but suicide carries a stigma,
which means shame in front of society and for
the family. For mercy or other reasons, assisted
suicide is in contrast to the former criminal,
illegal murder, as well as the legal - death penalty.
Abolished in many countries by publication due
to the principle of jurisprudence.*® Unrealistic
expectations are common in artificial attempts
to prolong the mostly unnecessary treatment
of sick persons deprived of a social sense of the
usefulness of living in many ways that prologue
the previously mentioned processes of dying.3*
In addition to bioethical deontological, medical,
etc attempts to preserve dignity, it is important
to take into consideration the more realistic
individual state of the dying, in order to identify
areas of special importance and value for the
mentioned contexts and narratives in procedures
before euthanasia.?® Determination of the
objective state of affairs and the contemporary
euthanasia situation is inevitable, in order to
really help the dying, before euthanasia itself.*®
Patient aware of the inevitable end and his
torments in pain and weakness, loss of reason,
ability to live, wanted to participate in his death
actively, with his own hand and even with the
help of someone else’s. If he was no longer able or
he didn’t have the will, courage and ability to do
it. The idea of euthanasia developed early.
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There are also economic, material causes of
attempts to end life.3” Attitudes why people
support or do not support euthanasia cannot be
reduced to certain principles or arguments, but
maintain an integrated assessment of a series of
considerations, based on personal priorities and
experiences.?® Some countries of the European
Union; Belgium and the Netherlands legalised
euthanasia in 2002 and until recently were
the only countries in Europe.?* We live fast in a
modern society, where technology and medicine
are advancing every day offers more and more
hope to seriously ill patients and the majority of
society believes that euthanasia should not be
legalised yet. Euthanasia is the subject and topic
of many studies and philosophies. The attitude
towards death changes in different cultures and
historical periods. Man could never be indifferent,
come to terms with his disappearance from the
face of the Earth into nothingness.*° The financial
and economic aspects of euthanasia should not
be ignored either, although in advanced countries
(such as Switzerland and the Netherlands) the
execution of euthanasia is expensive and the
applicants are mostly wealthy clients.*!

Conclusion

e )
Different views exist concerning euthanasia,
making it challenging to create a global team
of professionals in the near future. Legalisa-
tion of euthanasia exists in some countries,
while ethical and religious principles may lim-
it it in most other countries. Although living in
a modern society, legalising euthanasia raises
many doubts and creates more questions than
answers. One of the dilemmas is, for example,
the criteria for candidates for voluntary eutha-
nasia. Apart from their wishes, expressed in
writing, publicly and officially, it's about their
mental health and the ability for that act.

We believe in the premise that human life is of
great value and should be loved and protect-
ed. We accept that individuals have the right
to decide what doctors will or will not do. But
the question is, is this right absolute or is it a
question of the limits of autonomy. Scientists
approach death rationally, yet the existence of
certain positive effects leaves a lot of room for
some future theoretical developments.

. J
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Introduction

Georg Bartisch (1535-1607) is projected as the
founder of Ophthalmology in Germany (Figure
1a). Although he had not received an academic
medical education and belonged to the circle
of the barber surgeons his accomplishments in
ocular surgery secured him a place in history.
He had begun his apprenticeship since the age
of 13 gradually developing amazing skills in
ophthalmology, being considered as a pioneer in
this field.In 1588, he became the official oculist of
Duke Augustus I of Saxony (1526-1586).! During
his medical career Bartisch wrote two important
treatises. The first, published in 1575 about
lithotomies under the title “Art book in it is the
whole thoroughly right definite report and proof

and instruction about hard painful tearing pain
embarrassing bladder stones” (Original German
title: Kunstbuch derinnen ist der gantze griindlich
volkommene rechte gewisse bericht und erweisung
unnd Lehr des Hartenn Reissenden Schmertz
hafftigenn Peinlichen Blasenn Steines) had not
received a great acceptance by the medical cast.?
The second one though, a book about eye diseases
and ocular surgery gained inordinate fame. Titled
“Ophthalmodouleia, this is eye-service: newer
and successive report of causes and findings
of all afflictions and defects of eyes and face”
(Original German title: 0OOAAMOAOYAEIA, das ist
Augendienst: newer und wolgegriindter Bericht von
ursachen vnd Erkenntniis aller Gebrechen Schéden

Copyright © 2024 Lagiou et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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und Mdngel der Augen und des Gesichtes), published
in 1583, it became the first ophthalmology book
written in German (Figure 1b).3

Figure 1: The Barber Surgeon Georg Bartisch (1a) and his treatise
OPOANMOAOYNEIA (Ophthalmodouleia), Stickel, DreBden,
1583 (1b)

This historical vignette aimed through docu-
mentary research to review and present the
majestic figure in ophthalmology Georg Bartisch,
recording simultaneously his opinions in ocular
and eyelid surgical anatomy.

Georg Bartisch’s ocular and
eyelid anatomy

In his fundamental work in ocular surgery the
third chapter of the first part was devoted to the
anatomy of the eye as a human organ. Both eyes
were considered as extensions of the brain, being
parts of the central nervous system. This explains
an inner towards the outer parts of the eye
anatomic description. He believed that the most
important part of the eye was the ocular nerve.
He had suggested that the optical nerve was
being developed through the first inner ocular
tunic named retina. He had proposed a horizontal
almost oval nerve shape being extended beyond
the centre of the organ anteriorly. He had
supported the idea of various humours being
included in the eye. Thus, retina was filled by
vitreous humour, while crystal lens was filled
by crystalloid. The small size of the crystalloid
humour covered by the arachnoid tunic combined
with its eccentric place was forming the concave
shape of the anterior border of the retina. Outer

Lagiou et al. Scr Med. 2024 Mar-Apr;55(2):251-6. [l

of the retina and distantly reaching the uvea
the exists the choroid tunic. It seems that the
later included the above-mentioned anatomical
structures, while the rest of the space remained
was filled with the aqueous humour. Bartisch gave
vivid descriptions of the pupil, cornea, sclera and
conjunctiva. Cornea covered uvea, outer was
sclera which was considered as an extension of
the dura mater and conjunctiva was the outer
tunic of the eye which extended at the limits of the
ocular muscles. Regarding the ocular muscles, he
had described six oculomotor muscles, up, down,
right and left of the bulbar, two others rising
from the inner and the outer canthus (noted by
Bartisch as big and small canthus) and finally the
musculus retractorius bulbi which encircled the
ocular nerve.?

Bartisch considered the eyelids as the entity
which fortify the eyes. Each eyelid was attached
to the nose through the large canthus and
through the small one to the cheekbone. The
movement of the upper eyelids (only those were
considered as movable parts) was mentioned as a
wonderful property of the human body. Thus, the
upper eyelids were structures being moved by
muscles which arose locally, reaching the tarsus
of the eyelids, at points just below their skin fold.
Their innervation was recorded as being shared
with that of the temporalis muscles and that of
the occipital and forehead regions. Tarsus was
mentioned and the ligament-cartilage under the
skin part which gave shape to the eye.?

The first thing which is worthwhile to note that
although Bartisch’s book was written in German,
he used the Latin names for every anatomical
part of the eye, while sometimes he had also
added the Hellenic terms. He had recorded
the following terms, nervus opticus, retina or
retiformis or dugipinotooetdns (Greek), humour
vitreous or vitriformis or glacialis or valoetdng
(Greek), humour crystallinus, humour albugineus
or aqueous or voatoeldns (Greek), aranea or
ciliaris or doayvoeidns (Greek), pia mater or
tenuis membranea or secundina or Y0QO0&LONG
(Greek), uvea or acinosa or corona or otepdvny
(Greek) or iows (Greek) or mavoetdns (Greek),
cornea or xepatoedns (Greek), dura mater or
dura or crassa membrana or sclerotica or oxAnQog
(Greek), conjunctiva or adnata or émmepvroTag
(Greek), musculis (for ocular muscles).?

The second to note is that Bartisch drawn his
own-coloured anatomical sketches using flaps,
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as successive sheets one above the other in order
for the reader to acquire an in-depth perception.
By lifting the upper flap to see the subjacent
anatomical parts, reaching inner layers, tunics
and humours of the eye would have been depicted
in a profile mode. Although he had drawn some of
the ocular veins, he did not thoroughly describe
them in his ocular anatomy. The same happened
for the arteries too, which had been almost
neglected.?

Discussion on surgical anatomy
and era’s achievements

Bartisch lack of higher medical education was
replaced by superstition and the divine combined
with knowledge of the past. Both parents of the
oculist surgeon should have been God-fearing, the
surgeon himself should have been ambidextrous
so that he could easier operate and prayers
should have been used to attract God’s help and
remove magic. Magic was among the causes of
various diseases and surgeon should have been
married to dispel it. Bartisch worshiped God and
Galen. The Galenic views on anatomy dominated
his thought. Nevertheless, he had suggested
that the optical nerve was the epicentre of this
sense organ, being a projection of the brain.
Ophthalmodouleia was the first ophthalmology
textbook written for the common German people,
with the purpose to educate barber surgeon of
the time.*

Bartisch considered eyelids as the structures
which protect the eye, which in its turn originates
from the central nervous system. This is why he
had also described the anatomy of the brain in an
ocular manuscript to emphasise upon their tissue
connection. To testify his opinions, he had added
various anatomical sketches depicting from the
top of the head an open cranium to demonstrate
the brain as seen from above going deeper until
the area of the optic nerves. The optic chiasm
was an already known anatomy fact since the
antiquity,® recorded by Rufus of Ephesus (1st ¢
AD)® and Galen (2nd c AD),” (Arrington and Mart-
Ibanez, 1959) while Leonardo di ser Piero da Vinci
(1452-1519)% and Andreas Vesalius (1514-1564)°
had already illustrated it in their anatomical
drawings. Nevertheless, Bartisch failed to depict
itand the optical nerves were simply represented
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as thin straw lines which almost form an oblique
angle when they reach the inner parts of the
brain.?

Bartisch had unambiguously stated that he did
not received an academic medical education.
Therefore, his anatomy knowledge especially for
the eye was probably derived from his practical
experience. As it was almost impossible to have
dissected an eye, he had most probably performed
dissections in animal eyes. Being a practical
physician he was not interested in a detailed
and accurate description of anatomy. However,
his work contained excellent anatomical figures,
presented in a peculiar way. The plates depicting
the dissected eye, were presented as “dissected
plates” as they were named. Layers of flaps
demonstrated topographical anatomy giving
the impression and an imaginable human body
(Figure 2).10

_ ] ] Y,

Figure 2: Bartisch’s anatomical sketches of the eye using the
flap-dissected plates system of presentation, figures derive from
his book Ophthalmodouleia

Ocular anatomy by Bartisch! was influenced
by Andreas Vesalius’ anatomy book!? published
a few years earlier, filtered by Galen’s
relevant anatomical theories, even though
the contradiction that Vesalius fought Galenic
views.!* The similarities between Vesalius
and Bartisch such as the oculomotor muscles,
musculus retractorius bulbi and the descriptions
of ocular tunics and humours were obvious, but
an exact copy can’t be supported. Bartisch failed
to describe the seventh muscle enveloping the
optical nerve, but he had surprisingly displayed
excellent drawings of the six muscles, which were
better than those included in Vesalius work.™
His volition to use Latin and Greek terms for
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the anatomical parts and the use of flaps was
probably an attempt to give a more sophisticated
approach for his treatise. Bartisch himself was
ignorant of the classical languages; the Greek and
Latin phrases with which his book is larded were
probably contributed by some itinerant scholar
or perhaps an educated surgeon to allow him to
produce an appreciable self-published treatise.'®

Apart from surveying the descriptive anatomy of
the eye, itis ofimportance to examine the surgical
anatomy of the eye in Bartisch’s work, so that to
confirm the minor role that anatomy had played
in his daily practice. One third of his treatise
was devoted to the surgical treatment of various
ocular diseases, while many drawings depicted
patients and the practice of ocular operations
upon them. Meanwhile various surgical tools
and apparatuses were also demonstrated.? Thus,
surgical operations, as those of cataract and
tumour excisions attracted attention. Regarding
cataract surgery which was the commonestin the
era'® (Heinrich, 1916), he had been performing
it by using the couching method. Although
Antyllos (1st half of 2nd ¢ AD)'” and Abu’l-Qlsim
Ammar ibn Ali al-Mawsili (9th - 10th ¢ AD)*® had
introduced the suction method, Bartisch was
among the pioneers who followed the couching
method. He was capable to introduce a fine
needle temporally from cornea to conjunctiva,
then by turning it forward, he could reach the
crystal lens, pushing it downwards. He had
underlined how dangerous this operation was, by
mentioning a cluster of symptoms like massive
haemorrhage, severe pain, oedema, tearing and
photophobia.? It appears that anatomy was only
respected for operation to be as successful as it
could be and had not been taken into account its
complexity. Anatomy existed in such an extent to
only help ocular surgeon to reach crystal lens. As
expected, Bartisch’s daily experience allowed him
to perform the operation by pushing crystal lens
or humour crystallinus anteriorly, deeper than
those who previously attempted it. The cataract
operation was the main applied in eyeball
and orbit, while the removal of foreign bodies
from the white substance was also performed.
Another type of surgical intervention concerned
pterygium, trichiasis, eyelid tumours and ptosis,
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Figure 3: Eyelid cutters (leff) and its application for the excision
of tumorous formations of the eyelids (right) from inside Bartisch’s
book Ophthalmodouleia

all treated with excision of an eyelid fold. The
technique was simple, cut and remove, scalpel,
cutters and innovative tools, almost as if he did
not care about patient’s pain or aesthetic results
(Figure 3). Lagophthalmos was not mentioned.?
The brutality of Bartisch surgical methods may
found in almost all of his approaches. From the
enucleation of eyeball and exenteration of the
anatomical parts of the orbit, all exhibited rough
manipulations.’ Bulbar and orbital cancer or se-
vere injuries in those anatomical areas or acute
inflammation misinterpreted as cancer, were
performed by cutting the inflicted area, consid-
ered as malignancies. A series of novel surgical
instruments in deferent sized according the di-
mensions of the patient’s eyes, clumsy in appear-
ance had been introduced due his innovative im-
agination. During the enucleation, surgeon could
pass a suture vertically through the eyeball and
then pull it out by lifting the upper eyelid and
pushing a special spoon-like scalpel towards the
bone and sclera. For his exenteration operation
he used all his “violent” tool like chisels, scrapers
and knives in order just to remove all tissue parts
until the exposure of the optical nerve.® Muscles
and bone structures were not to be saved and had
been sporadically injured. Therefore, these tech-
niques were later improved by majestic figures in
ocular surgery, like Wilhelm Fabricius von Hilden
(1560-1634)?° and Carl Ferdinand Ritter von Arlt
(1812-1887).%
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Conclusion

Georg Bartisch was an ophthalmologist who
in 1583 published a monumental inclusive text
in German devoted exclusively to the eye. The
grandiose language, including Greek and Lat-
in create suspicion that Bartisch employed a
scribe to edit and embellish the book for him.
Galenic limitations and absence of medical
knowledge restricted somehow surgical meth-
ods described in Ophthalmodouleia. This trea-
tise offered nothing in the study of descriptive
ocular anatomy as it followed previous knowl-
edge. Empirical barber surgeon, manufactur-
er of peculiar tools, good writer, Bartisch be-
came famous for his cataract surgical method.
Meanwhile, his beautiful illustration and pre-
sentation techniques still remain somehow in
vogue; a fact which alone testifies a scientific
magnitude. Unexpectedly, Georg Bartisch has
a place among the most significant figures in
ophthalmology, coined to be the founder of the
German school.
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Introduction

Paragangliomas are rare neuroendocrine tu- region.! Among head and neck paragangliomas,
mours arising from the paraganglionic tissue of  those located in the neck present specific diag-
the autonomic nervous system, with the poten-  nostic and management challenges due to their
tial to develop in various anatomical locations.  proximity to critical structures such as major
Approximately 3-5 % occur in the head and neck  blood vessels and cranial nerves. Within the neck,

Copyright © 2024 Ravishankar and Sunil. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits icted use, distribution and ion in any medium, provided the original work is properly cited.
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paragangliomas more commonly arise from the
carotid body, vagus nerve and jugular paragan-
glia.?

Computed tomography (CT) especially contrast
enhanced computed tomography (CECT) plays
a crucial role in the evaluation of neck paragan-
gliomas, not only providing detailed anatomical
and functional information but offer additional
insights into tumour characteristics and vascu-
lar involvement. Accurate diagnosis and charac-
terisation of neck paragangliomas are essential
for guiding appropriate management strategies,
including surgical resection, embolisation and
radiation therapy. CT imaging plays a pivotal
role in the assessment of neck paragangliomas,
providing detailed anatomical information and
characterisation of these tumours.>® However,
the specific diagnostic imaging features of neck
paragangliomas on CT which is essential for op-
timising the diagnostic and management strate-
gies have not been comprehensively documented
in available literature. By identifying consistent
imaging findings, this study seeks to contribute
to improved recognition and management of
neck paragangliomas.

This retrospective study aimed to analyse the CT
imaging characteristics of neck paragangliomas
to enhance diagnostic accuracy and delineate the
radiological features associated with these tu-
mours.

Methods

A retrospective review of patients diagnosed
with neck paragangliomas at Post Graduate Med-
ical Institute (Sree Uthradom Thirunal Academy
of Medical Sciences (SUTAMS), Thiruvanantha-
puram, India) from March 2021 to October 2023
was conducted. The study was authorised by In-
stitutional Ethics Committee (IEC) of SUTAMS
and informed written consent from all patients
were taken before their participation.

Inclusion criteria were patients ranging in 18 to
80 years age group with slowly growing palpable
neck masses who underwent CT evaluation. Pa-
tients with fever and having painful, inflamma-
tory neck masses were not included in the study.

Multidetector CT (MDCT) examination was per-
formed using 16-slice Revolution CT scanner (GE

Medical Systems) and entire neck from petrous
superior border to thoracic inlet was scanned
craniocaudally within 10-15 s. CT angiography
(CTA) was done for all patients using a Medrad
pressure injector for pushing 80 mL non-ionic
water-soluble contrast through a 18 G cannula
into the antecubital vein at a flow rate of 4 mL/s.
CT acquisition parameters were 120 kVp, 440
mAs, pitch of 1.375:1 at 1.25 mm slice thickness
and 0.625 mm recon interval with a large FOV.

Evaluation for key CT features like location, de-
gree of vascularisation, contrast enhancement
features and presence of feeding arteries was
conducted and findings were documented. CT
findings were later correlated with histopathol-
ogy / culture reports.

For statistical analysis the data observed were
recorded and analysed using International Busi-
ness Machines (IBM) Statistical Package for the
Social Sciences (SPSS) version 20.0 software for
Windows. Statistical significance was tested by
Fisher’s exact test. P-value < 0.05 was taken as
significant.

Results

The CT imaging analysis of 87 patients satisfying
the inclusion criteria showed hypervascularity
and rapid wash in and wash out of contrast in all
patients and arterial feeding vessels supplying
the paragangliomas could be demonstrated in 80
patients (92 %) (Table 1). Paragangliomas in-
cluding glomus (n = 37, 42 %) and carotid body
tumours (n = 50, 57 %) were the commonest le-
sions.

Table 1: Computed tomography (CT) characteristics of paragan-
glioma

CT characteristics Yes No p-value*
of paraganglioma n (%) n (%)
Avid contrast enhancement/

v ; 87(100% 00%  <0.001
hypervascularity
Feeding vessel 80 (92 %) 7 (8 %) < 0.005
Rapid wash-in and wash-out 87 (100 %) 0(0 %) <0.001

*Fisher’s-exact test;

Statistical analysis of CT study data revealed a
significant correlation (p < 0.05) between hyper-
vascularity, key contrast enhancement features
and presence of feeding artery thereby establish-
ing CT as a one shop stop for evaluation of neck
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Figure 1: Plain computed tomography (CT) neck showing a soft
tissue density lesion in the left anterior triangle region.
No intralesional calcifications were seen.

g J

Figure 2: Contrast enhanced computed tomography (CECT) neck
demonstrates a well-defined avidly enhancing soft tissue mass
at the carotid bifurcation with characteristic splaying of the in-
ternal carotid artery and external carotid artery.

No evidence of adjacent infiltrative or inflammatory changes
was seen.

paragangliomas negating the need for any other
modality including magnetic resonance imaging
(MRI). CT capabilities make it clear choice over
MRA in identifying arterial feeders of paragan-
gliomas due to its wider clinical accessibility and
better patient tolerance profile (Figure 1 and 2).

Discussion

In presented study, paragangliomas including
glomus (n = 37, 42 %) and carotid body tumours
(n =50, 57 %) were the commonest lesions which
agreed with the study of Whalen RK et al” which
stated that 80 % of extra-adrenal paraganglio-
mas are either carotid body or glomus tumours.
Study was concordant with Van den Berg et al°re-
port in 2005 about the various CT imaging find-
ings specific to common neck paragangliomas
but their study was not a dedicated study in this
topic while presented study was a retrospective
study conducted with a good number of clinical
cases. Boedeker et al®in 2004 published their ex-
perience in diagnostic ultrasound, CT and MRI
evaluation of head and neck paragangliomas but
as well with a limited number of cases.

Most of the literature on this topic was before
2010 and also was not specifically to do with
common neck paragangliomas nor was it con-
ducted as a retrospective study with a statisti-
cally significant number of patients. To authors’
knowledge no recent studies on this important
topic of imaging of neck paragangliomas were
published in any journal of note. Hence this being
a recently conducted study incorporates current
demographics, imaging technology and data.

The comprehensive analysis of CT data in this
study provides valuable insights into the imaging
characteristics of neck paragangliomas. The ob-
served correlations between specific CT features
and clinical parameters highlight the potential
of advanced imaging techniques in predicting
clinical behaviour and guiding management de-
cisions. The avid enhancement on contrast-en-
hanced CT images suggests a high vascularity
of the tumours, which may have implications for
preoperative embolisation and surgical plan-
ning. Vascular encasement or displacement when
visualised on CECT can influence the choice of
surgical approach and the risk of intraoperative
bleeding or nerve injury. These findings under-
score the importance of a multimodal imaging
approach in the evaluation of neck paragangli-
omas and demonstrate the potential of CT in
providing valuable prognostic information. CT
imaging of neck paragangliomas demonstrates
consistent radiological features including hyper-
vascularity, contrast enhancement and distinct
anatomic locations. Recognition of these imaging
characteristics is crucial for accurate diagnosis
and preoperative planning. The identification
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of characteristic CT imaging features can aid in
differentiating paragangliomas from other neck
masses and guide appropriate treatment strate-
gies. Familiarity with these imaging findings en-
hances the ability of radiologists and clinicians
to recognise and characterise neck paraganglio-
mas, ultimately contributing to improved patient
care and treatment outcomes.

The only limitations of the study are the inherent
contraindications of CT like allergy to iodine con-
trast, radiation risk and those patients with low
e-GFR who could not be taken up for contrast CT
studies.

Conclusion

e N
This research article presents a comprehen-
sive analysis of CT data on neck paraganglioma
that offers valuable insights which aids in the
radiological characterisation of neck paragan-
gliomas and establishes CT imaging as a viable
mean for accurate diagnosis with implications
for therapeutic decision-making and potential
for personalised treatment approaches in neck
paragangliomas.
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should be signed by all the authors. It will be pub-
lished in the section “Author contributions.” The
corresponding author is responsible for the integ-
rity of the work as a whole. It is dishonest to omit
mentioning the investigator who had important
engagement with some aspects of the work.

A pre-defined list of possible author contribu-
tions is given below. For each author one or more
of the following 14 potential functions should be
selected:
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- Conceptualisation

- Methodology

- Software

- Validation

- Formal analysis

- Investigation

- Resources

- Data curation

- Writing - original draft

- Writing - review and editing

- Visualisation

- Supervision

- Project administration

- Funding acquisition.

After each of the applicable function, a colon ()
should be written, followed by the initials of the
authors pertaining to this particular contribu-
tion (eg, Conceptualisation: AB, CD, Supervision:
AB, XY, VW, etc).

17. Authorship statement. It should include the
following:

a. A statement that the manuscript has been
read and approved by all authors.

b. A statement that the authors confirm the
sequence of their names in the order that will be
reproduced in the article (if accepted for publi-
cation), listed after consecutive Arabic numbers.

c. The name of the corresponding author and
a statement that they empower him/her to sign
all the requested statements and to communicate
with the Editorial Office on their behalf.

This statement should be signed by all the au-
thors.

18. Cover letter. The letter accompanying the
submission should include the following:

a. A statement that the submitted text is the re-

sult of the original work of the authors.

b. A statement that the paper has not been pre-

viously published, nor is it concurrently sub-

mitted to any other journal.

d. Assertion that written acknowledgements,

consent statements and/or permission by the

institutional ethics committee were obtained.

The name of the ethics committee, the decision

number and date should be included.

e. A brief description of the study, with accent

on its novelty and why the authors believe that

it should be published in Scripta Medica.

This letter should be signed by corresponding
author.

The majority of these instructions are in ac-
cordance with “Uniform Requirements for Manu-
scripts Submitted to Biomedical Journals” (www.
icmje.org).

19. Submission of manuscripts. Manuscripts
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and all enclosures (cover letter, authorship state-
ment and financial disclosures) should be upload-
ed via the journal official website http://scripta-
medica.com/submit-a-manuscript/.

20. Editorial process. Manuscripts deemed
suitable for publication by in-house assessment
will be reviewed by at least two outside experts.
Contributors are encouraged to provide names of
two or more qualified reviewers with experience
in the subject of the submitted manuscript, but
this is not mandatory. Galley proofs of the accept-
ed articles will be sent to the corresponding au-
thor, who should reply within 48 h and either ap-
prove the galley proof for publication or mark the
necessary corrections. The entire process, from
the initial submission of the manuscript to the
final review, including the sending and receiving
of page proofs, will be completed online, vis the
editorial platform SCIndeks.

21. Review procedure. Manuscripts suitable
for peer review will be sent to at least two in-
ternational reviewers, based on the topic of the
manuscript and the potential reviewers’ exper-
tise. Reviewers will be allotted seven days to
decide whether they will accept the invitation
to review a manuscript or not, plus another sev-
en days to write a review. In case of some delay,
this may be extended for another seven days. In
case that even then a review is not received, new
reviewers will be invited instead. Some manu-
scripts may be accepted without revision, but if
revision is required, the corresponding author
must address each question, criticism and sug-
gestion made by the reviewers or editor. He/she
has 10 days to respond following the receipt of
the reviewers’ remarks. These topics should be
addressed in a letter to the editor along with a
revised manuscript. All the changes made to the
text should be marked with a different colour, so
that they can be tracked. Following receipt of a
galley proof, authors are allotted a 48-h period
to either approve it for publication or to suggest
some changes.

The acceptance rate for Scripta Medica is
around 40 %.

22. For further information, please contact the
journal manager at the following address: slavi-
ca.serdar-janjus@med.unibl.org. For this pur-
pose, the journal website http://scriptamedica.
com/contact/ may also be consulted.

Specific instructions for a manuscript

Title page. The title page of the manuscript con-
tains the title of the article, the full name of each

il

author (without titles) and the departments and
institutions of the author(s) in the order they are
listed. The title page must also include the name
of the corresponding author, (along with address,
phone and e-mail address) to which the work
should be attributed. The word count should be
indicated, as well. Original articles may have up to
2.500 words, excluding abstract and references.
The title should identify the main topic or the
message of the paper. The standard title of a re-
search paper is a phrase (rarely a sentence) that
identifies the topic of the paper; it should be con-
cise and precise, informative and descriptive.
The title of a descriptive paper should include
the necessary description, function, purpose,
animal species or population. When a method is
described, the title should indicate whether it is
new or improved.

Abstract and key words. Structured abstract
should be included in papers reporting original
research. Abstracts are limited to 300 words
in four labelled paragraphs: Background/Aim,
Methods, Results and Conclusion. The abstract
should state concisely the objectives of the study,
methods used, results obtained and adequate-
ly answer the research question. The abstract
should provide pertinent information when read
alone. Abstracts should not contain any citing of
references. Below the abstract, authors should
provide 3-5 key words, according to the terms
from the Medical Subject Headings - MeSH (www.
nlm.nih.gov/mesh).

Introduction. Generally, this section provides
the motivation for the paper (ie, what is miss-
ing or unknown in the research literature at this
time), an overview of the scientific theory or con-
ceptual models on which the research was based
and the purpose of the study and why it is im-
portant. Cite only relevant references.

Methods. This section accurately describes the
procedures used to carry out the study; it should
be complete enough to permit others to replicate
the study. Describe the methodological design,
subjects, data sources, data collection methods
and any statistical and analytical procedures.
These five parts may not be needed in all pa-
pers. Short papers may include these details in
different paragraphs, but titled subsections may
be used in longer papers. The Methods section
should describe how the research was struc-
tured, how subjects or groups of subjects (de-
fined by sex, age and other characteristics) and
how the subjects were chosen and assigned to
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these groups. Identify all drugs and chemicals by
generic names, exact drug dosages and routes of
administration. Variability should be expressed
in terms of means and standard deviations (SD).
A p-value can be used to disprove the null hy-
pothesis, but the authors should also give an esti-
mate of the power of the study and state the exact
tests used for statistical analysis.

Results. This section presents findings in log-
ical sequence using the text, tables and figures.
This section should show how the results of the
study answer the research question. This may be
shortest part of the entire paper. Details may be
presented concisely in one or more tables or fig-
ures. Do not repeat the data presented in tables
or figures in the text. Emphasise or summarise
only important observations and how these an-
swer the question posed in the introduction.

Tables. Each table with its legends, should be
self-explanatory and numbered in Arabic numer-
als in order of their mentioning in the text. The
title should be typed above the table and any ex-
planatory text, including definitions of abbrevia-
tions, is placed below the table.

Figures. All figures (photographs, graphs or
schemes) should be numbered with Arabic nu-
merals in the order of their mentioning in the
text. All lettering should be dark against a white
background and of sufficient size to be legible
when reduced for publication. Do not send origi-
nal artwork, X-ray films or ECG tracings but rath-
er photographs of such material. Images need to
be at least 300 DPI (JPG or TIF files). Figure leg-
ends should be typed double-spaced on a sepa-
rate page with Arabic numerals corresponding
to the figure. All symbols, arrows, numbers or
letters should be explained in the legend. An in-
ternal scale should appear on photomicrographs
and methods of staining should be described in
the legend.

Discussion. Discussion should be always written
as a separate chapter and not together with the
Results. Briefly state the principal finding that
relates to the purpose or research question posed
in the Introduction and follow the interpretation
of the results obtained. Compare your findings
with work reported previously by others. Discuss
the implications of your findings and their limita-
tions with respect to the methods used.
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Conclusion. The conclusion should be brief and
clear, answering the aim of the research and
should not consist of repetition of the main re-
sults. Avoid unqualified statements and conclu-
sions not completely supported by your data.

References. The reference list is the responsi-
bility of the authors. List all the papers or other
sources cited in describing previous or related re-
search. Cite references in the text sequentially in
the Vancouver numbering style, as superscripted
number after any punctuation mark. For example:
...as reported by Vuli¢ and colleagues.'? When two
references are cited, they should be separated by
comma, with a space. Three or more consecutive
references are given as a range (eg, ...as was pub-
lished earlier.!?'*). References in tables and fig-
ures should be in numerical order according to
where the item is cited in the text. For citations
according to the Vancouver style, see Uniform Re-
quirements for Manuscripts Submitted to Biomed-
ical Journals; this source gives the rules and for-
mats established by the International Committee
of Medical Journal Editors (www.icmje.org). The
standardised abbreviations of the titles of scien-
tific journals cited should be used. If there are six
authors or fewer, list all six by last name, space,
initials, comma. If there are seven or more, list
the first three in the same way, followed by et al.
For a book, list the editors and the publisher, the
city of publication, and year of publication. For a
chapter or section of a book, give the authors and
title of the section, and the page numbers. For on-
line material, please cite the URL and the date you
accessed the website. Online journal articles can
be cited using the doi number. Do not quote refer-
ences within the Abstract and Conclusion section.
All titles of cited manuscripts should be in English
(the name of the original language should appear
in brackets). Every effort should be done to add
the doi number after the reference; if not avail-
able, PMID number should be listed. See examples
below that conform to the Uniform Requirements
for Manuscripts Submitted to Biomedical Jour-
nals:

e Miller AL, Evanson NK, Taylor JM. Use of donepe-
zil for neurocognitive recovery after braininjury
in adult and pediatric populations: a scoping re-
view. Neural Regen Res. 2024 Aug 1;19(8):1686-
95. doi: 10.4103/1673-5374.389628.

e International Committee of Medical Journal
Editors (ICMJE). International Committee
of Medical Journal Editors (ICMJE). Uniform
Requirements for Manuscripts Submitted to
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Biomedical Journals: writing and editing for
biomedical publication. Haematologica. 2004
Mar;89(3):264. PMID: 15020262,

e Hull ], Forton ], Thompson A. Paediatric respi-
ratory medicine. Oxford: Oxford University
Press; 2015.

e Bydder S. Liver metastases. In: Lutz S, Chow E,
Hoskin P, editors. Radiation oncology in pallia-
tive cancer care. Chichester (UK): John Wiley &
Sons, Ltd.; 2013. p. 283-298.

e Christensen S, Oppacher F. An analysis of Ko-
za’s computational effort statistic for genetic
program- ming. In: Foster JA, Lutton E, Miller
], Ryan C, Tet- tamanzi AG, editors. Genetic pro-
gramming. EuroGP 2002: Proceedings of the
5th European Conference on Genetic Program-
ming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer; 2002. p. 182-91.

¢ Polgreen PM, Diekema D], Vandeberg ], Wiblin
RT, Chen YY, David S, et al. Risk factors for groin
wound infection after femoral artery catheter-
ization: a case-control study. Infect Control
Hosp Epidemiol [Internet]. 2006 Jan [cited 5
Jan 2007];27(1):34-7. Available from: http://
www.journals.uchicago.edu/ ICHE/ journal/
issues/v27n1/2004069/2004069. web.pdf.

Review article

Review articles are written by individuals who
have studied a particular subject or area exten-
sively and who are considered experts. Narrative
reviews and Systematic reviews should be identi-
fied as such in their titles. For these reviews, the
word count should not exceed 2.500 words, ex-
cluding references and abstract. The manuscript
may have up to 4 tables or figures and as many
as 50 references. Any deviation from these lim-
itations may be approved at the discretion of the
Editor-in-Chief.

Current topic

Current topics are actually mini-reviews. They
also review a certain topic, but less extensively
and by quoting a considerably smaller number of
original publications.

Special article

Special articles of 1500 words or less may be devot-
ed to any medical problem, historic perspective,
education, demography or contemporary issues.
Up to 15 references may be cited and the piece
may contain 2 tables or figures. An unstructured
abstract in English (150 words or less) should ac-
company a specific article. Financial disclosure
should be presented.

History of medicine
History of medicine articles deal with some histor-

ic aspects of medical research and practice. They
should be considered as a type of a special article.

Case report

Case reports are most likely to be published
if they describe any of the following: an unre-
ported drug side effects (adverse or beneficial),
drug interactions; a new, unexpected, or unusu-
al manifestation of a disease; previously unsus-
pected causal association between two diseases;
presentations, diagnosis and/or management of
new and emerging diseases; an unexpected asso-
ciation between diseases or symptoms; an unex-
pected event in the course of observing or treat-
ing a patient, findings that shed new light on the
possible pathogenesis of a disease or an adverse
effect; a previously unknown disease. Scripta
Medica does not publish instructive case reports,
thatis, presentations that make important teach-
ing point of what is already well known but often
forgotten.

Case reports (no longer than 750 words) should
include the following: title, introduction, case his-
tory (including up to three figures) and discus-
sion, references (up to six) and an unstructured
abstract in English. The abstract may be a single
paragraph containing no more than 100 words
and followed by key words. Title should facilitate
retrieval with electronic searching. Case pre-
sentation should include the history, examina-
tion and investigations adequately, description
of treatments, all available therapeutic options
that have been considered and outcomes related
to treatments. Discussion includes the following:
statement an unusual diagnosis, prognosis, ther-
apy; report of a literature review of other similar
cases; explain rationale for reporting the case;
what is unusual about the case; could things be
done differently in a similar case. There should
also be a short conclusion.

Case reports may have as many as five authors.
A very short case, about a particular disease can
be submitted as a Letter to the Editor. Consent
for publication must be obtained from the pa-
tients involved; if this is not possible, permission
from a close relative or a legal guardian must be
obtained before submission. Only non-identifi-
able data should be included, thus protecting the
identity of the patient.

In a cover letter authors should indicate how the
case report contributes to the medical literature.
Submissions that do not include this information
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will be returned to authors prior to peer review.
For all case reports, informed written consent is
required; the cover letter should state that con-
sent was obtained. Authorship statement and fi-
nancial disclosure should be presented.

Images in clinical medicine

The editors will consider original, clear and in-
teresting images that depict new or “classic” clin-
ical pictures submitted along with a descriptive
paragraph of up to 200 words. The report may
include two authors and three references. The
authors must obtain a signed, informed consent
from the patient or from a close relative or a legal
guardian. The cover letter from the correspond-
ing author should state that written consent was
obtained.

Letter to the editor

If the letter refers to a recent journal article, it
should not exceed 250 words, excluding referenc-
es. All letters should be brief and to the point with
no more than five reference citations. Figures or
tables are not permitted in this format. Financial
disclosure should be presented.

Editorial

Editorials are solicited by the editor to provide
perspective on articles published in the journal
and/or to express the general policies or opinions
of the Editorial Board. Editor-in-Chief may invite
a respectable scholar to write an editorial on a
certain topic.

Submission of papers

Manuscripts, tables and figures should be sub-
mitted via the official journal website http://
scriptamedica.com/submit-a-manuscript/, when-
ever it is possible, all in one file. To assist the
reviewing process, besides this full-text file,
additional files should be uploaded, too:
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(1) Authorship statement, signed by all the au-
thors (see above for details)

(2) Cover letter, signed by the corresponding
author (see above for details)

(3) Title page, containing the manuscript title,
full names and surnames (in this order!) and af-
filiations of the authors and the following seven
statements/assertions:

- Ethics (number and date of issuing of the eth-

ics committee - state its name - clearance or

an explanation why it was waived of not sought
at all)

- Acknowledgement

- Funding

- Conflict of interest

- Data access

- Author ORCID numbers

- Author contributions

All these data should be a part of the Title page,
since they could reveal the identity of the authors.

(4) Body text, containing the title only and the
rest of the manuscript with tables and figures
(only this file is to be sent to reviewers in a dou-
ble-blind manner) and

(5) Filled out WAME Manuscript Checklist (and
MS Word form can be downloaded from the jour-
nal website)

Signed Authorship statement and Cover letter
should be scanned and submitted electronically
together with previous materials.

To minimise delays, we advise that you prepare
signed copies of all statements before submitting
the manuscript. In case of the incompleteness of
the submission, the corresponding author will
have to upload the missing documents within 48
h. Failure to comply to this deadline will result in
the rejection of the submitted manuscript, based
on its incompleteness. In such a case, the authors
can start a new submission.



