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ORIGINAL ARTICLE

Geotropism and Oncogenic Potential of HPV Infections
in Cohort Study Populations in Vojvodina, North Region

of Serhia

AljoSa Mandic¢," ? NataSa Nikoli¢,> ® Slobodan MariCi¢," 2 Bojana Gutic," 2

Nemanija Stevanovic,! Branka BaSica®

Abstract

Background/Aim: Geotropism of the human papillomavirus (HPV) represents
the heterogeneous distribution of different genotypes worldwide. Aim of this
study was to evaluate the prevalence of the HPV infection in women from Vojvo-
dina, Serbia, according to cytological status and pathological changes of cervix
- dysplasia and cancer.

Methods: The research was conducted as a retrospective study at the Oncology
Institute of Vojvodina and the Institute of Public Health of Vojvodina (IPHV).
Data from the medical records of female patients treated for cervical intraepi-
thelial neoplasia or cervical cancer at the Department of Gynaecology, Clinic for
Surgical Oncology, Oncology Institute of Vojvodina in Sremska Kamenica in the
period from 2016 to 2021 were used, as well as the laboratory findings of the
IPHV for a group of patients with normal cytological results of the Papanikolau
(PAPA) smear.

Results: A total of 731 women, from 20 to 82 years of age, with different cytolog-
ical results were enrolled. 567 samples were classified as NILM, while 164 sam-
ples belong to a group of abnormal histopathology (LSIL/HSIL/cervical cancer).
The HPV genotyping assay was performed using the EUROArray HPV test to de-
tect 30 HPV genotypes. In the overall number with normal cytological findings,
HPV infection was verified in 242 (42.7 %) patients, of which 135 (55.8 %) were
verified with high risk HPV, while 76 (31.4 %) were verified with a mixed group
of HPV (Low risk/High risk HPV). Most prevalent genotypes were HPV 16, 31,
53,51 and 18 in NILM cytological status. In the samples with the abnormal his-
topathology, the most prevalent genotypes were HPV 16, 33, 31 and 56, while 18
and 39 were equally verified. Genotype 16 was the most prevalent in the exam-
ined sample, with a higher prevalence in higher-grade histopathological find-
ings: 18.8 % in LSIL, 31.9 % in HSIL and 75.0 % in cervical cancer samples. In-
fection with multiple associated genotypes of HPV was not correlated with
histopathology. By comparing histopathological diagnosis and age, older pa-
tients had higher-grade lesions.

Conclusion: Based on the estimated oncogenic potential of HPV genotypes as
well as their prevalence in presented sample, it can be concluded that the
nine-valent HPV vaccine for genotypes 6, 11, 16, 18, 31, 33, 45, 52 and 58 would
have the potential to prevent HPV infection and the incidence of precancerous
lesions and cervical cancer in about 85 % of women. Observing trends in the
prevalence of HPV, especially HR HPV genotypes, can be important in the fur-
ther strategy of applying secondary and primary prevention, as well as the ap-
plication of HPV detection as part of co-testing or considering the introduction
of HPV testing in the initial screening program.

Key words: HPV infections; Geotropism; Precancerous lesions; Prevention.
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Introduction

Geotropism of the human papillomavirus (HPV)
represents the heterogeneous distribution of dif-
ferent genotypes worldwide. The aetiology of in-
traepithelial lesions and carcinoma of the cervix
is, in most cases, of an infectious nature and the
hypothesis about the role of the human papillo-
mavirus in the pathogenesis of these lesions is
well known.! HPV infection is the most common
sexually transmitted disease today, the trans-
mission of which requires contact with the geni-
tal skin, mucous membrane or bodily fluids of the
partner.? The highest prevalence of this infection
was observed in women in their early twenties.
Spontaneous elimination of the virus within the
first two years occurs in 90 % of women under
the age of 30, while the remaining 10 % have the
possibility of developing condyloma, dysplasia
and even invasive cervical cancer, depending on
the virus genotype.' The infection develops very
quickly after sexual intercourse with a carrier of
the HPV, but the progression of the infection to
cervical intraepithelial neoplasia (CIN) and can-
cer takes years. Genital HPV infection is multi-
focal, often involving several organs of the low-
er reproductive tract. Any neoplasia associated
with HPV infection increases the risk of neoplasia
in other places, such as the vulva, vagina and anal
region.? According to current estimates in Ser-
bia, 1327 women get cervical cancer every year
and 551 die from cervical cancer. Cervical cancer
is the 4th most common cancer among women
in Serbia and the second most common cancer
among women between the ages of 15 and 44.>
* Modern approaches to comprehensive screen-
ing and primary prevention of cervical cancer
with the prophylactic HPV vaccine led to a glob-
al call by the World Health Organization (WHO)
to initiate the idea of eradicating this disease by
2030.5 The aim of this study was to examine the
prevalence and distribution of different HPV gen-
otypes in a cohort of female patients with normal
cytological findings, as well as the oncogenic po-
tential of HPV infection genotypes in a group of
patients with histopathologically verified dyspla-
sia and cervical cancer in Vojvodina, the northern
region of Serbia.

Methods

The research was conducted as a retrospective
study at the Oncology Institute of Vojvodina (I0V)

Mandi¢ et al. Scr Med 2023 Jun;54(2):115-23.

and the Institute of Public Health of Vojvodina
(IPHV). It used data from the medical records of
female patients treated for cervical intraepitheli-
al neoplasia or cervical cancer at the Department
of Gynaecology, Clinic for Surgical Oncology, On-
cology Institute of Vojvodina in Sremska Kamen-
ica in the period from 2016 to 2021, as well as
the laboratory findings of the IPHV for a group
of patients with normal cytological results of the
Papanikolau (PAPA) smear. The source of the ma-
terial was the archival material of the 10V and
[PHV obtained from the medical documentation
on the histopathological material from operation
and cytological findings, the identified genotypes
of the HPV and the age of the patients. The use
of medical documentation was approved by the
competent Ethics Committee.

Inclusion criteria:

- group of female patients with regular cyto-
logical PAPA test and verified HPV typing of
cervical smear;

- female patients older than 18 years with his-
topathological verified cervical intraepitheli-
al neoplasia or cervical cancer;

- female patients with cervical smear HPV typ-
ing.

Non-inclusion criteria:

- female patients with histopathologically ver-
ified cervical intraepithelial neoplasia or cer-
vical cancer in whom HPV typing was not per-
formed;

- female patients with other malignant diseases
or immunocompromised diseases;

- female patients with recurrent cervical dys-
plasia;

- pregnant women.

By analysing the documentation of IOV and IPHV
and applying the criteria for sample selection,
164 patients with pathological changes on the
cervix and 567 patients with a regular cytological
smear were included in further data processing.
Cytology findings that were collected and includ-
ed in the analysis were obtained by conventional
PAPA smear.

The histopathological data that were collected re-
sulted from the analysis of the tissue obtained by
biopsy of the cervix under the control of the col-
poscope from the fields that showed the highest
degree of abnormality or by one of the excision
methods on the cervix. The material obtained in
this way was placed in 4 % formalin and further
sent for standard processing in the pathological
histological laboratory.
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Genotyping of HPV DNA in cervical swab samples
for all group was performed using a qualitative
amplification and hybridisation test. Viral DNA
extraction was performed using the commercial
SaMag STD DNA Extraction Kit, using the Sa-
Mag-12 Automatic Nucleic Acids Extraction Sys-
tem (Sacace Biotechnologies, Como, Italy) in ac-
cordance with the manufacturer’s instructions.
In each EUROArray HPV test 5 pL of the extracted
DNA was used. Ifamplification was not performed
on the same day as extraction, the processed
samples were stored at 2-8 °C for a maximum of
five days or frozen at - 80 °C for longer periods.
The HPV genotyping assay was performed using
the EUROArray HPV test (EUROIMMUN, Luebeck,
Germany) according to the manufacturer’s in-
structions. The test uses panel of specific prim-
ers and probes, to detect 30 HPV genotypes in
single reaction, among them, 18 high-risk HPVs
(HR HPV) genotypes (16, 18, 26, 31, 33, 35, 39, 45,
51, 52, 53, 56, 58, 59, 66, 68, 73, 82) and 12 low-
risk HPVs (LR HPVs) (6, 11, 40, 42, 43, 44, 54, 61,
70, 72, 81, 89). Amplification and hybridisation

Results

The study included 567 patients with a normal
cytological smear according to Bethesda clas-
sification (negative for intraepithelial lesion or
malignancy, NILM) in which the presence of HPV
was examined (Table 1).

In the overall number the presence of HPV infec-
tion was verified in 242 (42.7 %) female patients,
of which 135 (55.8 %) were verified with high-risk
(HR) HPV, while 76 (31.4 %) were verified with a
mixed group of HPV (low-risk (LR)/HR HPV).

Based on gene typing in the mentioned group, the
distribution of HPV genotypes is shown in Figure 1.

Based on the results obtained in the group of
women with the negative cytological results,
NILM, HPV genotype 16 (39.6 %) was the most
represented, followed by genotype 31 (20.0 %),
51 (10.0 %) of highly oncogenic, while genotype
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steps allowed identification of both the target vi-
ral genetic material (E6/E7 genes) and the human
HSP90 gene used as endogenous controls for valid
sample extraction and amplification.

The obtained results of genotyping were consid-
ered valid if the test results of all controls were
satisfactory according to the manufacturer’s in-
structions.

Statistical analyses

Qualitative data were described using frequen-
cies and percentages. Quantitative data were de-
scribed using range (minimum and maximum),
mean and standard deviation. Differences in
mean values of continuous variables were anal-
ysed by Student’s t-test or ANOVA test for more
than two samples and the difference between
non-continuous variables was analysed by x*
test, using the software package JASP (Universi-
ty of Amsterdam, Amsterdam, the Netherlands).
The p-value < 0.05 was used as the cut-off for sta-
tistical significance.

18 ranks fourth in the high-risk group with 5.2
%. Of the HPV genotypes with low oncogenic po-
tency, HPV genotype 6 was verified in 96.7 %.

In patients with histopathological verification, a
total of 164 patients were treated. The average
age of the patients was 40.5 + 12.5 years. The
oldest patient was 82 and the youngest was 20
(Table 2).

A total of 49 (299 %) patients with low-grade
squamous intraepithelial lesion (LSIL), 90 (54.9
%) with high grade squamous intraepithelial le-
sion (HSIL) and 25 (15.3 %) with cervical cancer
were included in the analysis.

In patients with histopathological changes on
the cervix (LSIL/HSIL/cancer), HPV infection
was verified in 125 (76.2 %) patients, while in 39
(23.8 %), HPV was negative (Figure 2).

Table 1: Distribution of human papillomavirus (HPV) infection with normal cytological findings

HPV
negative

HPV
positive

HR HPV
positive

LR HPV

Cytology positive

HR+LR HPV

positive =

NILM 325(57.3%) 242 (42.7%) 135(55.8%) 31 (12.8 %)

76 (31.4 %) 567 (100.0%)

HR HPV — High-risk HPV; LR HPV — Low-risk HPV; NILM — Negative for intraepithelial lesion or malignancy.
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Figure 1: Distribution of human papillomavirus (HPV) genotypes in female patients with NILM cytological findings

IARC — International Agency for Research on Cancer (HPV classification); HR HPV — high risk human papillomavirus (genotype: 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59); LR HPV — low risk human papillomavirus (genotype: 6, 11); NILM — Negative for intraepithelial lesion or malignancy;

Table 2: General characteristics of the examined group

Histopathology N %
LSIL 49 29.87

HSIL 90 54.87

Cervical cancer 25 15.26

Overall 164 100.00

Age: mean + SD (range) 40.5 + 12.5 (20 — 82 years)

LSIL — Low-grade squamous intraepithelial lesion; HSIL -High grade squamous
intraepithelial lesion;

S HEVROMINY  « PRV repalie
\. J

Figure 2: Prevalence of human papillomavirus (HPV) infection
in LSIL/HSIL/cervical cancer samples

LSIL - Low-grade squamous intraepithelial lesion; HSIL -High grade squamous
intraepithelial lesion;

In patients with LSIL changes, 32 (65.3 %) were
positive and 17 (34.7 %) were negative for HPV
infection. In patients with HSIL, 69 (76.7 %) were
positive and 21 (23.3 %) were negative for HPV
infection. In patients with cervical cancer, a to-
tal of 24 (96.0 %) were positive and (4.0 %) were
negative for HPV infection (Figure 3).

In patients with LSIL/HSIL/cancer of the cervix
concerning the distribution of HPV genotypes,
the most represented verified HPV was genotype
16 (36.8 %), 33 (7.2 %), 31 (5.6 %) and genotype
56 (4.8 %). Multiple HPV infection with several
genotypes was verified in 29.6 % patients (Fig-
ure 4).

Observing of HPV genotypes concerning the his-
topathological findings in patients with LSIL
changes, the majority of patients with multiple
HPV infections were verified 40.6 %, HPV geno-
type 16 was confirmed in 18.8 %, 31 in 9.45 %
and genotypes 39 and 51 in 6.2 %, respectively. In
female patients with HSIL changes, multiple HPV
infections and HPV genotype 16 were equally ver-
ified; 31.9 % of the other genotypes, HPV geno-
type 33 prevailed; 11.6 % and genotype 56; 7.2 %.
In patients with cervical cancer, HPV genotype 16
was the most prevalent (75.0 %), while the next
was genotype 18 (8.3 %) and genotypes 45 and
35 (4.2 %). Multiple HPV infection was present in
8.3 % patients with cervical cancer (Table 3).
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Figure 3: Prevalence of human papillomavirus (HPV) infection obtained by cytological swabs in
histopathology confirmed diagnosis (LSIL/HSIL/cancer) of the cervix
LSIL — Low-grade squamous intraepithelial lesion; HSIL -High grade squamous intraepithelial lesion;
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Figure 4: Prevalence of human papillomavirus (HPV) infection obtained by cytological swabs in
histopathology confirmed diagnosis (LSIL/HSIL/cancer) of the cervix

LSIL — Low-grade squamous intraepithelial lesion; HSIL - High grade squamous intraepithelial lesion; MI — multiple infec-
tions; IARC — International Agency for Research on Cancer (HPV classification): HR HPV — high risk human papillomavirus
(genotype: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59); LR HPV — low risk human papillomavirus (genotype: 6, 11);

Using the x? test, a statistically significant dif-
ference (x% = 18.024, df = 2; p < 0.001) was es-
tablished in the prevalence of HPV genotype 16
between patients with histopathological findings
of LSIL, HSIL and cancer. This highly oncogenic
genotype of the virus is significantly more often
present in histopathological findings of a higher
degree, that is, in HSIL and cervical cancer. Using
the same methods of statistical processing, no
statistically significant difference was found in
the prevalence of multiple associated genotypes
of HPV between patients with histopathological

findings of LSIL, HSIL and cancer (x2 =4.371, df
=2; p=0.112). Data processing and the Student’s
t-test did not establish a statistically significant
difference (p = 0.914) between years of life and
the presence of highly oncogenic HPV 16. Using
the same methods, it was determined that there
was a statistically significant difference (p <
0.001) in the presence of multiple associated gen-
otypes of HPV in different age groups of patients.
In younger female patients, more combined gen-
otypes of the HPV were isolated more often than
in older patients (Figure 5).
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Table 3: Prevalence of human papillomavirus (HPV) genotypes obtained by cytological swabs

in histopathology confirmed (LSIL/HSIL/cancer) of the cervix

Pathological cervical cytology

HPV genotype LSIL HSIL Cervical cancer
N % N % N %
Multiple infection 13 40.62 22 31.88 2 8.33
16 6 18.75 22 31.88 18 75.00
31 3 9.35 4 5.80 0 0.00
39 2 6.25 1 1.45 0 0.00
51 2 6.25 3 4.35 0 0.00
18 1 3.13 0 0.00 2 8.33
33 1 3.13 8 11.59 0 0.00
56 1 3.13 5 7.25 0 0.00
58 1 3.13 1 1.45 0 0.00
59 1 3.13 0 0.00 0 0.00
68 1 3.13 0 0.00 0 0.00
35 0 0.00 1 1.45 1 417
45 0 0.00 0 0.00 1 417
52 0 0.00 1 1.45 0 0.00
54 0 0.00 1 1.45 0 0.00
Total 32 100.00 69 100.00 100.00
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Figure 5: Frequency of multiple human papillomavirus (HPV)
infection according to age

Using the ANOVA test, statistical significance was
confirmed in the existence of a significant cor-
relation (p < 0.001) between age and histopatho-
logical findings. Older patients had lesions of a
higher degree (Figure 6).

Discussion

Geotropism of HPV represents the heterogeneous
distribution of different genotypes worldwide.
Positive for HPV in patients with normal cervical
findings range from 12-49 %.>” Worldwide, HPV
16 is the most common genotype of HR HPV found

Figure 6: Correlation of age and histopathological findings

LSIL — Low-grade squamous intraepithelial lesion; HSIL -High grade squamous
intraepithelial lesion;

in 60 % of cervical cancer cases. In comparison,
HPV genotype 18 is found in about 10 %, geno-
types 45 and 31 in 4 % each and genotypes 33, 52
and 58 each in another 2 %.1 HPV 16 and 18 geno-
types are also associated with about 25 % of LSIL
and 50 % to 60 % of HSIL.® The HPV genotype 16
is represented by 32.3 % in South Asia, 28.9 % in
Southern Europe, 24.4 % in Western Europe, 24.3
% in North America and 12 % in Africa.® Howev-
er, a low prevalence was recorded in the Middle
East or in Qatar, where an HPV prevalence of 6.1
% was presented in the general population with
normal or pathological cytology, especially HPV
genotype 81.° Considering the presence of certain
genotypes of HPV in the region of Vojvodina, the
HPV genotype 16 (39.6 %) predominates in ex-
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amined group with normal cytological findings,
followed by genotype 31 (20.0 %), 51 (10.4 %) of
the highly oncogenic ones, while genotype 18 was
on fourth place in the high-risk group with 5.2 %.
HPV 6 as the low-risk was detected in 96.7 %. It is
important to note the presence of HPV genotype
56 (4.4 %) were seen, which warrants further
monitoring of this type in terms of their oncoge-
netic since it is not among vaccine genotypes. In
the study of Kaliterna et al, in Split and Dalma-
tia, Republic of Croatia, out of the total number
of women tested, 200 (35 %) were positive for
HR HPV. Polymerase chain reaction (PCR)-based
assays were used for HR HPV genotyping in posi-
tive specimens. The following frequency was ob-
served: HPV 16 in 10.0 %, HPV 18 in 6.1 %, HPV
31 in 2.6 %, HPV 33 in 1.9 %, HPV 52 in 1.4 %,
HPV 59 in 0.7 %, HPV 45 in 0.4 % of samples.!® In
the study by Milutin-Gasperov et al, it was deter-
mined that the most frequent genotype was HPV
16, with a frequency of 15.9 %, including single
and multiple infections. It was followed by HPV
genotypes: 31,6/11, 33,18, 52,45 and 58 with 8.7
%, 7.1 %, 4.5 %, 3.8 %, 2.3 %, 1.8 % and 1.1 %,
respectively.!!

In monitoring the oncopotentiality of HPV gen-
otypes, this study included 164 female patients,
average age 40.5 = 12.5 years, with a histopatho-
logically verified diagnosis (dysplasia or cervi-
cal cancer). Observing the prevalence of high-
risk genotypes of the HPV in certain groups of
histopathological findings, it can be concluded
that genotype 16 was the most prevalent in the
examined sample, with a higher prevalence in
higher-grade pathohistological findings. Namely,
of all patients with LSIL, this high-risk genotype
was identified in 18.8 %, HSIL in 31.9 % and in
cervical cancer, it was detected in even 75.0 %.
The results match the literature data. It is char-
acteristic that in total cohort, in contrast to lit-
erature data, HPV genotype 18 was not so repre-
sented, only 2.4 %. In the de Sanjos study, HPV
genotypes 16 and 18 were presentin 71 % of can-
cers.!> 13 Martins et al obtained similar results
in their study conducted in Sdo Paulo between
2009 and 2011, analysing the data of 665 female
patients. In their examined sample, HPV 16 was
also the most prevalent high-risk genotype, with
a prevalence of 38.1 % among HSIL findings and
66.7 % among invasive cervical cancer findings."*
A meta-analysis of 85 studies including 10,058
patients with cervical cancer, also confirmed the
predominant prevalence of HPV genotype 16 in
squamous histological genotypes of cervical can-
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cer ranging from 46 % in Asia to 63 % in North
America. Another common genotype was HPV
genotype 18, with about 10 % - 14 % in squa-
mous cell carcinoma.” In presented cohort, HPV
16 and 18 were also prevalent in the group with
cervical cancer, 75.0 % and 8.3 %, respectively. It
should be noted that the subgroup with cervical
cancer in this study was too small to determine
the presence of other genotypes of viruses. Still,
HPV 16 is predominant in the Vojvodina region as
well. Based on the before mentioned meta-anal-
ysis, which included 133 studies and a total of
14,595 patients, the combination of HPV 16 and
18 was verified in 74 % - 77 % of squamous cell
carcinomas in Europe and North America and 65
% - 70 % in Africa, Asia and South/Central Amer-
ica.>” Using the same methods of statistical pro-
cessing (x* test), no statistically significant dif-
ference was found in the prevalence of multiple
associated genotypes of HPV between patients
with pathohistological findings of LSIL, HSIL and
cancer (p = 0.112). Schmitt et al also concluded
that infection with multiple virus genotypes does
not have a higher prevalence among high-grade
cytological findings than low-grade ones.!® Also,
infections with multiple genotypes of viruses are
more prevalent in the younger population and
milder lesions, 40.62 % in LSIL vs 8.33 in carci-
noma in presented material. Similar results were
shown in the study by Milosevic et al, where the
prevalence of multiple HPV infection in young-
er patients under the age of 35 was 43 % and
NILM cytological findings were 30 % vs 13.9 % in
HSIL-a cytological findings.'®

The above data support the hypothesis that these
are more transient infections that resolve spon-
taneously in most cases and that the oncogenesis
initiates mainly one virus genotype. In the exam-
ined sample, a statistically significant difference
between the age and the presence of several as-
sociated genotypes of the HPV was determined.
In younger female patients, more combined gen-
otypes of the HPV were isolated more often than
in older patients. In their work, De Vuyst et al in-
terpreted the results of the eighteen most exten-
sive studies on the prevalence of the HPV in the
countries of Northern and Western Europe. Each
study showed the highest prevalence of high-risk
genotypes among young women in the age group
between 25 and 30 years, with a decline in the
frequency of this infection after that.'” Present-
ed results showed no significant correlation be-
tween HPV 16 prevalence and age. By comparing
patients’ histopathological diagnosis and age,
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it was observed that older female patients had
higher-grade lesions. Kamineni et al came to
the same results. They observed that the largest
number of female patients with invasive cervical
cancer were in the over 65 age category.!® Ob-
serving the representation of HPV genotypes in
the examined population of Vojvodina with reg-
ular cytological findings, the predominant gen-
otypes of high-risk genotypes were genotypes
16 (27.3 %), 31 (16.5 %), 51 (11.2 %), genotype
53 (11.6 %) and only in fifth place was HPV gen-
otype 18 (8.3 %). Concerning the oncogenic po-
tential represented in the examined group with
pathological changes on the cervix in Vojvodina,
the prevalence of HPV genotype 16 prevails in
HSIL changes and cancer. The obtained results
correspond to literature data from several re-
gions.” 151920 Although the distribution of other
genotypes is similar to other study, observing the
relationships of geotropism and oncopotential in
precancerous lesions in the examined cohort, it
should be emphasised that the prevalence of HPV
genotypes 31 (16.5 %) is higher in the popula-
tion with regular findings, while in HSIL changes
genotype 33 and 56 prevail, 11.6 % and 7.25 %,
respectively. The obtained results contribute to
understanding the transition of the HPV, but also
the oncogenic potential of specific genotypes that
are not included in the prophylactic vaccine, such
as HPV genotype 56, which was verified in HSIL
lesions (7.25 %) in this study and is similar to its
prevalence in a healthy population.

In presented cohort, in patients with pathologi-
cal changes on the cervix (LSIL/HSIL/cervical
cancer), HPV infection was not verified by the
available method in 39 (21.78 %) patients and
HPV negativity decreased with the severity of
the lesion, LSIL (34.69 %), HSIL (23.33 %) and in
cervical cancer (4.00 %).

According to worldwide data, it is estimated
that 5.5 % - 11 % of cervical cancers are HPV
negative.?'?> A decrease in HPV negative cases
was observed in a meta-analysis of 243 studies
that included 30,848 female patients with inva-
sive cancer. The incidence of HPV positive cases
ranged from 1990-1999, 2000-2005 and 2006-
2010: 859 %, 879 % and 92.9 %, respectively.
This trend is explained by better and more sen-
sitive methods of detecting HPV infection and

Mandi¢ et al. Scr Med 2023 Jun;54(2):115-23. Il

better classification of non-cervical cancers.*
The cause of this group can be seen through the
prism of false negative results and inadequate
cancer classification.? Observing the histologi-
cal genotype, real negative HPV cancers are often
adenocarcinomas of unclear aetiology. For cer-
vical adenocarcinoma, the HPV negative finding
ranges from 15 % - 38 %.!*2*2¢ Petry et al con-
firmed that about 68 % of HPV negative tumours
were incorrectly diagnosed as primary cervical
cancer.”” However, in a study that used next-gen-
eration sequencing (NGS), HPV negative cervical
cancer was around 5 % and a rare number of his-
topathological genotypes of cervical cancer that
are HPV negative were verified. Still, they should
be taken into account.?®3!

Conclusion

( N
In cervical intraepithelial neoplasia and cervi-

cal cancer, HPV 16 had the highest oncogenic
potential, along with genotypes 33, 31, 18 and
56. Genotype 16 was most often associated
with pathohistological changes on the cervix.
Infection with multiple associated genotypes
of the HPV was not correlated with histopa-
thology. Observing trends in the prevalence
of HPV, especially HR HPV genotypes, can be
important in the further strategy of applying
secondary and primary prevention, as well
as the application of HPV detection as part of
co-testing or considering the introduction of
HPV testing in the initial screening program.
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Abstract

Background/Aim: European urology guidelines recommend percutaneous
nephrolithotomy (PNL) as a treatment modality to remove complex kidney
stones over 2 cm in size. Aim of this study was to compare stone scoring systems
in predicting stone-free status and complications rate after percutaneous neph-
rolithotomy (PNL) in abnormal kidneys.

Methods: Retrospective analysis of data from 94 patients with anatomical ab-
normalities who underwent PNL for the kidney stones in the Clinic between Jan-
uary 2017 and January 2022 was performed. Sixty-four patients with renal
anomalies who underwent PNL were included in the study. Guy, S.T.0.N.E. and
CROES nephrolitometry scores were evaluated for each patient by the same re-
searcher using non-contrast computed tomography. The modified Clavien grad-
ing system was used to evaluate complications.

Results: The mean age and body mass index (BMI) of the patients were 46 + 11.7
and 28 + 6 kg/m?, respectively. There was no differences between the groups in
terms of operative parameters, renal anomaly categorisation and complications.
Compared with the residual stone group, GSS (2.49 vs 3.03; p = 0.001) and
S.T.0.N.E. scores (7.26 vs 8.38; p = 0.021) in the stone free group were statistical-
ly significantly lower, while the CROES score was lower in the group with resid-
ual stones (172 vs 245; p < 0.001). In the Chi-square analysis performed between

Clavien complication rating and stone scoring systems, no success was found in ggle(i‘m\?e"icf:
predicting the presence of complications in any scoring system. T +90532§832037
Conclusion: Although nomograms were successful in predicting postoperative E: cilgok@gmail.com
stone-free status (SFS) after PNL in abnormal kidneys, they may not predict
postoperative complications.
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Introduction

European urology guidelines recommend percu-  abnormal relationships with neighbouring or-
taneous nephrolithotomy (PNL) as a treatment gans and difficulties in the movements of endo-
modality to remove complex kidney stones > 2 scopic instruments.? Renal anatomy, stone bur-
cm size.! PNL can be applied in different cases den, stone localisation, stone size and density,
from normal to abnormal kidneys. This proce- skeletal anomalies, comorbidities and surgeon
dure may become more difficult due to different  experience affect the success of PNL.? Different
kidney locations, anatomically abnormal calyxes, = scoring systems have been designed to evaluate

Copyright © 2023 Cil 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.
This article should be cited as follows: Gil G, Yilmaz M, Sahin Y, Miislimanoglu AY. Comparison of stone scoring systems as predictive tools for percutaneous nephrolithotomy outcome in kidneys

with anatomical abnormalities: a retrospective study. Scr Med 2023 Jun;54(2):125-31.
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complications and the stone free rate (SFR) that
may develop after PNL, as well as to inform pa-
tients about possible outcomes before the opera-
tion. Guy’s stone score (GSS), S.T.0.N.E. (stone size
(S), tract length (T), obstruction (0), number of
involved calyces (N) and essence or stone density
(E)) nephrolithometry score and CROES (Clinical

Methods

This study was approved by the local Ethics Com-
mittee of the Hospital (15 November 2022, Deci-
sion No 189) and complied with the principles of
the Declaration of Helsinki. All patients provided
written informed consent preoperatively.

The data of 94 patients with abnormal kidneys
among 494 patients who underwent PNL be-
tween January 2017 and January 2022 were ret-

Cil et al. Scr Med 2023 Jun;54(2):125-31. M

Research Office of the Endourological Society)
nephrolithometry nomogram are the most wide-
ly used scoring systems.*® There is no consensus
on the best scoring system for kidneys with renal
anomalies. Aim of this study was to compare the
value of renal scoring nomograms in predicting
PNL outcomes in kidneys with renal anomaly.

rospectively analysed. Patients under 18 years
of age (n = 11), patients with preoperatively ure-
teral stent or nephrostomy catheter inserted (n
= 9), who underwent miniaturised percutaneous
surgery (n = 6) and patients whose preoperative
computed tomography (CT) images could not be
accessed (n = 4) were excluded from the study
(Figure 1).

Patients who underwent PNL (o = 494)

g - [ Patients with anatoaucal anomalics
| Identifscation J who underwent PNL (a =94)
Excluded patsents (n = 30)
-Under 1S vearsold(n=11)
—— !
- Patients with preoperative ureteral
sfent or nephrostomy catheter {n = 9)
- Minuaturised PNL {n =~ 6)
-Nopre-opCT(a=4)
Eligible patients (a = 64)
| Anatysis

Renal anomaly

- Horseshoe (23)
- Malrotaed (22
- Ectopse (17)

Kidoey uadergons PNL

\.

Figure 1: Patient selection and study design flowchart
PNL: percutaneous nephrolithotomy; CT: computed tomography;
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Finally 64 patients were included in the study.
Patients were divided into the two groups con-
sidering to their stone-free status (SFS). Group 1
consisted of 35 stone-free patients, while Group
2 consisted of 29 patients with residual stones.
The groups were compared according to their de-
mographic features (age, sex, body mass index -
BMI), stone characteristics (stone load, location),
anatomical abnormality type and operative pa-
rameters (nephrostomy length of stay, location
and success, operation time and complications).
Clavien grading system was used to evaluate
postoperative complications.’

Measurements and patient grading

Low-dose non-contrast CT and/or urography,
stone size (in mm? multiplied by the two longest
dimensions), stone density (Hounsfield Unit), re-
nal calyx anatomy in terms of skin-to-stone dis-
tance (mm) provided the most appropriate per-
cutaneous access site estimation was performed.
GSS, ST.0.N.E. and CROES scoring systems were
calculated by endourologists who mostly perform
stone surgery in the daily practice of the Urology
Clinic (Bagcilar Training and Research Hospital,
Istanbul, Turkey). Patients with anatomical ab-
normalities for GSS were classified as 2nd, 3rd or
4th grade according to the number and location
of stones. S.-T.0.N.E. load, tract length, obstruc-
tion, relevant calyx number and stone density
were noted while nephrolitometry score was
used. When calculating the CROES score, the av-
erage annual case volume was accepted as 200
for the Clinic.

Surgical technique

The PNL procedure started with the placement
of 5F open-ended Hydrophilic Ureteral Catheters
(Plasti-med) retrograde into the involved kidney
under general anaesthesia and 3rd generation
cephalosporin prophylaxis and continued with
the prone position. With an initial puncture nee-
dle (18 G/20 mm/2 parts, Plasti-med) retrograde
contrast was given under fluoroscopy and pos-
terior calyx access was achieved. Renal access
was performed by entering a nephrostomy bal-
loon dilator (Nephroflex) after an Amplatz dila-
tor up to 12 French (F) and a 24 F nephroscope
(Alken-Hohenfellner, Karl Storz, Germany) through
a 30 F Amplatz sheath. Fragmentation of stones
was performed using pneumatic and ultrasonic
lithotripters. After endoscopic and fluoroscopic
stone-freeness was achieved, a 14 F Malecot ne-
phrostomy set was placed in the kidney. On the
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first postoperative day, both stone-free and pleu-
ral injury control were performed with direct
urinary system radiography (CUB) and chest ra-
diography in intercostal accesses. The discharge
of the patients was carried out according to the
dryness of the tract after the removal of the
nephrostomy catheter. Stone-free control was
achieved with CUB and urinary ultrasonogra-
phy in the first month postoperatively and low-
dose CT at the third month. Absence of residual
fragments or < 4 mm fragments were considered
stone free.

Statistical analysis

Statistical Package for Social Sciences software
was used for statistical analysis of study data
(IBM SPSS Version 22.0). The Chi-square test or
Fisher’s exact test was used for categorical vari-
ables, while continuous variables were compared
with the independent sample t-test and One-way
analysis of variance (ANOVA) test. Receiver oper-
ating characteristic (ROC) curves were generat-
ed to assess the predictive role of stone scoring
systems and other significant variables on post-
operative SFS. Logistic or linear regression anal-
yses were performed to determine the possible
relationship of stone scoring systems, BMI, stone
burden and skin to stone distance (SSD) parame-
ters with SFS. P < 0.05 was noted as statistically
significant.

Results

The mean age and BMI of the patients included
in the study were 46 + 11.7 and 28 * 6 kg/m?, re-
spectively and BMI was statistically significantly
higher in Group 1 (p = 0.002). While 19 out of 64
patients were female, stone-free was achieved in
73 % of them (p = 0.042). The mean SSD (mm)
was higher in Group 1 and the number of kid-
neys with staghorn stones was higher in Group 2
(98.54 mm * 22.88,p=0.001and 7 (109 %) / p =
0.013, respectively). Table 1 shows patient demo-
graphics, stone characteristics and operative pa-
rameters. Compared with the Group 2, GSS (2.49
vs 3.03; p = 0.001) and S.T.O.N.E. scores (7.26 vs
8.38; p = 0.021) in the Group 1 were lower, while
the CROES score was lower in the Group 2 (172 vs
245; p < 0.001).

The ROC curves of 3 scoring systems, SSD, stone
burden and BMI on prediction of SF status are
shown in Figure 2. According to the ROC analy-
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Table 1: Patient demographics, stone characteristics and operative parameters

Parameters Total SFS: Yes SFS: No p-value
Age (years) 46 (11 70) 46.09 (10.08) 45.90 (13.72) 0.930
BMI (kg/m?) 28 (60) 30(6.00) 26 (4.00) 0.002
Male 45 (70.30) 21 (32.81) 24 (37.50) 0.042*
Female 19 (29.70) 14 (21.88) 5(7.81)
The Guy’s stone score 2.73 (0.64) 2.49 (0.61) 3.03 (0.56) 0.001
The S.T.0.N.E. nephrolithometry score 7.77 (1.64) 7.26 (1.06) 8.38(1.99) 0.021
CROES nomogram score 211.92 (54.37) 245 (48.14) 172 (28.62) <0.001
Stone burden (mm?) 460.8 (379.80) 313.2(212.23) 638.92 (458.02) <0.001
HU 980 (278.75) 978.26 (276.93) 981.97 (285.83) 0.989
SSD (mm) 90.5 (25.66) 98.54 (22.88) 80.79 (25.83) 0.001
Staghorn stones 8 (12.50) 1(1.56) 7(10.94) 0.013¥
Stone side (right/left) 26 (40.6)/ 38 14 (21.88) /21 (32.81) 12 (18.75) / 17 (26.66) 0.556*
Number of hydronephrosis (59.40) 17 (26.66) 16 (25.00) 0.392*
Renal abnormality 33 (51.60)

Horseshoe kidney 25(39.10) 14 (21.90) 11 (17.19) 0.848

Malrotated kidney 22 (34.40) 12 (18.80) 10 (15.63)

Pelvic kidney 17 (26.60) 9 (14.10) 8 (12.50)
OTT (min) 101.33 (33.64) 94.43 (27.30) 109.66 (38.86) 0.098
Time with nephrostomy tube (day) 217 (1.79) 1.8 (1.23) 2.62 (2.24) 0.088
EBL (gr/dL) 1.94 (1.24) 1.78 (1.35) 2.13(1.07) 0.069
Complications 24 (37.50) 11 (17.20) 13 (20.30) 0.200*

*Pearson Chi-square; ¥: Fisher’s Exact Test; Values are presented as N (%) or mean (SD); BMI: Body mass index; EBL: Estimated blood loss; HU: Hounsfield Unit;
OTT: Operation table time; SSD: Skin to stone distance; SFS: Stone free status;
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Figure 2: The ROC curves of 3 scoring systems, SSD, stone burden and BMI on prediction of
stone-free status (SFS)

BMI: Body mass index; SSD: Skin to stone distance; SFS: Stone free status;
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Table 2: ROC curves of variables with significant association with stone-free status (SFS)

. 95 % Confidence

Variable(s) Area p-value interval

Guy stone score 0.280 0.003 0.155 - 0.405
S.T.0.N.E. score 0.335 0.024 0.195 - 0.476
CROES score 0.891 0.000 0.812 - 0.969
SSD (mm) 0.733 0.001 0.610 - 0.856
Stone burden (mm?) 0.197 0.000 0.091-0.303
BMI (kg/m?) 0.731 0.002 0.608 - 0.854

BMI: Body mass index; SFS: Stone free status; SDD: Skin to stone distance;

Table 3: Clavien complication rating according to stone scoring systems

Clavien grading system
Grade Grade Grade Grade Grade
1

Scoring System 2 3a 3b 4a Total P-value
The Guy’s scoring system
2 1 2 1 1 0 5
3 8 4 4 0 1 17 0.404
4 2 0 0 0 2
The S.T.0.N.E. scoring system
5-6 2 2 0 4
7-8 2 4 1 12 0.763
9-13 4 2 0 1 8
CROES score
<130 2 0 1 0 0
130-169 2 1 0 0 0
0.844
170-219 4 3 2 0 1 10
> 219 3 2 2 1 0 8

Table 4: Logistic regression analyses of BMI, SSD, stone burden and nephrolithometry scoring

systems on stone free status (SFS)

Stone free status

Variables OR 95 % ClI p-value
The S.T.0.N.E. nephrolithometry score 1.222 0.589 - 2.534 0.590
CROES nomogram score 1.055 1.019 - 1.092 0.002
Guy’s stone score 1.167 0.170 - 8.011 0.875
Stone burden (mm?) 1 0.996 - 1.004 0.980
BMI (kg/m?) 0.979 0.524 - 1.829 0.948
SSD (mm) 1.019 0.895 - 1.161 0.772

BMI: Body mass index, SSD: Skin to stone distance; OR: odds ratio; Cl: confidence interval;

sis, although all parameters were significant for
stone-free, the highestarea under the curve (AUC)
and significance were observed in the CROES and
stone burden parameters (AUC = 0.891 and 0.197,
respectively, p < 0.001). Parameters showing sta-
tistical significance according to ROC analysis
and AUC values were summarised in Table 2.

In the Chi-square analysis performed between

Clavien complication rating and stone scoring
systems, no success was found in predicting the
presence of complications in any scoring system
(Table 3).

Logistic regression analysis showed that only
CROES scoring systems were significantly asso-
ciated with stone-free status (OR: 1.055, [95 % CI
1.019-1.092]; p < 0.002) (Table 4).
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Discussion

In presented study, aim was to compare the GSS,
S.T.0.N.E. and CROES nomograms in predicting
PNL outcomes in abnormal kidneys. It was found
that although these nomograms were success-
ful in predicting postoperative SFS, they did not
have predictive value in determining the postop-
erative complications of PNL. In this regard novel
scoring systems may come in mind in predicting
outcomes of PNL in abnormal kidneys.

Caglayan et al evaluated 120 paediatric cas-
es who had undergone PNL surgery, compared
CROES with GSS and found that only the CROES
scoring system was significant in demonstrat-
ing SFS. However, both scoring systems did not
predict complications after PNL.® Karsiyakali et
al evaluated 81 patients who underwent Retro-
grade Intrarenal Surgery and found that S.T.0.N.E.
and CROES scoring systems were significant in
showing post-op SFS, but GSS was not, but they
did not compare the scoring systems in terms of
complications.” Consistent with these studies, in
presented study it was found that CROES, GSS and
S.T.0.N.E. scoring systems could predict SFS after
PNL. Similar to the study of Caglayan et al, it was
found that these scoring systems cannot predict
postoperative complications. Recently, Kocaas-
lan et al demonstrated that only CROES nomo-
gram may predict the SFS of PNL patients with
abnormal kidneys.!® Yarimoglu et al conducted
a study on the evaluation of complications with
renal scoring systems in the preoperative period
in 160 patients who had undergone PNL for stag-
horn stones and they found that scoring system
did not show postoperative complications.? All
these studies demonstrated that GSS, S.T.O.N.E.
or CROES nomograms may predict postopera-
tive SFS and complications of standard PNL per-
formed in the normal kidneys. But while these
nomograms were able to predict SFS, they were
found to be unsuccessful in predicting post-oper-
ative complications for PNL surgeries performed
in rare patient groups such as paediatric patients,
staghorn kidney stones and abnormal kidneys.
The CROES nomogram was found to be more sig-
nificant in predicting SFS than other nomograms,
including the clinical annual number of cases pa-
rameter.

It is very important to accurately predict the re-
sults and complications of PNL such as bleeding
that will require transfusion, injuries to the colon
or pleura, postoperative fever, sepsis and inform

Cil et al. Scr Med 2023 Jun;54(2):125-31. M

the patient about these possible complications.
None of the nomograms were categorically asso-
ciated with postoperative complications. There is
necessity for new nomograms that include more
specific criteria (kidney anomaly, surgeon case
volume and stone surgery history, etc) that may
predict complications.

Limitations of the study

The study had several limitations. Firstly, the ret-
rospective data of the single centre were used in
the study which may have led to biased selection.
Secondly, the sample size in the study was small.

Conclusion

( )
Standard PNL surgery may be more difficult

for patients with renal anomaly. Aim was to
compare the effects of scoring nomograms in
kidney anomalies. Although CROES, Guy and
S.T.0.N.E. scoring systems were able to detect
stone-free status in the postoperative period,
they may not detect complications in the pre-
operative period.
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Abstract

Background/Aim: Drug-induced liver injury is one of the major causes of acute
liver failure. Under current circumstances of the pandemic of COVID-19, the use
of paracetamol which has a proven hepatotoxic effect has increased. This
prompts the search for novel agents with hepatoprotective properties. The pur-
pose of this article was to evaluate the hepatoprotective activity of cryoextract
of the placenta (CEP) on the model of paracetamol-induced hepatitis.

Methods: The study was performed on 28 male rats. Acute drug liver damage
was modelled by intragastric administration of paracetamol twice at a dose of
1250 mg/kg.

Results: The development of paracetamol-induced hepatitis in rats was accom-
panied by a 71.3 % increase (p < 0.001) in the content of active products of
thiobarbituric acid (TBA-AP) in liver homogenates as compared with intact an-
imals. Besides, there was a 2.1-fold (p < 0.001) increase of ALT activity, a 58.8 %
increase (p < 0.001) of AST activity and a 4.2-fold (p < 0.001) increase of the
concentration of total bilirubin as compared with intact rats. The use of cryo-
preserved placenta extract showed significant hepatoprotection in a rat model
of paracetamol-induced hepatitis. This was demonstrated by a 2.3-fold (p <
0.01) increase of the antioxidant-prooxidant index, a significant (p < 0.001) de-
crease of activity of ALT (by 44.0 %) and AST (by 29.6 %), as well as by a de-
crease of direct bilirubin level by 52.5 % (p < 0.001) in animals treated with CEP
as compared with rats without treatment.

Conclusion: The development of acute paracetamol-induced hepatitis in rats
was associated with activation of lipid peroxidation processes in liver tissues,
while CEP showed marked hepatoprotective activity in paracetamol-induced
hepatitis in rats.

Key words: Cryopreserved placenta extract; Paracetamol; Liver injury; Hepa-
toprotection.
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Introduction

Drug-induced liver injury (DILI) is one of the
most common side effects of many medications.
It is primarily related to the physiological role of
the liver in the elimination of xenobiotics, as well
as to the spread use of generic drugs which are
not always of sufficient quality.” 2 DILI accounts

for about 10 % of the total number of patients
with liver disease. The global prevalence of DILI
ranges from 2.4 cases per 100,000 population per
year in Great Britain to 34.2 cases per 100,000
population per year in Spain.>* The relevance of
the DILI problem is confirmed by the functioning

Copyright © 2023 Koshurba 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.
This article should be cited as follows: Koshurba IV, Chyzh MO, Hladkykh FV, Komorovsky RR, Marchenko MM. Role of cryopreserved placenta extract in prevention and treatment of paracetamol-in-

duced hepatotoxicity in rats. Scr Med 2023 Jun;54(2):133-9.



134

of networks focusing their activity on control and
prevention of development of drug-associated
liver injuries, eg the database “Drug Induced Liv-
er Injury Network” in the system of the Food and
Drug Administration (USA), the system “LiverTox
(USA), the “HepaTox” system (China), etc.>”

Metabolic transformation and subsequent conju-
gation and excretion of hydrophilic products of
drug biotransformation with bile and urine take
place in liver. Among the drugs that most fre-
quently cause the development of DILI, non-ste-
roidal anti-inflammatory drugs (39 %) rank first,
followed by antibacterial drugs (29 %), immu-
nosuppressant (9 %) and antiplatelet drugs (7
%), antidiabetic drugs (4 %) and others (21 %).®
Taking paracetamol, troglitazone, valproate, an-
tibiotics and anticancer drugs was the most fre-
quently associated with death in patients with
DILL!

Paracetamol or acetaminophen is the most wide-
ly used over-the-counter analgesic-antipyretic
in the world.'* 13 The relevance of the use of this
drug has increased especially in the context of
the pandemic of the new viral infection COVID-19.
It is also worth noting that paracetamol is often
used as a component of combined painKkillers
and anti-inflammatory drugs - [paracetamol +
ibuprofen], [paracetamol + diclofenac sodium],
[paracetamol + metamizole sodium], etc. The
ability of paracetamol to covalently bind to mito-
chondrial proteins of hepatocytes and a number
of enzymes (glutamine synthetase, glutamine de-
hydrogenase, carbonic anhydrase IlI, glutamate
dehydrogenase, glycine-N-methyltransferase) is
the basis of its hepatotoxic effect.!* 3

To date, according to the State Register of Medic-
inal Products of Ukraine, more than 100 drugs
with hepatoprotective activity are registered on
the pharmaceutical market of Ukraine, but none
of them can fully satisfy the clinicians’ needs. Au-
thors’ attention was drawn to the national-pro-
duced drug “Cryocell - placenta cryoextract” as
a potential biotechnological agent with a hepato-
protective effect. Placenta cryoextract (CEP) was
obtained by scientists of the Institute of Cryobi-
ology and Cryomedicine of the National Academy
of Sciences of Ukraine.'*'¢ In previous studies, it
was established that the therapeutic and preven-
tive administration of CEP normalised metabolic
processes in the liver and restored its functional
state due to antioxidant and membrane-stabilis-
ing effects, which weakened the cytolytic syn-
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drome caused by the administration of D-galac-
tosamine and restored the protein-synthesising
function of the liver.'”*® In addition, it was shown
that CEP has an energy-stabilising effect on he-
patocytes of rats with simulated tetrachloro-
methane liver damage.?%2

The aim of the present study was to analyse the
hepatoprotective activity of placenta cryoextract
on the model of paracetamol-induced hepatitis.

Methods

The study was performed on 28 male rats weigh-
ing 200-220 g which were divided into 4 groups?®*:
[ - intactrats (n = 7);
II - rats (n = 7) with paracetamol-induced hep-
atitis (control group);
III - rats (n = 7) with paracetamol-induced
hepatitis, which were injected intramuscularly
(im) cryoextract of the placenta (CEP) in a dose
of 0.16 mL/kg 5 times;**2°
[V - rats (n = 7) with paracetamol-induced hep-
atitis, which were administered a derivative
of the amino acid L-cysteine - acetylcysteine
(ACC) intraperitoneally (ip) in a dose of 150
mg/kg.2b 26

Acute medical damage to the liver was simulat-
ed by intragastric (ig) administration of parac-
etamol at a dose of 1250 mg/kg once a day for
2 consecutive days.?! CEP and ACC were admin-
istered 60 minutes after each administration of
paracetamol (2 administrations) and further for
3 consecutive days after simulating hepatitis (a
total of 5 administrations). The animals were
withdrawn from the experiment 72 hours after
the second injection of paracetamol and sacri-
ficed under general anaesthesia.

Biochemical research methodology

The research material was whole blood and rat
liver homogenates. To obtain the liver homoge-
nate, the liver was perfused with a cold (+4 °C)
isotonic 1.15 % KCI solution and homogenised at
3000 rpm (teflon/glass) in a buffer solution at a
ratio of 1:10 (weight/volume: 250 mg + 2.25 mL of
1.15 % KCI solution), obtaining a 10.0 % homog-
enate.

Content of active products of thiobarbituric acid
(TBA-AP) in liver homogenates was determined
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spectrophotometrically according to Asakawa et
al at the wavelength of A = 535 nm.?” The molar
extinction coefficient of the red-coloured com-
plex, which is 1.56 x 10° mol!/cm™ expressed in
umol/kg tissue, was considered for further anal-
ysis. Catalase activity in liver homogenates was
determined spectrophotometrically by light ab-
sorption at a wavelength of A = 410 nm and ex-
pressed as mcat/kg of tissue.?® Antioxidant-pro-
oxidant index (API) was calculated according
to the formula: API = (Catalase activity x 100) /
TBA-AP content.?8

Alanine aminotransferase (ALT) activity and
aspartate aminotransferase (AST) activity in
peripheral blood was determined spectrophoto-
metrically according to the method of Reitman
and Frankel.?’ De Ritis ratio was calculated as the
AST to ALT ratio.?® Concentration of bilirubin in
peripheral blood was determined spectropho-
tometrically by the reaction of diazophenylsul-
phonic acid with direct bilirubin.?*3!

Statistical analysis

Differences between groups were assessed with
the use of parametric or nonparametric criteria,
as applicable. Normally distributed independent
values were compared with the paired t-test,
while other than normally distributed values
were compared with a Mann-Whitney test. A
p-value of < 0.05 was considered statistically sig-
nificant. The averages of the normally distribut-
ed values are reported as mean + standard error
of the mean or mean (95 % confidence interval).
The averages of other than normally distributed
values are reported as medians [interquartile
ranges].*?

Bioethical compliance

All experimental studies on laboratory animals
were performed in accordance with the require-
ments of Good Laboratory Practice and in com-
pliance with the basic provisions of the Council
of Europe Convention on the Protection of Ver-
tebrate Animals Used in Experiments and Other
Scientific Purposes of 18 March 1986, European
Parliament and Council Directive 2010/63/EU of
22 September 2010 on the protection of animals.
The comprehensive research program was con-
sidered and approved by the Committee on Bio-
ethics at the Institute of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine (Protocol No 5 of 22 November 2022).
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Results

A significant increase (p < 0.001) in the content of
TBA-AP inliver homogenates by 71.3 % compared
to the values of intact rats was noted (Table 1).
ACC administration resulted in decrease of TBA-
AP level by 18.6 % (p = 0.04). Administration of
CEP resulted in almost complete recovery of the
TBA-AP level in liver homogenates to the level of
9.3 + 1.48 umol/kg of tissue (as compared with
9.4 + 0.68 pmol/kg of tissue in intact animals).

A significant decrease of catalase activity by 35.3
% (p < 0.01) as compared to that of intact rats
(2.2 £ 0.24 mcat/kg of tissue) was noted. In CEP
administration, this index increased by 18.2 % (p
= 0.03) and in ACC administration, it increased
by 59.1 % (p < 0.01) as compared with rats with
paracetamol-induced hepatitis. A significant de-
crease in the value of the API by 62.2 % was not-
ed (p < 0.001). The use of CEP, as well as of ACC,
resulted in a significant 2.3-fold and 1.9-fold in-
crease (p < 0.01) of API, respectively (Table 1).

In acute paracetamol-induced hepatitis in rats,
there was a statistically significant (p < 0.001)
2.1-fold increase ALT activity, as well as an in-
crease (p < 0.001) of AST activity by 58.8 % as
compared with indices of intact rats. A dispro-
portionate increase in the activity of aminotrans-
ferases led to a statistically significant (p = 0.02)
decrease of the De Ritis ratio by 26.7 % as com-
pared with the values in intact animals (Table 2).

The use of ACC led to a uniform decrease in the
activity of ALT and AST in the peripheral blood of
rats with paracetamol-induced hepatitis by 28.0
% (p < 0.001) and 25.9 % (p < 0.01), respectively,
as compared to the parameters of animals with-
out treatment. However, when the imbalance in
the activity of aminotransferases caused by liver
damage persisted, the De Ritis ratio was 26.7 %
lower (p = 0.03) as compared with the untreat-
ed animals (Table 2). A significant (p < 0.001)
decrease in the activity of ALT (by 44.0 %) and
AST (by 29.6 %) was noted in group III when CEP
was used, as compared to the respective indices
of animals of the control group. In contrast to ACC
(group 1V), the use of CEP (group III) was asso-
ciated with a statistically significant (p = 0.01)
increase of De Ritis ratio (by 27.3 %).

In paracetamol-induced hepatitis in rats a statis-
tically significant (p < 0.001) 4.2-fold increase of
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the concentration of total bilirubin was observed
as compared with intact rats (Table 3). Indirect
bilirubin increased 5.2-fold, while direct biliru-
bin increased by 2.7 times compared to the val-
ues of intact rats and was, respectively, 14.1 + 0.6
umol/L compared with 47.0 + 1.8 umol/L. The
level of direct bilirubin significantly (p < 0.001)
decreased both with the use of CEP (by 52.5 %)
and with the use of ACC (by 55.3 %).
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Table 1: The effect of CEP on the biochemical lipid peroxidation and antioxidant system in
tissue homogenates in paracetamol-induced hepatitis in rats (M = m (95 % Cl), n = 28)

Experimental group

The studied
index, units of Group | . Groutp [} | . Grm:p IIII . Grmtjp IvI
measurement aracetamo aracetamol + aracetamol +
LRt hepatitis CEP ACC
n 7 7 7 7
TBA-AP, 9.4 x0.7 16.1 1.0 93x15 131 0.8
pmol/kg tissue (8.1-10.8) (14.1-18.2) (6.4-12.2) (11.5-14.7)
p,, <0.001 p,,=0.90 p,,<0.01
p,,<0.01 p,, = 0.04
p,,=0.04
Catalase, 3.4x02 22+0.2 2.6+0.2 3503
mcat/kg of (3.0-3.9) (1.7-2.7) (2.2-3.1) (2.9-41)
tissue p,,<0.01 p,,=0.03 p,,=0.90
p,,=0.20 p,., < 0.01
p,,=0.03
Antioxidant- 38.1+4.5 144 +2.4 326+54 275+2.8
prooxidant index (29.3 — 46.9) 9.7-19.2) (22.0-43.2) (21.9-33.0)
p,, <0.001 p,,=0.50 p,,=0.07
P, <0.01 p,, < 0.01
p,,=0.40

Indices , , .,

indicate the number of the group whose characteristics were compared; n — number of rats; CI: con-

fidence interval: ACC — amino acid L-cysteine — acetylcysteine; CEP — cryoextract of the placenta; TBA-AP — active

products of thiobarbituric acid;

Table 2: The effect of CEP on the activity of aminotransferases in the peripheral blood in rats
with paracetamol hepatitis (M = m (95 % Cl), n = 28)

Experimental group

The studied
index, units of Group | . Groutp [} | . GrOl:p IIII . Grmtjp IvI
measurement aracetamo aracetamol + aracetamol +
et hepatitis CEP ACC
n 7 7 7 7
ALT, 1.2+ 0.1 25+01 1.4+ 01 1.8 +0.1
pmol/(mLxh) (1.0-1.4) (2.3-2.7) (1.2-1.6) (1.7-1.9)
p,, < 0.001 p,,=0.15 p,,<0.001
P, < 0.001 p,, < 0.001
p,,<0.01
AST, 1.7+0.1 2.7+013 1.9+0.1 2.0+0.2
pmol/(mLxh) (1.5-1.9) (2.4-2.9) (1.7-21) (1.6-2.3)
p,, < 0.001 p,,=0.24 p,,=0.29
P, < 0.001 p,,<0.01
p,,=0.79
De Ritis ratio 1.5+0.2 1.1 +0.1 1.4+ 041 1.1 +0.1
(AST/ALT) (1.2-1.8) (1.0-1.2) (1.2-1.5) 0.9-1.3)
p,,=0.02 p,,=0.41 P, =003
p,,=0.01 P,,=0.89
P,,=0.03
Indices indicate the number of the group whose characteristics were compared; p, , is the level of statistical

1,234

significance of difference between the groups; n — number of rats; Cl: confidence interval; ACC — amino acid
L-cysteine — acetylcysteine; CEP — cryoextract of the placenta; ALT — Alanine aminotransferase; AST — Aspartate

aminotransferase;
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Table 3: Effect of CEP on the concentration of bilirubin in the peripheral blood of rats against
the background of paracetamol hepatitis (M = m (95 % Cl), n = 28)

The studied

Experimental group

index,unitsof  STUPL B etamol+ Paracetamol
measurement + +
IR hepatitis CEP ACC
n 7 7 7 7

Total bilirubin, 14408 611222 501+ 0.8 277 1.2

umol/L (12.8-161) (56.8-65.5)  (486-517)  (25.3-304)

p,,<0.001 p,,<0.01 p,,<0.001

D, <0.001 b, < 0.001

.. <0.001

Direct bilirubin, 53:04 14106 6.7 0.4 6.3+ 0.4

umol/L 46-120) (12.9-15.4) (5.9-75) (5.5-74)

b,, <0.001 D, =0.02 p,, =010

,. <0.001 D,, <0.001

n.,=0.48

Indirect 91207  47.0+18 43410 21.4 £ 1.00

bilirubin, ymol/L (7.8 -10.5) (435-50.5)  (41.6-453)  (19.5—23.4)

b, <0.001 p1-3 < 0,001 p1-4 < 0.001

p2-3 = 0.11 p2-4 < 0.001

p3-4 < 0.001

Indices , , , ,

indicate the number of the group whose characteristics were compared; n — number of rats; CI: con-

fidence interval: ACC — amino acid L-cysteine — acetylcysteine; CEP — cryoextract of the placenta;

Discussion

Presented study has shown that simulation of
paracetamol-induced hepatitis in rats was ac-
companied by activation of lipid peroxidation
processes in liver tissues. This was demonstrated
by a statistically significant increase in the con-
tent of TBA-AP in liver homogenates by 71.3 %
compared to the values of intact rats.

ACC administration resulted in decrease of TBA-
APlevel by 18.6 %.Administration of CEP resulted
in almost complete recovery of the TBA-AP level
in liver homogenates. The assessment of the level
of catalase (reflecting the activity of the antiox-
idant system) in liver homogenates showed that
the development of acute paracetamol hepatitis
was accompanied by a significant decrease of cat-
alase activity by 35.3 % (p < 0.01) as compared
to that of intact rats. In CEP administration, this
index increased by 18.2 % (p = 0.03) and in ACC
administration, it increased by 59.1 % (p < 0.01)
as compared with rats with paracetamol-induced
hepatitis. An integral assessment of the state of
the prooxidant-antioxidant system in liver ho-
mogenates showed that in paracetamol-induced
hepatitis, a statistically significant decrease in
the value of the API by 62.2 % was noted (p <
0.001). The use of CEP, as well as of ACC, resulted
in a significant 2.3-fold and 1.9-fold increase (p
< 0.01) of API, respectively, indicating a slightly

more pronounced ability of CEP to restore the
balance of the pro-oxidant-antioxidant system of
liver tissues.

The assessment of the activity of aminotrans-
ferases in peripheral blood showed that in acute
paracetamol-induced hepatitis in rats, there
was a significant 2.1-fold increase ALT activity,
as well as an increase of AST activity by 58.8 %
as compared with indices of intact rats. A dis-
proportionate increase in the activity of amino-
transferases led to a statistically significant (p
= 0.02) decrease of the De Ritis ratio by 26.7 %
as compared with the values in intact animals. A
low of De Ritis ratio can be observed during the
activation of gluconeogenesis processes via a glu-
cose-alanine shunt with participation of ALT. This
process which is necessary for maintenance of an
adequate blood glucose level, results in elevation
of activity of transaminases. Also, low De Ritis ra-
tio may imply a decrease of liver function.

The use of ACC led to a uniform decrease in the
activity of ALT and AST in the peripheral blood of
rats with paracetamol-induced hepatitis by 28.0
% and 25.9 %, respectively, as compared to the
parameters of animals without treatment. How-
ever, when the imbalance in the activity of ami-
notransferases caused by liver damage persisted,
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the De Ritis ratio was 26.7 % lower (p = 0.03) as
compared with the untreated animals. A signifi-
cant decrease in the activity of ALT (by 44.0 %)
and AST (by 29.6 %) was noted in group Il when
CEP was used, as compared to the respective in-
dices of animals of the control group. In contrast
to ACC, the use of CEP was associated with a sig-
nificant increase of De Ritis ratio (by 27.3 %),
indicating the recovery of metabolic balance in
liver.?®

Studies of liver pigment metabolism showed that
in paracetamol-induced hepatitis in rats a signifi-
cant (p<0.001) 4.2-fold increase of the concentra-
tion of total bilirubin was observed as compared
with intact rats. This increase was mainly due
to indirect bilirubin, which increased 5.2-fold,
while direct bilirubin increased by only 2.7 times
compared to the values of intact rats and was. An
increase in the level of total bilirubin mainly by
an increase in the indirect bilirubin portion is in-
dicative functional membrane-bound transport
system disorder involved in capturing of indirect
bilirubin.?8

The use of CEP led to decrease in the concentra-
tion of indirect bilirubin in a smaller extent than
the use of ACC. However, the ability to reduce the
level of direct bilirubin in the peripheral blood of
rats with paracetamol-induced hepatitis of the
two studied agents was similar: the level of di-
rect bilirubin significantly decreased both with
the use of CEP (by 52.5 %) and with the use of
ACC (by 55.3 %).

Conclusion

( \
The development of acute paracetamol-in-

duced hepatitis in rats was associated with
activation of lipid peroxidation processes in
liver tissues, as demonstrated by a statisti-
cally significant increase of TBA-AP content
in liver homogenates as compared with intact
animals. Also, there was a statistically signif-
icant rise in the activity of both ALT and AST
as well as a statistically significant increase
of total bilirubin concentration as compared
with intact rats.

The cryopreserved placenta extract showed

marked hepatoprotective activity in parac-

Koshurba et al. Scr Med 2023 Jun;54(2):133-9.

etamol-induced hepatitis in rats. This was
demonstrated by a statistically significant
increase of the antioxidant-prooxidant index,
a statistically significant decrease of the ALT
and AST activity, as well as a statistically sig-
nificant decrease of the level of direct biliru-
bin in rats treated with CEP as compared with
non-treated animals.
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Abstract

Background/Aim: Ventricular septal defect (VSD) is the most common con-
genital heart anomaly that in many cases closes spontaneously. The sponta-
neous closure (SC) rate of VSD varies widely between studies. The aim of this
study was to identify clinical and echocardiographic factors influencing SC of
isolated VSD in the first year of life among a group of patients presented at the
Paediatric Clinic.

Methods: Prospective study was performed in 60 consecutive patients with
trivial, small or medium isolated VSD during the first year of life. Patients were
divided into groups, according to gender and gestational age of the patient,
type, number and the size of the defect and persistence of pulmonary hyperten-
sion. The size of defect was described in comparison to the diameter of the aor-
tic annulus (VSD/Ao ratio).

Results: At the time of diagnosis, the mean VSD/Ao ratio was 0.33 mm. Muscu-
lar VSD was more common (76.7 %) than perimembranous (23.3 %). SC of VSD
occurred in 60 % of all patients, in case of muscular defect in 73.9 % and in case
of perimembranous in 14.3 %. There was a negative correlation between defect
size and SC rate. SC probability for a given defect size was described by the for-
mula: probability = -1.82933X+1.20145. None defect with pulmonary hyperten-
sion closed.

Conclusion: It was found that type and size of VSD and the persistence of pul-
monary hypertension were significant predictors for SC, while gender and ges-
tational age of the patient and the number of defects were not. This study can be
useful in predicting the natural outcome of the VSD to make proper follow-up
and management plans.
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Introduction

Ventricular septal defect (VSD) is an abnormal
congenital communication between the two ven-
tricles.! With an estimated a prevalence of 2 to
3.94 per 1000 live births, it is the most common
congenital heart anomaly.?® Since many cases are
asymptomatic and a large number of defects close
spontaneously before coming to the attention of
physicians, the true prevalence is probably even

Copyright © 2023 Predojevi¢ Samardzi¢ et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits i use, distribution and

higher. VSD is more common in premature infants
with prevalence of 4.5 - 7 per 1000 live births.®”
[t can occur as an isolated anomaly or with other
congenital heart defects and as a component of
complex congenital heart diseases. The isolated
form of VSD is the most common and accounts for
almost 50 % of all heart anomalies.'” These de-
fects are mostly classified according to their lo-

ion in any medium, provided the original work is properly cited.
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cation, size and number. In terms of phenotypic
features, VSD can be placed into one of three pri-
mary types. The first type, named muscular VSD,
is made up of a defect that has exclusively mus-
cular borders. In the second type, membranous
VSD, the posteroinferior quadrant of the defect is
made up of fibrous tissue. Since borders of this
type of defect usually are partly made of muscu-
lar tissue, it is usually named perimembranous.*
In the third type, the fibrous continuity is present
between the leaflets of the aortic and pulmonary
valves in the cranial margin of the defect. This
type of defect is doubly committed and directly
juxta-arterial because of the absence of any mus-
cular subpulmonary infundibulum.

The most objective estimate of defect size is
based on the ratio of the maximum diameter of
the VSD and the diameter of aortic annulus (VSD/
Ao ratio).! Usually, defects are considered small
if their diameter is less than one-third, medium
if it is between one and two-thirds and large if it
is greater than two-thirds of the aortic annulus
diameter. Trivial defects are small defects with a
diameter less than one-quarter of the aortic an-
nulus diameter. In some cases, there is more than
one defect, mostly located in the apical part of the
septum, which is called multiple VSD. The clinical
manifestation of an isolated VSD is related to its
size and the relationship between systemic and
pulmonary vascular resistances. The symptoms
typically become manifest in term infants be-
tween the fourth and eighth week, concomitant
with the decrease in pulmonary vascular resis-
tance. In premature infants the onset of symp-
toms is much earlier.! Today, echocardiography
has a major role in diagnosis, monitoring and
planning the appropriate treatment.

It has long been recognised that VSD in many
cases closes spontaneously and there is a num-
ber of observation follow-up studies about this
topic. Spontaneous closure (SC) rate of the de-
fect depends on multiple factors, of which, the
well-known are defects type, location and size.
The mechanism of closure depends on the loca-
tion, respectively on the type of VSD. The usual
mechanism of SC of muscular VSD is thought to
be muscular encroachment plus superimposed fi-
brosis or physical hypertrophy of the septal myo-
cardium or by fibrous tissue around the margins
leading to apposition of the edge of the defect.!?
The most considered mechanism of closure of
perimembranous VSD is the adherence of tricus-
pid valve leaflets which create an aneurysm that

Predojevi¢ Samardzié et al. Scr Med 2023 Jun;54(2):141-7. M

closes the defect.!® Doubly committed defects, on
the other hand, usually always require surgical
closure since they persistence courts the risk of
development of aortic valvular prolapse. ** The
SC rate of VSD varies widely between studies,
from 12 % to 84 %, depending to the age of the
patients, the location, size and type of VSD, diag-
nostic methods and the length of the follow-up
period.*? 1517 The overall reported rate of SC of
isolated VSD is between 44 % and 73 % by the
end of the first year of life.!> 141618 After that age,
the rate declines, especially after 3.5 years.!* The
size of the defect is one of the major predicting
factors for SC, especially in muscular defects.®
Defects greater than 66 % of the aortic annulus
diameter mostly need surgical closure.'”

The aim of the study was to identify clinical and
echocardiographic factors influencing SC of VSD
and to summarise a prediction formula including
contributing factors.

Methods

Study design and subjects

Prospective study was performed in 60 consec-
utive patients born between June 2017 and July
2019 who presented with isolated VSD at the Pae-
diatric Clinic of the University Clinical Centre of
the Republic of Srpska. Only patients with isolat-
ed VSD or VSD in combination with an open fora-
men ovale were included in the study. Those with
additional cardiac and other anomalies and with
chromosomal abnormalities were excluded. Pa-
tients were divided into groups, according to gen-
der (male or female), gestational age (mature or
premature), type of VSD (muscular or perimem-
branous), number of defects (single or multiple),
size of the defect (trivial, small or medium) and
persistence of pulmonary hypertension.

The size of VSD was described in comparison to
the diameter of the aortic annulus (VSD/Ao ra-
tio) in order to negate the influence of weight and
gestational age on the absolute VSD size. VSD was
considered trivial if it measures less or equal to
25 % of the aortic annulus diameter, small if it
measures more than 25 % but less or equal to 33
% and medium if it is more than 33 % but less or
equal to 66 % of the aortic annulus diameter. This
study did not include patients with large defects
and patients with doubly committed and direct-
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ly juxta-arterial VSD, since these usually always
require surgical treatment, rather than follow-up
observation.

Diagnostic procedure

VSD was detected with conventional two-dimen-
sional colour Doppler echocardiography. Indi-
cations for performing echocardiography was
auscultation of a heart murmur during a regular
physical examination of the newborn. The ven-
tricular septum was completely scanned and the
position, number and size of the defects were de-
termined. Defect size was measured in all planes
and the largest diameter of VSD was recorded
and the diameter of the aortic annulus was mea-
sured at the level of the valve (Figure 1).

( )

. J

Figure 1: Picture of the heart with VSD illustrating the mea-
surement of the VSD/Ao;

RV - right ventricle, LV - left ventricle; RA — right atrium; LA - left atrium; Ao -
aorta; PA - pulmonary artery; VSD - ventricular septal defect;

In the case of multiple defects, the size of the larg-
est one was studied, as it was considered that its
natural course most faithfully reflects the course
of the entire defect. Additional cardiac anomalies
were excluded. All patients were followed up pe-
riodically, every three to six months depending
on the size of the defect, till its closure or the end
of the first year of life. This follow-up period was
considered sufficient for the study since most of
the defects were expected to close during the
first year. The VSD was considered closed if the
echocardiogram of the ventricular septum was
normal, confirmed by colour Doppler mapping.
Doppler echocardiography measurements were
used also to estimate pulmonary artery pressure
with peak tricuspid regurgitation velocity and
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adding right atrial pressure. Other sign of pul-
monary hypertension, as right ventricle size and
pressure overload, pulmonary artery accelera-
tion time and pulmonary artery diameter, were
also searched.”

Statistical analysis

The Chi-square test was used to compare the dif-
ferences in SC of VSD between groups. A p-value
of less than 0.05 was regarded as statistically
significant. To estimate the SC probability for a
given statistically significant variable(s), logistic
regression analysis was used. The logistic regres-
sion model was generated with SC as a dependent
variable (SC as 1, no closure as 0) and defect size
that was described in comparison to the diame-
ter of the aortic annulus (X) as an independent
variable.

Ethics statement

The study was conducted according to the prin-
ciples expressed in the Declaration of Helsinki.
All parents of studied patients provided written
informed consent. Ethical authorisation was ob-
tained from the Ethics Committee of the Univer-
sity Clinical Centre of the Republic of Srpska (de-
cision No 01-9-396-2/17).

Results

Out of 60 patients born with isolated VSD, 31
(51.67 %) were males and 29 (48.33 %) were fe-
males, 46 (76.67 %) were born on term and 14
(23.33 %) were born prematurely. The mean age
of the patients at the time of diagnosis was 31.62
+58.55 days (range 1-240 days).

Muscular defect was found in 46 patients (76.67
%) and perimembranous in 14 patients (23.33 %).
Among patients with muscular VSD, 26 (56.52 %)
had defect in apical part, 16 (34.78 %) in middle
part and 4 (8.70 %) in anterior part of muscular
septum. None of patients had a defect in the pos-
terior part of the muscular septum. At the time
of diagnosis, the mean size of VSD was 2.5 + 1.15
mm (range 1-6 mm) and the mean VSD/Ao ratio
was 0.33 = 0.14 mm (range 0.09-0.66 mm). The
mean VSD/Ao ratio for muscular defects was 0.28
+ 0.08 mm and for perimembranous 0.55 * 0.13
mm. Trivial defect was found in 22 (36.67 %),
small defect in 16 (26.67 %) and medium defect
in 22 (36.67 %) patients. SC of VSD till the end
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Figure 2: Flow chart showing the distribution of the studied VSDs according to size, type and

natural outcome of defect

n - number; PM - perimembranous; M - muscular; SC - spontaneous closure; P - persistent; VSD - ventricular septal

defect;

of the first year of life occurred in 36 (60 %) pa-
tients. The distribution of the 60 studied VSDs,
according to size, type and natural outcome, is
shown in Figure 2.

Table 1: Distribution of the patients according to clinical and
echocardiographic indicators between the group with and the
group without SC of VSD

Indicator SC of VSD No SC of VSD  p-value
Total, n (%) 36 (60.00 %) 24 (40.00 %) -
Gender
Male 21(67.74%) 10 (32.26 %) 0.316
Female 15(51.72%) 14 (48.28 %)
Gestational age
Mature 27 (58.70 %)  19(31.30 %) 0.709
Premature 9 (64.29 %) 5 (35.71 %)
Number of defect
Single 31(64.58%) 17 (35.42 %) 0.263
Multiple 5 (41.67 %) 7 (58.33 %)
Type of defect
Perimembranous 2 (14.29 %) 12 (85.71 %) <0001
Muscular 34(73.91%) 12(26.09 %)
Size of defect
Trivial 19 (86.36 %) 3(13.64 %)
Small 10 (62.50 %) 6 (37.50 %) 0.001"
Medium 7(31.82%)  15(68.18 %)
Pulmonary 0(0.00%) 4 (100.00 %) -

hypertension

VSD - ventricular septal defect; SC - spontaneous closure; n - number; *p < 0.05;

Significantly different closure rates were found
for defects that differ in type (p < 0.001) and size
(p = 0.001). Muscular VSD had a higher closure
rate (7391 %) compared to perimembranous
VSD (26.09 %). Defects in apical and middle part

had higher closure rates (76.92 % and 75 %, re-
spectively) than defects in anterior part of the
muscular septum (50 %), but this difference was
not statistically significant. According to defect
size, the highest closure rate was in the group
with trivial VSD (86.36 %). Of 19 trivial defects
that closed spontaneously, one was perimembra-
nous and 18 were muscular defects. Three cases
of trivial VSDs, all muscular, did not close. Small
defects spontaneously closed in 62.50 % and me-
dium in 31.82 % of cases. VSD closure rate was
slightly higher in males (67.74 %) compared to
females (51.72 %), in prematurely born patients
(64.29 %) compared to those born on term (58.70
%), and in the case of a single defect (64.58 %)
compared to multiple defects (41.67 %), but these
differences were not statistically significant. Four
patients (6.66 %) had pulmonary hypertension.
In none of them, the defect was spontaneously
closed till the end of the first year. Differences of
results between patients with and without SC of
VSD are summarised in the Table 1 and Table 2.

Table 2: Distribution of the patients with muscular VSD accord-
ing to defect localisation between the group with and the group
without SC of VSD

Location SCof VSD  No SC of VSD Total

Apical 20(76.92%) 6(23.08%) 26 (56.52 %)
Middle 12(75.00 %) 4(25.00%) 16 (34.78 %)
Anterior 2(50.00%) 2 (50.00 %) 4(8.70 %)
Total, n (%) 34(73.91%) 12(26.09 %) 46 (100.00 %)

VSD - ventricular septal defect; SC - spontaneous closure; n - number; Chi-
Square: 1.318; p-value: 0.517 (p > 0.05); Location: Muscular defect according
to location in muscular part of ventricular septum;
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VSD size (VSD/Ao)
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Figure 3: Logistic regression line shows the probability of SC of
VSD depending on the size of the defect (VSD/Ao ratio);

1: closed VSD, 0: persistent VSD; Chi-Square: 16.765, p =0.0009; VSD - ven-
tricular septal defect; SC - spontaneous closure; Ao - aorta;

The SC probability for a given defect size, as a
statistically significant variable, was estimated
using logistic regression analysis (Figure 3). The
relationship between defect size (VSD/Ao ratio)
and SC probability was described by the follow-
ing prediction formula:

probability = - 1.82933X + 1.20145.

Discussion

The present study was conducted in order to
evaluate the SC rate of isolated VSD during the
first year of life. From 60 consecutively enrolled
patients with isolated VSD, there was almost the
same number of male and female patients, con-
sistent with the well-established fact that there
is no gender predilection in VSD.?° Preterm born
patients account for 23.33 %. Since the aver-
age incidence of preterm birth rate in Europe is
10.6 %, this result is in line with known fact that
VSD is more common in premature than in term
born infants.? 222 The mean age of the patient
in this study at the time of diagnosis was 31.62
days, when the onset of symptoms in the case of
a smaller defect, such as was studied, is usually
not yet expected.!’ The explanation for this early
finding is that echocardiography was performed
because of the auscultation of a heart murmur as
an isolated sign.

In presented study, the frequency of muscular
VSD was higher than of perimembranous (76.67
% compared to 23.33 %), that differs from stud-
ies that include wide paediatric population and
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classically report that perimembranous defects
account for approximately 75 % of total VSDs.%
7 This difference likely reflects the facts that the
vast majority of prenatally diagnosed VSDs are
muscular and that the rate of SC in the postnatal
period is higher in muscular than in perimem-
branous defects and probably combined with the
high number of muscular defects that are undi-
agnosed due to the common absence of clinical
signs.”1*22 23 This predominance of muscular de-
fects in this study is consistent with the results of
studies in which VSDs were screened in non-se-
lected populations using echocardiography.?23

It was found that 60 % of all studied VSDs were
closed by the end of the first year of life, which
is within the range of results of many previous
reports.® 131418 The closure rate was significantly
higher in muscular (73.91 %) compared to per-
imembranous VSD (14.29 %), which generally
could be explained by different closing mech-
anisms and, in this study, with a much smaller
mean size of muscular compared to perimem-
branous VSD. Other studies reported a similar
SC rate for muscular VSD (69 % to 74 %), but
higher for perimembranous VSD (22 % to 28 %)
compared to presented results.’> 2 A possible
explanation for this difference in results is the
relatively larger average size of the perimembra-
nous defect in presented patients and the shorter
follow-up period compared to other studies. The
location of the defect within the muscular part of
the septum seems that also affects the CS rate.
Other studies state that it is slightly higher in de-
fects located in the central part of the muscular
septum compared to those in its apical, anterior
and posterior parts.’®?* In this study, defects in
the middle and apical parts of the septum had ap-
proximately similar SC rate (76.9 % and 75 %),
which was higher than the SC rate of defects in
the anterior part of the muscular septum (50 %),
although this difference was not statistically sig-
nificant. This difference in rates of spontaneous
closure of defects in different parts of the muscu-
lar septum between this and other studies could
be explained by presented small patient sample.
The results of this and other studies indicating
that the SC rate of VSD depends on its localisation
are particularly useful for predicting the natural
outcome of VSD in newly diagnosed patients.

The SC rate in this study, as in many previous
studies, shows negative correlation with the size
of the defect.®” The trivial VSD had, expectative,
the highest closure rate (86.36 %), but in three
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cases these defects have not closed till the end of
the follow-up period. This is particularly unusual
because they all were muscular and were not ac-
companied by pulmonary hypertension. This re-
sult leads us to a conclusion that other unknown
factors also influence defect closure, which could
be a subject of future studies. With data of the
natural outcome of studied VSDs for a given de-
fect size, the linear regression model obtained a
formula for calculating the probability of SC that
could be useful in predicting the natural outcome
of this anomaly.

In general, multiple VSD, because of alarger shunt,
has a lower SC rate than single VSD. According to
one report, multiple VSD closes spontaneously in
the first year only in 20 % of the cases.!® In this
study, multiple defects closed spontaneously in
41.67 % of the cases, which is not statistically
significantly different from the SC rate of a single
defect.

Pulmonary hypertension is a negative factor for
SC of VSD according to many previous studies.®
12,16 Although there were only four patients with
VSD who had pulmonary hypertension in this
study, it is significant to point out that in none of
them defect spontaneously closed.

It seems that gender and gestational age does not
affect the incidence of SC. In this study, the SC of
VSD rate was slightly higher in males (67.74 %)
compare to females (51.72 %), in accordance with
Li et al report and opposite to Farina et al report,
although these differences did not reach statis-
tical significance in either study.'* >* The rate of
SC in premature infants in presented study was
almost similar to those born on the term, in line
with other reports.'% %

There were some limitations in this study. Be-
cause of small the number of patients and short
the follow-up time, the results can be useful in
predicting the natural outcome of the anoma-
ly, but they do not have a diagnostic value. Only
those factors that are found to be significant pre-
dictors of the outcome were examined, but other
unmeasured factors could also influence defect
closure and, therefore, the result. A simplified
classification of VSDs was used. Determining
the size of septal defects is not always easy, and
therefore, results reported in relation to the size
of the defect should be interpreted with caution.
Finally, VSDs that were considered isolated ac-
cording to the clinical findings during a follow-up
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time were studied, which is insufficient for de-
tection of the possible delay in psychomotor de-
velopment or growth, so some syndromic cases
could have been missed.

Conclusion

It was found that type and size of VSD and the
persistence of pulmonary hypertension were
significant predictors for SC, while gender and
gestational age of the patient and the number
of defects were not. This study can be useful
in predicting the natural outcome of the VSD
to make proper follow-up and management
plans.
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Introduction

According to WHO estimates, the population of jected to increase to 75 million. The frequency of
people living with dementia, could be as high as  dementia may be estimated to be threefold more
50 million."? It seems that by 2030, it may be pro- by 2050. The global count of dementia in 1990
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was 20.2 million, which became 43.8 million in
2016. This increase of 117 % contrasted with a
minor increase in age-standardised prevalence
of 1.7 %, from 701 cases per 100,000 population
in 1990 to 712 cases per 100,000 population in
2016.* It seems that globally, dementia was the
fifth leading cause of death, accounting for 2.4
million deaths.* The strength of people with de-
mentia will increase in the Asia-Pacific region,
from 23 million in 2015 to almost 71 million by
2050.

It is possible that more than half of the risk of
dementia could be due to the modifiable risk fac-
tors; obesity, diabetes, smoking and due to age-
ing.* Diet and lifestyle guidelines proposed by In-
ternational College of Nutrition and International
College of Cardiology emphasise on desirable
levels of risk factors and protective factors for
prevention of dementia.® Apart from diet and life-
style factors, age, obesity, diabetes and cardio-
vascular diseases (CVDs); are major risk factors
of dementia.* Epidemiological studies indicate
that diabetes mellitus,® hypertension,” obesity?®
and coronary artery disease (CAD)° have been
demonstrated to be risk factors that predispose
memory dysfunction and dementia. A previous
study confirmed that late-life depression is asso-
ciated with increased risk of dementia and sup-
plied evidence that late-life depression may be
an early manifestation of dementia rather than
increasing risk for dementia. Later research has
found that a longitudinal worsening of CVD risk
is associated with midlife cognitive decline and
the worsening of single CVD risk factor has been
shown to be associated with an increased risk of
memory impairment and dementia.!

In previous publications based on subjects of this
study, prevalence of behavioural risk factors of
dementia was reported'?’* and questionnaire
for assessment of dementia.'’® This study, aimed
to examine the association of CVDs and diabetes
with risk of dementia in an urban population of
India.

Methods

Informed consent was achieved from each sub-
ject and study was approved by the Institution-
al Ethic Committee, in accordance with Helsinki
Declaration 1964.

Singh et al. Scr Med 2023 Jun;54(2):149-55. [l

This cross-sectional survey included randomly
selected 20 streets from the urban area of the city
of Moradabad.!® All the subjects were random-
ly selected, based on voter’s list, with an aim of
choosing, 40-100 adults, aged 25 years and above,
from each block. The 2222 subjects aged 25 years
and above were invited, of which 220 (9.90 %) did
not volunteer to participate and rest 2002 (1016
men and 986 women) agreed to be part of this
study. Interviews were performed in detail, with
the help of pretested and validated question-
naires, for assessment of behavioural risk factors
and protective factors, prepared according to the
guidelines of WHO and Indian Council of Med-
ical Research. All the subjects were evaluated
by a dietitian and physician administered ques-
tionnaire, a physical examination and sphygmo-
manometer, electrocardiogram (ECG) and blood
tests.

Criteria for diagnosis of risk factors and
dementia

The criteria for the diagnosis of some of the be-
havioural risk factors; tobacco intake, western
type diet, sedentary behaviour and alcoholism
as well as memory dysfunction or dementia were
based on previous studies and have already been
reported in earlier publications.'?'* In brief, de-
mentia was diagnosed based on a new question-
naire; Mild memory dysfunction (MMD) was
identified if there was possible impairment of
memory (score 21-40). Impairment of memory
was considered if the score was 41-60. The pres-
ence of dementia was identified at score 61-80
on the basis of the instrument.'*'* Low cognitive
activity was diagnosed based on questionnaires
related with mental work. Sleep disruption was
considered in presence of sleep in the night of <
6 hours duration and/or disturbed sleep with
frequent awakening. Low education was consid-
ered in presence of total education of < 5 years
in school.

Criteria for diagnosis of biological risk factors

The diagnosis of biological risk factors of demen-
tia such as hypertension, CAD, obesity, diabetes
was based on WHO criteria described earlier.!®
Body mass index (BMI) was calculated and obesi-
tywas defined asa BMI>30kg/m?and overweight
when BMI > 25 kg/m? to 29.9 kg/m?. Figures for
criteria according to the Indian consensus group
for overweight (> 23 kg/m?), were also calculat-
ed. Central obesity was considered when waist
- hip ratio > 0.90 in males and > 0.80 in females
were observed, as suggested in previous studies.
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Diabetes mellitus was diagnosed in presence of
fasting blood glucose > 7.1 mmol/L (126 mg/dL)
and postprandial 2 h after 75 g of oral glucose >
11.2 mmol/L (> 200 mg/dL). Glucose intolerance
was diagnosed in presence of fasting glucose be-
tween 110-126 mg/dL and postprandial glucose
between 180 to 200 mg/dL. The measurement of
blood pressure (BP) was made in right arm after
5 minute rest, as reported earlier considering:
systolic and diastolic phase V of Korotkoff, after 5
min rest as per guidelines of WHO in all subjects.
The diagnosis of high BP was made if systolic BP
was 140 mm Hg and above and diastolic BP 90
mm Hg and above.

CAD was identified by: (a) past or present history
of myocardial infarction or angina or/and earlier
identification of CAD; (b) positive Rose question-
naire and (c) specific findings in the ECG: Minne-
sota codes 1-1, 4-1, 5-9, 5-2 or 9-2. If all the three
criteria were present, then it was diagnosed as
CAD. Known CAD was also considered as pres-
ence of disease. In addition, affirmative response
to Rose questionnaire and ECG with certain spe-
cific changes were also considered CAD.'*13

Biochemical data

Venous blood samples were collected after a
fasting of about 10 hours in the morning in all
subject for analysis of the blood glucose and
blood cholesterol and routine blood tests.

Statistical analysis

The continuous variables were given as mean
and standard deviation and prevalence rates
in percent. Statistical value of association of
various risk factors was found out by multi-
variate logistic regression analysis. The odds
ratios and 95 % confidence intervals were
obtained to find out level of significance us-
ing multivariate model. This was done after
adjustment of age and sex using overall prev-
alence of cognitive deficit, as the dependent
variable. Only p-values < 0.05 and two tailed
t-test were considered significant.

Results

The results showed that the prevalence of de-
mentia was significantly greater among subjects
above 60 years of age in both sexes and trend was
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significant as reported earlier.'> 13 The prevalence
of dementia and/or memory impairment was
more common among men compared to women,
respectively [84 (8.26 %) vs 53 (5.27 %)] with to-
tal prevalence of 6.84 % (n = 137)."* The preva-
lence of biological risk factors such as age above
60 years, diabetes mellitus, CAD were more com-
mon among men compared with women (Table 1).

Table 1: Prevalence of biological risk factors and protective fac-
tors of dementia among men and women

Risk factors and

protective factors of Men Women Total
dementia (n=1016) (n=986) (n=2002)
Depressionand mood 225 (22.1)  215(21.8) 440 (22.0)
Protective factors
Mastication of foods
o ) 231(22.7) 197 (19.9) 428 (21.4)
(> 30 mastications/bite)
Biological risk factors
Age > 60 years 226 (22.2)* 169 (17.1) 395 (19.7)
Diabetes mellitus 81 (8.0)* 52 (5.3) 133 (6.6)
Hypertension 285 (28.0) 248 (25.1) 533 (26.6)
Hypercholesterolaemia 313 (30.8) 317 (32.1) 630 (31.4)
Overweight/obese 321 (31.6) 324 (32.8) 645 (32.2)
Coronary artery disease 132 (13.0)* 98 (9.9) 230 (11.4)

*0 < 0.05, **p < 0.01 (Chi square test), Values are number (%); Hypertension:
blood pressure > 140/90 mm Hg; Hypercholesterolemia: cholesterol > 5.18
mmol/L; Overweight/obese: body mass index > 25 kg/m¥;

The frequency of biological risk factors such as
age>60years, diabetes mellitus and obesity, were
highly prevalent risk factors among patients with
dementia whereas hypertension, high cholester-
ol, CAD and family history of dementia were not
very common but frequency was significant. The
frequency of risk factors among patients with de-
mentia and those without dementia are given in
Figure 1. Depression and mood disorders, diabe-
tes mellitus, hypertension, hypercholesterolae-
mia, obesity, coronary artery disease and family
history of dementia were significantly more com-
mon among patients with dementia compared to
rest of the subjects. Tobacco and alcohol are not
common in women.

Multivariate logistic regression analysis showed
that regardless of age and BMI, diabetes mellitus,
obesity, age > 60 years and CAD were highly sig-
nificant (p < 0.001) risk factors of dementia. Hy-
pertension and family history of dementia were
weakly but significantly (p < 0.05) associated
with dementia. Depression and mood disorders
as well as high cholesterol were not associated
with dementia (Table 2).
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Frequency of biological risk factors of Dementia, among
Dementia patients compared to rest of the subjects in both sexes
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Figure 1: Frequency of biological risk factors of dementia among patients with and without
dementia

Table 2: Multivariate logistic regression analysis for association
of risk factors with risk of dementia after adjustment of age and

body mass index, among men and women

Men Women
Risk factors (n=1016) (n =986)
Depression and mood 0.83(0.71-0.97)  0.83(0.71-0.97)

disorders

Diabetes mellitus 0.73(0.66-0.79)** 076 (0.70- 0.84)**

)
Age > 60 years 0.78 (0.70-0.88)**  0.83 (0.75-0.92)**
Hypertension 0.90(0.81-0.99)*  0.91 (0.82-0.99)*
Overweight / obese 0.75(0.68-0.80) **  0.73 (0.66-0.81)**
Coronary artery disease 0.88 (0.81- 0.94)**  0.90 (0.84-0.97)**
) )

Hypercholesterolaemia 0.87 (0.71-0.1.00 0.91(0.73.-1.18

Family history of dementia .88 (0.78-0.96)*  0.89 (0.80-0.99)*
*n < 0.05, *p < 0.001, p-value was obtained by regression analysis; Values
are presented as odds ratios (95 % confidence intervals); Hypertension: blood
pressure > 140/90 mm Hg; Hypercholesterolaemia: cholesterol > 5.18 mmol/L;
Overweight/obese: body mass index > 25 kg/m?;

Discussion

This study shows that after adjustment of age
and BMI, diabetes mellitus, overweight/obesity,
age > 60 years and CAD were highly significant
(p < 0.001) risk factors of dementia. Hyperten-
sion, family history of dementia were weakly but
significantly (p < 0.05) associated with dementia.
Depression and mood disorders as well as high
cholesterol were not associated with dementia.
The overall prevalence of dementia was 6.84 %
(n = 137) and risk of dementia showed signifi-
cant increase with increase in age after 55 years
as reported earlier.!> 3 The population of India

is extremely diverse in terms of socio-economic,
lifestyle and behaviour, cultural, linguistic, geo-
graphical and genetic factors.’® The epidemiologi-
cal transition in India from communicable diseas-
es to non-communicable diseases as well as the
unequal disease burden between different states
within India is common.'” These variations in dis-
eases in different states, may be due to varying
grades of economic development and alteration
in diet and lifestyle factors.” Epidemiological
studies conducted in India indicate that the prev-
alence of vascular and metabolic risk factors, as
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well as white matter hyper-intensities, differ be-
tween urban and rural cohorts.'”#° It seems that
the study of the role of vascular risk factors, so-
cioeconomic, cultural factors and genetic influ-
ences on dementia prevalence and progression in
Indian populations is urgently needed.

In a recent study, involving a total of 62,372 pa-
tients, 10,417 (16.7 %) had diabetes and 43,023
(69.0 %) had obstructive CAD.° After a median
follow-up of 5.8 years patients with both diabetes
and CAD had the highest risk of dementia (aHR
1.47, 95 % CI 1.27-1.71), including Alzheimer’s
dementia (aHR 1.26, 95 % CI 1.01-1.56) and vas-
cular dementia (aHR 2.60, 95 % CI 1.78-3.80), as
well as ischaemic stroke (aHR 2.02, 95 % CI 1.77-
2.32). Patients with either diabetes or CAD were
at intermediate risk of dementia and ischaemic
stroke. No significant trend was observed be-
tween the extent of CAD and risk of dementia in
diabetes patients (p for trend = 0.069). It is possi-
ble that both diabetes and CAD were independent
risk factors of dementia. Patients with combined
diabetes and CAD had a particularly higher risk
of cognitive impairment and ischaemic stroke.’

There are several studies from India reporting
the prevalence and determinants of dementia.?!2¢
In an Indian survey among 560 participants, 140
(25 %) patients were identified with impairment
of cognition and the risk was higher among rural
(27.6 % vs 18.5 %) and female (29.8 % vs 19.1 %)
subjects compared to urban subjects, respective-
ly.2! The increased risk among rural subjects may
be due to lower education and lower quantity of
fruits and vegetables in the diet of rural popu-
lation. In a cohort, comprising of 1066 subjects,
104 had dementia (98 with Alzheimer’s demen-
tia - AD) during 8.1 years of follow-up.?? In the
elderly subjects, aged = 65 years, the incidence
rate was 21.61 per 100,000. These rates of AD,
appear to be much greater than that reported
from rural north India, comparable with those
reported from China and marginally lower than
those reported from the Western world.?? The
prevalence of biological risk factors of dementia,
in a previous study, among 595 elderly subjects
> 50 years, was quite high (18.6 %, n = 111), be-
cause more than 50 % of subjects had either obe-
sity, or hypertension or CAD or diabetes mellitus
among urban subjects.”® A community study was
conducted over 5 years (2003-2008) in Kolkata,
India, on 100,802 (male: n = 53,209) randomly se-
lected subjects to assess prevalence and capture
data on incident cases and deaths.?* Standard
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case definitions were used. The data were used to
estimate years of life lost (YLL) due to premature
mortality, years of life lived with disability (YLD)
and DALY, based on Global Burden of Disease
2010 approach. In a cohort study among 100,802
subjects, including 53,209 males, there were 103
(55 men) cases of dementia, with a prevalence of
1.53 % (age adjusted 1.12 %) at age = 65 years.**
In those = 55 years age, average annual incidence
rate of dementia was 72.57 per 100,000. In a sam-
ple of 500 subjects from hill region, mean age 69
years, no subject had dementia which may be due
to enormous physical activity, natural environ-
ment and traditional diet.?

A rural and urban study included, 750 subjects
aged 60 years and above from rural area and
1300 older people 65 years and above from urban
area in South India.?® The prevalence of demen-
tia was higher among rural compared to urban
subjects (3.5 % vs 2.7 %). It seems that, the only
viable option, is to address primary as well as bi-
ological risk factors and promotion of protective
factors for primary prevention of dementia.'* **
18 It is possible that the development of an effec-
tive systemic health-care model for delivery of
services to the families and patients with demen-
tia keeping our sociocultural beliefs in mind may
be useful. Every step should be taken to improve
awareness regarding dementia and its preventive
measures, to halt the epidemic, thereby contrib-
uting to the sustainable development goals.'® 1°
Low-cost, culturally appropriate and modifiable
interventions need to be developed expeditious-
ly and implemented through public health mea-
sures to reduce the growing burden of demen-
tia.?”3% A large cohort study, including 1,958,191
people from UK, with a median age, 55 years and
a median follow-up of 9.1 years, showed that de-
mentia occurred in 45,507 people, at a rate of 2.4
cases per 1000 person-years.>* Compared with
people of a healthy weight, underweight people
(BMI < 20 kg/m? had a 34 % higher (95 % CI 29-
38) risk of dementia. Interestingly, the incidence
of dementia continued to fall for every increasing
BMI category, with very obese people (BMI > 40
kg/m? having a 29 % lower (95 % CI 22-36) de-
mentia risk than people of a healthy weight.

Analysis of demographic data indicate that the
patterns of dementia are driven by decline in fer-
tility in conjunction with rise in life expectancy,
which together can predispose significant chang-
es in the age structure of the population.?* Eco-
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nomic development may be associated with many
societal changes alongside the rise of non-com-
municable disease in East Asia, which can alter
the prevalence of dementia in the future once
those cohorts with high risk of dementia reached
their older age.?*? In a cohort study, involving
6220 subjects (54.8 % females), aged 65 years
and older, 463 individuals (7.4 %) had new onset
of dementia ascertained in the 12 years of follow
up period.?® In the cohort born between 1926 and
1943, the hazard of developing dementia was
1.68 times greater (hazard ratio [HR] = 1.68 [95
% CI, 1.05-2.86]) for those who were relatively
poor compared with those in the highest quintile
of wealth, independent of education, index of mul-
tiple deprivation and health indicators. The lower
risk of dementia among rich people may be due
to increased consumption of fruits, vegetables
and nuts and better cognitive activity as well as
better spare time physical activity. Since diet and
lifestyle factors can modulate all the biological
risk factors of dementia, hence diet and lifestyle
guidelines should be developed along with suit-
able drug therapy for prevention of dementia.

Conclusion

~
Biological risk factors such as diabetes mel-
litus, obesity, CAD, hypertension and stroke
should be treated with optimal medical thera-
py along with modification of behavioural risk
factors of dementia. It is possible that improve-
ment in diet and lifestyle factors along with
drug therapy of biological risk factors, may be

useful in the prevention of dementia.
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Abstract

Background/Aim: Anatomical variations of the gastric vessels during laparo-
scopic surgeries of the stomach and related viscera frequently impair the sur-
geon's judgment, extend the duration of surgery and sometimes can lead to ac-
cidental surgical injuries, rendering it not possible to assure the safety and
effectiveness of the surgical treatment. This research paper aimed to examine
the variations of the left gastric artery (LGA), which could have implications for
surgical and interventional procedures of the gastrointestinal tract (GIT) and
related organs.

Methods: Fifty specimens, of which 22 were dissected from cadavers and 28
were acquired from post-mortems among the Indian population, regardless of
age or sex were examined for variant LGA. In addition, the variation of the celiac
trunk was observed in 10 patients using 3D-CT images, which were created by
reconstructing multiple-slice computed tomography (CT) using 3-dimensional
CT simulation software (3D-CT).

Results: The classical pattern origin of LGA from the celiac trunk was observed
in 96 % specimens. In 2 % gastrophrenic trunk emerged from the abdominal
aorta (AA) slightly proximal to the celiac trunk, then it branched into LGA and
left and right inferior phrenic arteries. In remaining 2 %, LGA was the branch of
the splenic artery. In 10 individuals radiological examination was conducted
and found no abnormal pattern of celiac trunk.

Conclusion: Observing and reporting the variation in the gastric vessels by dif-
ferent methods has certain clinical value in upper gastrointestinal surgeries
and interventions. The duration can be prolonged and the intraoperative blood
loss is increased with the vascular variations. Overall, this research paper pro-
vides important information on the prevalence of anatomical variations of the
LGA, which could help improve the safety and efficacy of upper gastrointestinal
procedures.

Key words: Left gastric artery; Stomach; Coeliac trunk; Anatomical variations;
Gastrointestinal surgery.

i 1. Department of Anatomy, Apollo Insti-

tute of Medical Sciences & Research,
Chittoor, Andhra Pradesh, India.

2. Department of Anatomy, Government
Medical College, Mahabubnagar, Tel-
angana, India.

3. Department of anatomy, Government

Medical College, Ongole, Andhra
Pradesh, India.

Correspondence:

JYOTHI ASHOK KUMAR

E: jyothiashok.anatomist@gmail.com
T: 4918885333052

ARTICLE INFO

Received: 31 May 2023
Revision received: 13 June 2023
Accepted: 15 June 2023

Introduction

Usually, the left gastric artery (LGA) is a branch
of the coeliac trunk, it travels posterior to the
lesser sac within the gastro-pancreatic ligament
toward the left and upward direction being en-

closed here in the gastropancreatic fold. Then
it runs the dorsomedial aspect of the stomach,
thence along the lesser curvature, followed by
it splitting it into ventral and dorsal branches

Copyright © 2023 Ande 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.
This article should be cited as follows: Ande T, Makani TK, Nannam K, Velichety SD, Kumar JA. Left gastric artery variants: a cadaveric, postmortem, and radiological investigation. Scr Med 2023

Jun;54(2):157-61.
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to supply the stomach. Posterior branch in the
lesser curvature anastomoses with right gastric
artery.! The LGA not only supplies to the stom-
ach but also supplies to the terminal part of the
oesophagus. In the surgeries of the stomach and
terminal oesophagus, care must be taken to spot
the arteries around the stomach, even during
the removal of lymph nodes.? Any damage or oc-
clusion of the LGA can lead to severe complica-
tions such as gastric ulcer and bleeding. During
oesophageal reconstruction usually, LGA is cut,
which leads to avascular hepatic necrosis in the
individuals with left hepatic artery as the branch
from the LGA.®> The LGA does not always arise
from the usual site, it may arise from the aorta
with a higher prevalence from a superior mesen-
teric artery with a lower prevalence.* This may
lead to technical issues in the procedures of tran-
sarterial chemoembolisation and infusion thera-
py for liver cancer patients.® If the existence of a
posterior gastric artery behind the stomach is a
branch from the splenic artery, the significance
of the exact depiction of the posterior gastric ar-
tery is vital for gastric and pancreatic surgeries.®

The rationale of this investigation was to study
the anatomical variations in the origin and path
of LGA to provide preoperative knowledge of vas-
cular variations that would facilitate surgeons to
avoid extensive dissection and vascular damage.

Methods

Institutional Ethical Committee of Sri Ven-
kateswara Medical College, Tirupati, India was
granted permission (SVMC/Institutional Ethical
Committee/Acad No: 305/12/2013). All the par-
ticipants, relatives of the deceased and donors of
the cadaver signed a written waiver of informed
consent. The study included 50 human speci-
mens, of which 22 were obtained from cadavers
in the dissecting theatre and 28, regardless of age
or sex, from post-mortem examinations among
Indian residents. The investigation was conduct-
ed in Anatomy Department at Sri Venkateswara
Medical College, Tirupati, Kurnool Medical Col-
lege, Kurnool and AIMSR, Chittoor, India. Dis-
section was done based on the instructions of
the second volume of Cunningham's Dissection
Manual. The arteries which were supplied to the
stomach were traced carefully. In each instance,
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a schema was drawn. The source of origin, course
and relations of LGA were observed. Besides, the
variation of the celiac artery was evaluated in 10
individuals using 3D-CT images, which were cre-
ated by reconstructing multiple-slice CT using
3-dimensional CT simulation software (3D-CT).

Results

The classical pattern origin of LGA from the ce-
liac trunk was observed in 48 specimens. In one
sample gastrophrenic trunk emerged from the ab-
dominal aorta (AA) slightly proximal to the celiac
trunk, then it branched into LGA and left and right
inferior phrenic arteries (Figure 1). In another
sample, LGA was the branch of the splenic artery
(Figure 2).

The LGA splatted into ventral and dorsal branches
immediately after a little distance from its origin
to supply the corresponding surfaces of the stom-
ach (Figure 3).

Figure 1: Hepatolienomesenteric trunk with dorsal pancreatic
artery. Gastrophrenic trunk arose from the aorta

CT = Coeliac trunk; CHA = Common hepatic artery; Spl A = Splenic artery,
RIPA = Right inferior phrenic artery; LGA = Left gastric artery; LIPA = Left
inferior pancreatic artery; SMA = Superior mesenteric artery; DPA = Dorsal
pancreatic artery;

The LGA had given branches to the oesophagus
and stomach, in addition, it has given supplemen-
tary branches such as the inferior phrenic artery
(IPA) and replaced left hepatic artery (LHA). The
[PAs were a branch of the LGA in 2 cases. The left
inferior pancreatic artery (LIPA) emerged from
the LGA in another case (Figure 4). In one more
specimen, the LGA was the branch of the abdom-
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inal aorta and it divided into right and left IPA as
the gastrophrenic trunk (Figure 1). In two instanc-
es, the LHA was substituted for the LGA (Figure 5).
r )

. J
Figure 2: The coeliac trunk divided into the hepatic artery
and splenic artery. The left gastric artery took origin from the
splenic artery

LGA = Left gastric artery; Spl A = Splenic artery; CT = Coeliac trunk; CHA =
Common hepatic artery;

J
Figure 3: Left gastric artery (LGA) is divided into two branches
that supply the anterior and posterior surfaces of the stomach

CT = Coeliac trunk; CHA = Common hepatic artery; Spl A = Splenic artery;
LGA = Left gastric artery;

Figure 4: Left inferior phrenic artery emerged from the left gastric
artery

CHA = Common hepatic artery; Spl A = Splenic artery; LGA= Left gastric
artery; LIPA= Left inferior pancreatic artery;

J
Figure 5: Replaced LHA arose from the left gastric artery. PHA
continuing as RHA only

LHA = Left hepatic artery; PHA = Proper hepatic artery; RHA = Right hepatic
artery; CHA = Common hepatic artery; LGA = Left gastric artery;

\. J

Figure 6: Representative images of reconstructed volumetric
3D rendered CT angiogram in A) AP projection B) sagittal pro-
jection showing the origin of the coeliac trunk and its branch-
es. C) Axial section of CT angiogram showing the origin of
coeliac trunk from the aorta

CT = Coeliac trunk; Ao = Aorta; AP = anterioposterior; CT = computed tomography;

To correlate cadaveric and autopsy investigation
conducted CT angiogram and reconstructed vol-
umetric 3D rendered angiogram to observe the
celiac trunk anatomical variation but didn’t find
any variation from the classical pattern (Figure
6A, B, C).
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Discussion

This study conducted a systematic investigation
of cadaveric, postmortem dissections and CT an-
giography images to identify and report the LGA
variations in comparison with normal classical
patterns of the origin and course of these blood
vessels. In healthy people, these anatomical dif-
ferences are asymptomatic, but they will have
crucial importance in individuals who have to
undergo abdominal surgeries and investigation
procedures.

Existing literature reported that in 94.4 % of cas-
es, the LGA was the branch of the celiac trunk,
in 2.7 % of cases it is a branch of the splenic ar-
tery (SA), in 2.1 % it arose from the aorta and in
0.3 % of cases from the common hepatic artery
(CHA).” In this study, the LGA was the branch of
celiac trunk in 96 %, the branch of SA in 2 % and
the direct branch of AA and LGA as the branch of
the CHA was not observed. The observations of
this study are in line with earlier investigations
such as LGA is the branch of AA was document-
ed by Eaton in 4.5 %,® in 1.5 % by Lipshutz,’ and
in 0.5 to 1.5 % by Yildirim et al.! In the current
investigation occurrence was 2 %, which is
the same as that of Lipshutz research. The case
study published in 2014 reported that the LGA
emerged from the ventral aspect of AA just prox-
imal to the hepatic trunk at the level of the first
lumbar vertebra.’? It is similar to existing liter-
ature! and current study. In other literature, the
LGA emerged abnormally among 13 of the five
hundred individuals, most commonly as a direct
aortic branch.® The IPA and the LGA were the
branches of the trunk called the gastro-phrenic
trunk, which arose from the aorta.’?** This study
also observed a similar pattern.

A recent study reported that the hepato-gas-
tro-phrenic trunk (HGPT) is the branch of AA at
the origin point of the celiac trunk. Its initial branch
was the LIPA and it continued as the hepato-gastric
trunk (HGT). During its course on the way to the di-
aphragm, the left [PA gives a branch to the left adre-
nal gland. HGT splitinto the LGA and a branch to the
CHA at a length of 10.3 mm. No splenic artery (SA)
emerged from the celiac trunk.!® The CHA, SA, left
IPA and LGA were all formed by the quadrification
of the celiac trunk,* but in the current investigation,
the gastrophrenic trunk was the branch of AA and
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it had given LGA, then it was divided into left and
right IPAs. In previous research observations,
the LGA had been divided into ventral and dorsal
branches to supply corresponding aspects.” 1617
The findings of this study also revealed similar
patterns in one individual (2 %).

The report of Piao et al revealed that in 2.9 %
of cases, the IPA is a branch of LGA.*® In a recent
investigation, the LGA is given origin to the in-
ferior RIPA and LIPA, while no celiac trunk was
found.” In this study, the left [IPA was the branch
off LGA in 4 % of individuals as existing data.
The hepatosplenic trunk, gastrophrenic trunk,
splenic hypoplasia and auxiliary spleen were de-
scribed by Yi et al,?* whereas Shibamoto et al re-
ported the concurrent existence of the LGA and
CHA that courses retroportally called the hep-
atosplenomesenteric trunk and for both IPAs a
common trunk in cancer stomach patient.?! The
LGA and right IPA arose from a common gastro-
phrenic trunk as a branch of AA.?? This study
results also demonstrated the same findings in
2 % of specimens. The previous research docu-
ment that replaced LHA was the branch of LGA
in 4 % of specimens? ?* and the LGA gave aber-
rant LHA.?>-2¢ Observations of the current study
also revealed the same type of variants.

This study had some limitations since was mostly
based on cadaveric and postmortem investiga-
tions, the analysis of CT images was few and fur-
ther investigations are required in combination
with classical and advanced methods to provide
knowledge of vascular variations as they may be
potential bleeding sites.

Conclusion

Considering these findings, it is assumed that
the abdominal surgeons who are performing
the procedures should have an idea about vas-
cular variants and their branching pattern of
LGA and also about aberrant arteries. It helps
in the preoperative planning for radiological
and surgical procedures to avoid possible in-
duced damage and fatal complications and to
reduce intra- and post-operative risk factors.
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Background/Aim: Pruritus is an unpleasant sensation that provokes the de- Republic of Srpska, Bosnia and Herze-

sire to scratch. It is one of the most common reasons why patients consulta }  govina.
dermatologist. Aim of this study was to determine the association of chronic
pruritus with skin and systemic diseases, as well as the age and sex distribution
in the studied population.

Methods: The cross-sectional study included 120 patients of both sexes who, in
the period from January 2017 to January 2021, received outpatient and inpa-
tient treatment at the Skin and Venereal Diseases Clinic of the University Clini-
cal Centre of the Republic of Srpska diagnosed with pruritus. Through the Clin-
ical Information System insight was gained into the medical history and other
documentation of the subjects from which data were taken on the age and sex of
the subjects, onset, course and duration of pruritus, daily or seasonal variations
in intensity, as well as the presence of associated skin and systemic diseases.
Results: Out of a total of 120 subjects, alarger number (53.3 %) of subjects with
chronic pruritus were male, and 46.7 % were female, the difference was statis-
tically significant (p < 0.05). The analysis of the distribution of subjects accord-
ing to their age revealed that the largest number of subjects (62.6 %) was over
65 years of age, while 38.4 % of subjects were under 65 years of age. The differ-
ence in the age structure was statistically significant (p < 0.05). In subjects old-
er than 65 years pruritus was most frequently (47.3 %) associated with diabe-

tes and in subjects under 65 years of age with skin diseases and conditions. The i  Correspondence:
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Conclusion: In people aged over 65 years, pruritus was most frequently associ- M: +387 65 168 196
ated with systemic diseases (diabetes mellitus) and in people aged under 65
years with dermatological diseases (Dermatitis atopica).
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Introduction

Pruritus or itching is defined as an unpleasant sexes.’Itcanbeconstantly presentorintermittent
sensation that provokes the desire to scratch.! Itis  and localised or generalised. Pruritus present for
one of the most common conditions, ie symptoms  more than 6 weeks is defined as chronic one.? In
causing patients to consult a dermatologist. [t is  addition to pruritus caused by skin disorders, it
a symptom not only of many skin diseases but can also be distinguished systemic, neuropathic,
also systemic ones. Due to its diversity both in  psychogenic, multifactorial and idiopathic one.!
the clinical picture and etiopathogenesis, the

treatment of pruritus can be a challenge. It is  Skin disorders that cause pruritus mostly include
equally present in all races as well as in both  dry skin, inflammatory dermatoses (primarily

Copyright © 2023 Jovicic 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.
This article should be cited as follows: Jovi€i¢ S, Balaban J, Gajanin V. Association of systemic diseases with chronic pruritus. Scr Med 2023 Jun;54(2):163-7.
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atopic dermatitis), then infectious dermatoses,
as well as cutaneous types of lymphoma.* °
Systemic pruritus occurs as a result of diseases of
other organs, most frequently the liver, kidneys,
endocrineandhaematologicaldisorders,tumours,
infectious conditions, as well as the use of certain
drugs (antihypertensives, antiarrhythmics,
anticoagulants, antidiabetics, antiepileptics,
cytostatics and chemotherapeutics). Neuropathic
pruritus occurs as a result of damage to the
nerves or the use of opioids (neurogenic pruritus),
while psychogenic pruritus, which is also called
somatomorphic is accompanied by numerous
psychiatric conditions. Due to the large number
of chronic diseases and polymedication, there is
a high incidence of pruritus among the elderly
population.®” Thatis why the term senile pruritus
is introduced, which means the presence of
chronic pruritus of unknown cause in people aged
over 65. In the elderly population, three possible
reasons for the occurrence of pruritus have been
described, namely dry skin, immunological and
neuropathic cutaneous changes.® Given that the
sensation and intensity of pruritus is subjective,
a thorough anamnesis and dermatological
examination are required for the diagnosis and
successful treatment.

Clinical presentation is of great importance for
the diagnosis of chronic pruritus. It can appear
on clinically unchanged skin or be accompanied
by various primary or secondary skin changes.
Primary efflorescence can be a part of the clinical
picture of the basis of the skin disease that caused
pruritus, while secondary changes are the result
of scratching (excoriations, crusts, lichenification,
hyperpigmentation and hypopigmentation).’
There are still many unknowns about the
mechanisms of occurrence of chronic pruritus,
but it is certain that it arises due to a complex
interaction between keratinocytes, nerve fibres
located in the dermis, prurigenic molecules and
the central and peripheral nervous system.?

The aim of this research was to determine the
association of chronic pruritus with skin and
systemic diseases, as well as the age and sex
distribution in the study population.

Methods

The cross-sectional study included 120 patients
of both sexes who were treated at the Skin and
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Venereal Diseases Clinic of the University Clinical
Centre of the Republic of the Srpska diagnosed
with pruritus in the period from January 2017
to January 2021. Outpatients and inpatients in
the specified period were included. Through the
Clinical Information System insight was gained
into the medical history and other documentation
of the subjects from which data were taken on
the age and sex of the subjects, onset, course and
duration of pruritus, daily or seasonal variations
in intensity, as well as the presence of associated
skin and systemic diseases.

The study included subjects of both sexes aged
over 18 years, in whom pruritus was present for
more than six weeks. Patients in whom scabies
was the cause of pruritus were not included
because the duration of the disease is usually less
than 6 weeks and as such it is not included within
the framework of chronic pruritus. All subjects
were divided into two groups. The first group
consisted of patients aged up to 65 years and the
second group consisted of patients aged over 65
years.

Statistical analysis of the collected data was
done in the statistical software package of EZR
for Windows XP (Version 2.3-0). Descriptive
statistics were used to arrange and describe
the data and they included the calculation
of incidence. Chi-square test was used to
compare the frequency of occurrence of the
analysed categorical characteristics of one or
more independent samples. All results were
considered statistically significant if p < 0.05 and
highly statistically significant if p < 0.001. In the
examples where highly statistically significant
results were obtained, the level of statistical
significance was written.

Results

The study included a total of 120 subjects, 53.3 %
of men and 46.7 % of women, who in a three-year
period (from 1st]January 2017 to 1stJanuary 2021)
were diagnosed with pruritus and treated at the
Skinand Venereal Diseases Clinic of the University
Clinical Centre of the Republic of the Srpska. The
analysis of the distribution of subjects according
to age revealed that 46 (38.4 %) subjects were
aged under 65 years and 74 (61.6 %) were aged
over 65 years. The analysis of the distribution of
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subjects according to sex revealed that chronic
pruritus was more frequently registered in male
subjects aged over 65 years. The difference was
statistically significant p < 0.05 (Table 1).

Table 1: Distribution of chronic pruritus by age and gender

rash, occurred most frequently. Analysis of the
obtained data revealed that in all patients with
malignant diseases, pruritus was accompanied by
a maculopapular rash. Excoriations were present
in 35 % of subjects. In all patients diagnosed
with psychogenic pruritus (16.7 %) excoriations

T = Age 6 - were the only clinical manifestation. There was
> =V . . . .
SR npa |e|:/s n< v = p-valu 34.1 % of subjects without skin changes and it
> . > was determined that there was no statistical
Male 64 533 18 391 46 622 o
0.02* significance (Table 3).
Female 56 467 28 609 28 378 _ , _ _ _ _
Total 120 1000 46 1000 7 1000 Table 3: Correlation chronic pruritus and skin manifestations
*The p-value refer to the Chi-square test. Age
Dermatological diseases, atopic dermatitis Variable Al Pat'e':ts <650 2650 p-value
and dry skin were the most common causes of — n & n . 1l oc
pruritus in the group of subjects aged under 65 :’nvg:l'ifsé‘s'?aﬁons 79 659 26 565 53 716
years, while systemic diseases were the most " . 0.114*
f . Without skin
common cause in subjects aged over 65 years. Dry manifestations 41 341 20 435 21 284
. . 0 : .
skin was present in 30.4 % of subjects from this 7 120 1000 46 1000 74 1000

group and atopic dermatitis in 21.7 % of subjects.
The most common systemic diseases that caused
pruritus in the population of subjects over 65
years of age were diabetes mellitus (33.8 %) and
malignancies, prostate and lung cancer in men
and breast cancer in women. Mycosis fungoides
was found in two subjects from this group.
Malignant diseases as a cause of pruritus were
also found in the subjects from the first group
(carcinoma of the breast, colon and liver) in 13.2
% of the cases. Psychogenic pruritus was present
in 4 (8.7 %) of the subjects under 65 years of age
and in 16 (21.6 %) of the subjects over 65 years
of age, more frequently women. Chronic pruritus,
of unknown cause, was recorded in 8.3 % of all
subjects, mostly without skin changes (Table 2).

Table 2: The most common causes of pruritus

Age
Variable  All patients <65 =65 p-value
n % n % n %
Skin diseases 37  30.8 24 387 13 176
(Sjéztaesng': 53 440 12 392 35 473
0.001*

Psychogenic 20 6.7 4 87 16 216

Idiopathic 10 8.3 0 0 10 135

Total 120 100.0 46 100.0 74 100.0
* The p-value refer to the Fisher exact test.

Within the clinical manifestations that appeared
with pruritus, primary skin changes were
analysed, as well as secondary ones that occurred
as a result of scratching (Table 3). In 679 % of
the subjects of both age groups pruritus was
accompanied by certain skin changes. As for
the primary skin manifestations, erythema,
which was described as dull and maculopapular

* The p-value refer to the Fisher exact test.

Seasonal variations in the intensity of pruritus
were recorded in two subjects over 65 years of
age, in whom pruritus lasted longer than 3 years.
The subjective feeling was more pronounced
in the winter months. When it comes to diurnal
variations, a small number of subjects declared
that they were more pronounced in the evening
and night hours and this mostly relates to the
women under 65 years of age, while the other
subjects declared that there was no difference in
the intensity of itching during the day.

Discussion

Pruritus is one of the most common conditions
and/or symptoms for which patients consult a
dermatologist and the reason for about 10 % of
all visits to a dermatologist.! The problem of
pruritus is not exclusively related to the field of
dermatology, but it is also dealt with by doctors
of various other specialties. In this paper, the
incidence of pruritus among dermatological
patients of different age groups and its association
with systemic diseases was analysed.

The results of the studies that dealt with the sex
distribution of pruritus were not harmonised.
However, authors would single out the research
of Dalgard and al who, based on a sample of about
18,000 subjects concluded that pruritus was the
most common dermatological condition in the
study population and that it occurred more often
in women.'? In presented research on a smaller
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number of subjects it was found that the incidence
of pruritus was higher in men.

The results of this study showed that the
incidence of pruritus was significantly higher
in patients older than 65 years (62.2 %) and
that it was most frequently associated with
various systemic diseases (44.0 %), followed by
dermatological diseases and conditions (the most
common of which was dry skin) and psychogenic
diseases (30.8 % and 16.75 %, respectively). In
the smallest number of patients (8.3 %) the cause
of pruritus was not determined. The association
between pruritus and systemic diseases can be
explained by the more frequent presence of not
only various systemic diseases in old age, but
also due to the physiological process of skin
aging that leads to the development of senile
pruritus, as well as the more frequent use of
diuretics. Diabetes mellitus was the main cause
of the development of chronic pruritus in the
study population and it was registered in 24.2
% of the subjects, which was in correlation with
similar studies.!>* In the majority of patients
with diabetes skin manifestations were in the
form of erythema and papular rash, accompanied
by excoriations. Diabetes mellitus, in addition to
affecting blood vessels, has a major impact on
all skin structures. Preclinical studies on animal
models and a small number of clinical studies on
patients have proven that diabetes mellitus leads
to disorders in the architecture of the skin. It is
the cause of a damaged skin barrier, increases
inflammatory infiltration, reduces the number of
T lymphocytes, antimicrobial peptides, lamellar
bodies, lipids of the corneal layer as well as the
proliferation of keratinocytes. It also reduces skin
hydration and leads to alteration of filaggrins.'> 16
Filaggrins are structural proteins of the corneal
layer that cross-link keratin filaments and are
crucial for maintaining the structure and function
of the corneal layer and therefore, are necessary
for maintaining skin hydration.'”

Apart from diabetes, numerous studies point out
that kidney failure is one of the most common
causes of systemic pruritus and that pruritus is
present in 60-80 % of patients with chronic renal
failure.’® However, in presented study, that
number was significantly lower and was found in
only 1.7 % of patients older than 65 years. The
result of this disproportion may be the fact that
patients with chronic renal failure are under the
regular supervision of nephrologists who treat
pruritus in a consultation with dermatologists.

Jovigi¢ et al. Scr Med 2023 Jun;54(2):163-7. Ml

In the population under the age of 65, pruritus
was more frequently registered (38.7 %) in
people with some skin diseases. Atopic dermatitis
represents one of the most common dermatoses
associated with pruritus and in addition to it, it
is also found in dry skin. Presented results are
correlated with data from the literature in which
atopic dermatitis is one of the most pruriginous
dermatoses, in which pruritus occurs in 87-100 %
of patients.?’ In presented research, it was found
that pruritus associated with dry skin occurred
in 10 % of women under the age of 65, while in
some studies the cause is significantly higher
(up to 69 %).?* Although dry skin is the cause of
pruritus in 50 % of cases in the elderly population
in the world,?? in this study the number was
significantly lower and it was 17.6 %. Dry skin
does not have its primary efflorescence, but in
these patients excoriations and lichenification
could mostly be seen as a result of scratching. In
addition to genetics, the basis of dry skin is an
impaired function of the skin barrier, which in
the younger female population can be explained
by the irrational use of various cosmetic
preparations not adapted to the skin type.

Data on the incidence of psychogenic pruritus are
scarce because it is difficult to draw a clear line
between psychogenic and idiopathic pruritus.?®
24 Psychogenic pruritus was confirmed in 16.7
% of the study population, of which 8.3 % was
the female population over the age of 65, but
there was a possibility that in some patients with
idiopathic pruritus it was actually psychogenic
one. Excoriations were dominant skin changes
present in these patients.

In the population of subjects over 65 years of
age, apart from the expressed subjective feeling
of itching, which was registered in a large
number of subjects (71.6 %), there were also skin
manifestations, most frequently expressed in
the form of erythema, maculopapular rash and
excoriations. Moreover, in the group of subjects
under 65 years of age cutaneous manifestations
were present in a larger number of subjects (56.5
%) while 43.5 % of subjects from this group were
without skin changes.

Given that pruritus is an exclusively subjective
symptom, itis very difficult to assess its intensity.
Diurnal and seasonal variations are described.
Diurnal variations, more pronounced in the
evening hours, are associated with psychogenic
pruritus and this was also recorded in studied
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subjects. In thisresearch reliable data on seasonal
variations of pruritus could not be provided
because the disease lasted longer than a yearin a
small number of subjects. However, it can be said
that pruritus is more pronounced in the winter
months in patients with atopic dermatitis and dry
skin and this is most likely the result of excessive
warming, wearing clothes made of synthetic
materials as well as staying in closed rooms for
along time.

Conclusion

Chronic pruritus is a problem that affects a\
large number of people of different ages and
significantly reduces their quality of life. The
results of presented study have shown that
systemic diseases are the most common cause
of chronic pruritus in the study population.
Given that the aetiology of chronic pruritus
is diverse, discovering the cause of its occur-
rence is a condition for successful treatment.
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Background/Aim: Nutraceuticals or dietary supplements have been rec- tistics, JECRC University, Jaipur, India,

ognised as a fundamental part of the holistic approach to achieve complete
wellness and health. Their usage is continuously increasing due to lifestyle and
sport-style requirements. The present study was designed to estimate the use
of nutraceuticals in the younger population and find the association between
gender and community in their usage.

Methods: An observational cross-sectional study was carried out on the young-
er population (between 15 and 30 years of age) of North India over a period of
two weeks in October 2022. The data regarding the demographic profile and
nutraceutical use among participants was collected per predesigned and
pre-validated questionnaire. The collected data were analysed to determine the
outcomes.

Results: The study included 575 participants, with 272 males and 303 females.
Out of them, 321 were from the urban background. It was found in the study
that a total of 275 (47.82 %) study subjects were using nutraceuticals, with 163
(59.27 %) and 112 (40.73 %) from the urban and rural dwellings, respectively.
Among the users, 122 (44.36 %) were men and 153 (55.64 %) were women.
Thus, overall, 153 (50.49 %) of females and 122 (44.85 %) of males in survey
were consuming dietary supplements. The study further added that 189 (68.72
%) users believed that nutraceuticals improved their health, two-thirds of par-
ticipants were using nutraceuticals for lifestyle reasons and 239 (86.90 %) of
consumers were using single nutraceuticals. There was no association between
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Introduction

Certain foods and herbal extracts have been rec-  tion between health and what we eat paved the
ognised as a fundamental part of the holistic ap-  way for the evolution of “nutraceuticals”.? The
proach to achieve complete wellness and health  term “nutraceutical” was coined by Dr Stephen D
since ancient times, especially in the Ayurvedic  Felice in 1989. It is derived from the combination
system in India.! This recognition of the correla-  of the words “nutrition” and “pharmaceutical,”
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which mean “a nourishing food” and “a medical
drug,” respectively.?

However, they are different from pharmaceutical
drugs. Pharmaceutical drugs are natural or lab-
oratory-developed or modified substances that
are primarily used to prevent or treat a disease,
with their manufacturing and marketing regulat-
ed by legal authorities under relevant rules and
regulations.* The use of pharmaceuticals is for
a specific purpose and hence requires stringent
clinical trials before publicising their availabili-
ty.> Moreover, they have a potentially higher risk
of side effects than nutraceuticals. On the other
hand, nutraceuticals are natural substances that
may be considered foods or parts of foods, usual-
ly used in addition to a traditional daily diet and
suggestively provide medical and health benefits
in the prevention and treatment of myriad dis-
eases like hypertension, diabetes mellitus, oste-
oporosis, memory enhancers etc, with compar-
atively lesser regulations and adverse effects.®
Other purposes for using nutraceuticals are to
delay the aging process, increase life expectancy,
or support the structure or function of the body
to preserve health and general well-being.’

Nutraceuticals include vitamins, minerals, amino
acids and proteins, herbal products, fibre, lignin,
prebiotics, probiotics, antioxidants, nutritional
lipids and oils, phytochemicals, metabolites, en-
zymes, etc.® Nutraceuticals available in the mar-
ket can be classified into functional foods, func-
tional beverages and dietary supplements based
on product category.’ In this manuscript the term
“dietary supplement” is used interchangeably
with “nutraceuticals.”

In India, nutraceuticals are freely available over
the counter and in grocery shops and their use is
continuously increasing at a rate of 25 %.° The
Food Safety and Standards Authority of India
(FSSAI) is concerned with the regulations of li-
cencing and registration of food businesses, man-
ufacturing, packing and labelling, food product
standards and the approval of nutraceuticals in
the Indian market.'?

Worldwide data also shows that the global nutra-
ceuticals market, which was 498.86 billion $ in
2021, is expected to reach 1025 billion $ by 2030,
with an estimated compound annual growth rate
of 8.33 %."

Saran et al. Scr Med 2023 Jun:54(2):169-73. Il

Though numerous studies evaluating the use of
nutrition supplements in the geriatric population
and children are available, very few studies have
been done to study their use in adolescents and
younger populations despite the fact nutraceuti-
cals are increasingly becoming a part of their diet
due to lifestyle or sport style requirements. As
a result, a cross-sectional study was conducted
to estimate the use of nutraceuticals among the
younger population of North India, as well as to
determine whether there was any relationship
between gender and community in their usage.

Methods

This was an observational cross-sectional study
conducted on a younger population of North India
between 15 and 30 years of age over two weeks
in October 2022. After obtaining clearance from
the Ethics Committee (No 1T/03/2022, dated 20
October 2012), an online survey was conducted
using the Google Forms.

A self-developed questionnaire consisting of two
sections: Section A concerned with the demo-
graphic details and Section B concerned with
the details of the nutraceuticals usage and par-
ticipants’ perception of their benefits was used
in the survey. The questionnaire was distributed
through social media (email and WhatsApp). The
study subjects were mainly contacts of friends,
relatives, neighbours and colleagues of around
fifty persons working as staff within the Rajas-
than College Of Medical Sciences (RUHS) Hospital
and the rural community within the purview of
the Hospital. Only those who were between 15
and 30 years of age, literate and willing to par-
ticipate were included in the study. The question-
naire was available in Hindi and English and was
pre-validated by five community workers and
five faculty members. As the study was confined
to northern India, where the dietary habits are
almost identical, cultural adaptation was not re-
quired.

A total of 575 subjects participated in the study.
The data was gathered pertaining to the socio-de-
mographic variables of participants and the us-
age of nutraceuticals by them. The collected data
was analysed statistically and the Chi-square test
was used to find the association between gender
and community in using nutraceuticals.
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Also, the Goodness-of-fit test was applied to test
the adequacy of the model and ordinal logistic
regression was performed for the categorical
variable ‘Do you think taking nutritional supple-
ments is helpful for your health’. Values of 0, 1 and
2, were assigned for the responses “cannot say”,
“no” and “yes”, respectively. Parallel regression
lines were assumed and a single slope was calcu-
lated for each covariate.

Results

Overall, 575 subjects participated in the study,
with the male-to-female ratio being 1:1.11
(272:303) and the urban community being 1.26
times larger than the rural population (321:254).
Atotal of 275 (47.82 %) study subjects were using
nutraceuticals, with 59.27 % and 40.73 % from
urban and rural dwellings, respectively. Among
the users, 44.36 % were men and 55.64 % were
women. Demographic details of participants as
well as statistical analysis are given in Tables 1
and 2.

Table 1: Characteristics of nutraceuticals users and non-users

Nutraceutical Nutraceutical
Parameter users non-users p-value
% N %
Gender
Male 122 44.36 150 50.00
Female 153 55.64 150 50.00
Settlement type
Urban 163 59.27 158 52.67 04156
Rural 112 40.73 142 47.33
Education level
Elementary 75 2727 121 4033
school or less 0.132
High school 110 40.00 79 26.33
University degree 90 32.73 100 33.33

Chi-square test;

Table 2: Logistic regression model with adjusted odds ratios
(OR) and 95 % confidence interval (Cl) for socio-demographic
variables of nutraceuticals users

Variables OR 95 % Cl p-value
Gender

Male 10.83 (0.59 - 1.17) 0.286
Community settlement

Urban 1.20 (0.85 - 1.68) 0.297
Education level

Elementary school 0.53 (0.34-0.87)

High school 1.32 (0.74-1.34) 0.234

University degree 1.22 (0.82-1.42)

The goodness-of-fit tests, done to find the ad-
equacy of the model, revealed the p-value to be
< 0.001, thereby, indicating that the model was
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adequate and the relationship between the re-
sponse variable and the predictors was statisti-
cally significant.

In the next step, ordinal logistic regression was
performed to analyse the responses to the cate-
gorical variable “Do you think taking nutritional
supplements is helpful for your health?” (Table 3).

Table 3: Logistic regression for the variable ‘perception of partici-
pants of benefit of nutrition supplements’ in health

Predictor Coef SECoef Z p-value OR 95%Cl
Const (1) -0.71 012 -597 <0.001

Const (2) 0.02 011 0.22 0.828

Taking nutrition

Yes -1.51 019 -7.86 <0.001 0.22 0.15-0.32
Yes -21.27  12465.90 0 0.999 0 0

Coef: coefficient; SE: standard error; OR: odds ratio; Cl: confidence interval;
The negative coefficient and an odds ratio found to be < 1 indicates that taking
more nutrients tends to be associated with better health.

As shown in Table 3, the values labelled Const (1)
and Const (2) were the estimated intercepts for
the logits of the cumulative probabilities of the
variable helpful for health. Since the p-value was
< 0.001, it indicated that for most a-levels, there
was sufficient evidence to conclude that “taking
nutrients” was subjectively beneficial for health.
Also, the negative coefficient and an odds ratio
found to be < 1 indicated that taking more nutri-
ents tends to be associated with better health.

It was also reported in the study that two-thirds
of the study subjects were using nutraceuticals
for lifestyle reasons and only one-third were re-
quiring them due to their excessive physical ac-
tivity. 68.72 % of supplement users believed that
nutraceuticals improved their health. 86.90 % of
them were using only one food supplement and
multivitamins were the most frequently used nu-
traceutical (62.3 %), followed by miscellaneous
(16.2 %) and protein powders (11.6 %).

The Chi-square test of independence found that
both the variables ie, gender and area were inde-
pendent of each other and showed no association
in deciding nutraceutical usage (p > 0.05).

Discussion

According to the Dietary Supplement Health and
Education Act (DSHEA) of 1994, dietary supple-
ments, or nutraceuticals are products intended
to supplement the diet.!? In recent years, diet and
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lifestyle-related illnesses have become import-
ant healthcare concerns. In a similar vein, all age
groups, including youngsters, have shown an in-
crease in interest and awareness in health care
that uses nutritional supplements as a non-spe-
cific biological therapy for the treatment and pre-
vention of various diseases.?

The present study, which included 575 individu-
als between the ages of 15 and 30 years in north-
ern India, discovered that 47.82 % of them were
consuming dietary supplements. According to
comparable research conducted in other regions
of Asia, 32.7 % and 33.8 % of the subjects used
dietary supplements.!> * One similar research
found that up to 80 % of people use nutritional
supplements or herbal medicines.!! Americans
are most likely to consume dietary supplements,
followed by Europeans who live in Germany, Italy
and Russia.”1®

Presented study showed that overall, a greater
number of females in northern India consume
nutraceuticals than males. Similarly, Shade et
al’® mentioned a significant association between
gender and multivitamin use in favour of females.
However, Pidrecka et al'’ found that dietary
supplement consumption was significantly higher
among boys compared to girls (37.3 % vs 27.8 %)
and among children who lived in rural areas as
opposed to metropolitan areas (39.3 % vs 26.5
%). A study by Svendsen K et al'®revealed that fe-
males are more likely to assert their knowledge
of all dietary recommendations. In contrast, a
study on athletes by Aguilar-Navarro et al found
that male athletes consumed significantly more
supplements than female athletes.??

Rural living differs from urban living in many
ways that could affect dietary supplement con-
sumption and related consequences, besides oth-
er demographic factors.?’ Several epidemiological
studies also opine that demographic factors may
influence supplement consumption.'” ?° Old age,
female gender, degree of education, affordability
and employment status are a few prominent de-
mographic characteristics linked to increasing
dietary supplement usage.*!

The current study reported that overall, 59.27 %
of nutraceutical users belonged to urban dwell-
ings. However, the findings of various research
studies on nutraceutical intake in urban and ru-
ral settings vary greatly across populations.!® 17
22 Studies suggest that, though there is a higher
calorie intake in urban areas, they are deficient
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in micronutrients despite the wider availabili-
ty of fresh fruits and vegetables in larger cities.
It could be the reason why more adolescents are
using supplements in urban areas. In contrast,
Shade et al'” discovered that older people in ru-
ral areas use more oral dietary supplements. It
should be noted, however, that rural areas have
fewer medical facilities and a slightly higher per-
centage of elderly people.?

In presented research, the majority of consum-
ers (68.72 %) believed that taking nutraceuticals
improved their overall health. Similarly, a study
mentioned that 61.6 % of patients reported feel-
ing satisfied after using nutraceuticals, while
12.4 % of patients reported feeling unsatisfied.
25.8 % of patients had no idea that nutraceuticals
existed.’ Nevertheless, a survey found that 78 %
of respondents were undecided regarding the ef-
fectiveness and safety of nutraceuticals, particu-
larly for children and the elderly.?*

The present study also evaluated the association
between gender and community in using nutra-
ceuticals, as in countries like India, males are
usually given priority over females when it comes
to nutrition and education, especially in rural
settings. However, in terms of the use of nutrition
supplements, the study found no significant as-
sociation between gender parity and dwellings.
Researchers did not find any similar studies eval-
uating the association between gender and com-
munity in dietary supplement usage.

Strengths and limitations of the
study

The present study recruited the participants on-
line thereby covering a larger area of northern In-
dia and the limitation was that only a small tech-
no-savvy population could be included from the
eligible group.

Conclusion

Almost half of the younger population was
using nutraceuticals, with somewhat more
consumption in urban areas. Also, there was
no association between gender and the living
dwelling while using it.
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Abstract

Background/Aim: Warfarin is one of the most common orally prescribed anti-
coagulant in patients with deep venous thrombosis, myocardial or cerebral in-
farctions. The main side effects of non-adequate dose of these drugs are pro-
longed peripheral or internal bleeding. VKORC1 1173C>T polymorphism
(rs9934438) is of particular importance, since carriers of non-wild type allele
correlates with the lower dosage of warfarin therapy. Thus, the aim of the re-
search was to determine the distribution of 1173C>T polymorphism in popula-
tion of the Republic of Srpska, Bosnia and Herzegovina (RS) and to compare
results with frequencies in other populations.

Methods: A total of 124 healthy participants of both genders were enrolled in
the study, from all parts of the RS. Molecular genotyping was performed by re-
al-time PCR, using drug metabolism assays according to the manufacturer’s in-
structions.

Results: Of the total number, 22 subjects (17.74 %) were genotyped as CC, 69
subjects (55.65 %) as CT and 33 subjects (26.61 %) as TT. The frequencies of
alleles C and T were 45.18 % and 54.82 %, respectively. No statistical signifi-
cance was found among allele distribution between genders (x* = 0.236; p =
0.627). All observed genotype frequencies were in Hardy-Weinberg equilibri-
um. No statistical significance was observed among the frequency of minor T
allele between presented findings and other European countries, besides Rus-
sia (p = 0.021).

Conclusion: This was the first study analysing the distribution of rs9934438
alleles in population of the RS. These findings will be helpful in better and more
precise drug prescribing in patients who require anticoagulant therapy.

Key words: VKORC1; Allele distribution; Polymorphism; Warfarin.
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Introduction

Vitamin K epoxide reductase enzyme is encod-
ed by homonymous VKORCI gene located on the
chromosome 16p.! VKORC1 enzymatic complex
catalyses reduction of vitamin K 2,3 epoxide to
the metabolically active forms of vitamin K in
two steps, first to vitamin K quinone and after-
wards vitamin K hydroquinone.? Thus, vitamin

K hydroquinone acts as a cofactor for the gam-
ma-carboxylation of glutamic acid residues of
vitamin K-dependent proteins (VKDP) which
include coagulation factors II, VII, IX, X, haemo-
static proteins C, S and Z.3 The essential role of
this enzyme complex in the coagulation process
represents the drug target of oral anticoagulants,
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notably warfarin.* Warfarin binds to the VKOR
and lowers the concentration of vitamin K hydro-
quinone, which decreases the amount of biolog-
ically active vitamin K to produce the factors of
coagulation.’ The main issue with prescribing an-
ticoagulant therapy are adverse drug reactions,
such as prolonged gastrointestinal, intracranial,
or peripheral bleeding. For prescribing anticoag-
ulant therapy, genetic variations among VKORC1
and CYP2C9 are of particular importance, since
genotype characteristics among these genes
could explain the individual differences in re-
sponse to warfarin.®

Numerous studies have reported that there is a
firm connection between VKORC1 SNPs and sen-
sitivity to warfarin which varies due to inter-in-
dividual and inter-ethnic differences. According
to data obtained from pharmacogenetic studies,
two SNPs - 1639G>A and 1173C>T, are commonly
genotyped. The 1173C>T rs9934438 is located in
the first intron of VKORC1 gene.” It is in near link-
age disequilibrium with G3673A. The 1173C>T
was the first known SNP to correlate with the
low-dosage warfarin therapy.® This indicates a
lower activity of the coagulation system, which
is partly related to a decreased activity of key
enzyme.’ Accordingly, individuals with CT or TT
genotype require lower warfarin doses in com-
parison to the carriers of the CC genotype.” 1

The unpredictable pharmacodynamics and phar-
macokinetics represent a big challenge in choos-
ing the right dose of a drug.!* Nevertheless, the
patient’s response to the recommended dosage of
warfarin is inter-individual, assigned to genetics
polymorphisms within the genes responsible for
the pharmacokinetics and pharmacodynamics of
warfarin.'

The aim of the research was to investigate the
frequencies and distribution of VKORC1 1173C>T
polymorphism in population of the Republic of
Srpska, Bosnia and Herzegovina, as well as to
compare results with the obtained frequencies in
other populations.

Methods

This study included 124 healthy participants from
the Republic of Srpska, of which 74 (61.29 %) par-
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ticipants were men and 48 (38.71 %) were wom-
en aged between 18 and 86 (median: 59). Partic-
ipants were randomly selected from all parts of
the Republic of Srpska. Exclusion criteria were
mental and physical illness.

The study was conducted in accordance with the
Declaration of Helsinki. Ethical Committee of the
Faculty of Medicine at the University of Banja
Luka approved this study (No 01-19-521-2/20).
Also, all participants signed a statement provid-
ing their written informed consent.

The molecular genetic analysis was performed
at the Laboratory for Molecular Biology and Ge-
netics of the University of Banja Luka, Faculty of
Medicine, Centre for Biomedical Research. To-
tal genomic DNA was isolated using PureLink®
gDNA Blood Kit (Invitrogen, Carlsbad, CA, USA).
The Real-Time PCR instrument 7500 by Applied
Biosystems and TagMan® Drug Metabolism Geno-
typing Assay (C_30204875_10) were used for de-
termination of genotypes for VKORCI (1173C>T,
rs9934438). The real-time polymerase chain re-
action was proceeded according to the manufac-
ture’s protocol.

Statistics

The x* test was used to detect if the gene
distribution accorded with the Hardy-Weinberg
equilibrium and to compare genotype and allele
frequency between different ethnic groups. For
all analyses the Social Science Statistics online
calculator was used (https://www.socscistatis-
tics.com/tests/).3

Results

The alleles and genotypes distribution of the in-
vestigated gene in the population of the Republic
of Srpska are summarised in Table 1. Observed
genotype frequencies were in Hardy-Weinberg
equilibrium (x? = 1.837; p = 0.175).

For the VKORC1 1173C>T polymorphism, 22 sub-
jects (17.74 %) were genotyped as CC, 69 subjects
(55.65 %) as CT and 33 subjects (26.61 %) as
TT. The frequencies of alleles C and T in VKORC1
1173C>T in a total of 124 subjects were 45.18 %
(113 alleles) and 54.82 %.
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Table 1: Frequencies of the VKORC1 1173C>T genotypes and alleles in a sample of the popula-

tion of the Republic of Srpska

Gene Genotype N % Cl (95 %) Allele N (%)

cce 22 1774  11.47-25.62 C 113 (45.18)
VKORC1

CT 69 55.65 46.45-64.56 T 135 (54.82)
1173C>T

T 33 26.61 19.08 - 35.30

a - referent genotype; Cl - 95 % confidence interval; N — number of participants;

The allele frequencies of VKORC1 gene were com-
pared across several different populations as
shown in Table 2.

Table 2: The prevalence of the VKORCT allelic variants in the population of the Republic of Srpska (this study) compared to other

populations
Gen Allel Alleles frequencies in different populations (%)?
ene ele This study Croatian  French Italian ~ Slovenians German  Arabian  Austrian  Chinese
VKORC1 C 0.409 0.593 0.587 0.602 0.567 0.585 0.573 0.570 0.084
1173C>T T 0.591 0.407 0.413 0.398 0.433 0.415 0.427 0.430 0.916

a— references 1, 13-21;

The data for potential gender differences were
also analysed. However, there were no statisti-
cally significant differences in VKORC1 1173C>T
polymorphisms distribution in relation to gender
in study group (x* = 0.236; p = 0.627).

Discussion

Warfarin inhibits the enzyme VKORCI, which
leads to the reduction of vitamin K and the pro-
duction of hypofunctional coagulation factors.?
It is estimated that the influence of VKORCI ge-
netic variants on warfarin dose determination
is approximately 25 %.? A narrow therapeutic
range of warfarin is known with high inter-in-
dividual sensitivity to the drug. The presence of
VKORC1 gene polymorphism affects the pharma-
codynamics of warfarin. One of the most common
single nucleotide polymorphisms (SNP) VKORC1
is 1173C>T where cytosine is replaced by thy-
mine.? It was estimated that due to the presence
of the T allele, the dose of warfarin should be re-
duced by 20-28 %. Therefore, the carriers of the
VKORC1 CC genotype require a higher daily dose
of warfarin, the heterozygous genotype involves
amedium dose and the carriers of the VKORCI TT
genotype the lowest dose of the drug.?

In authors’ previous research, the prevalence of
pharmacologically most important allelic vari-
ants of the CYP2(C9 in the general population of

the Republic of Srpska was analysed. CYP2C9
metabolises around 15 % of all drug in modern
use, involving oral anticoagulants.?® The two
most common allelic variants are CYP2C9*2 and
CYP2C9*3, where the *2 allele is classified as a
loss-of-function variant and the *3 allele as a
no-function variant.?®?” According to the Clinical
Pharmacogenetics Implementation Consortium
(CPIC) Guideline for Pharmacogenetics-Guided
Warfarin Dosing, individuals with CYP2C9*2 and
CYP2(C9*3 have decreased warfarin maintenance
dose.?® Thus, the prescription of warfarin therapy
depends not only on VKORC1, but also on CYP2C9.

This is the first study performed in the popula-
tion of the Republic of Srpska. Study showed that
the VKORC1 gene polymorphism differs between
ethnicities. The frequency values for polymor-
phic alleles and genotypes corresponded to the
frequencies for other European populations. The
prevalence of VKORC1 1173T allele found in pre-
sented study are similar to the respective ones
reported in other counties such as the French
population (40.7 %; p = 0.55)," Italian (39.8 %;
p = 0.059)," Slovenian (43.3 %; p = 0.134),"> Ger-
man (41.5 %; p = 0.074),'® Arabic (42.7 %; p =
0.13)*” and Austrian (43 %; p = 0.115).18

The VKORC1 1173T frequency was significantly
different in comparison with Russian population
(38.2 %; p=0.021)," Chinese (91.6 %; p < 0.001)%°
and Egyptian (72.3 %; p = 0.001).%

The VKORC1 1173T allele is present in Caucasians
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with a frequency of about 40 % and the rarest in
African-Americans (14 %).” % Following, allele T
is mostly present in the East Asian population (90
%) and this explains the use of significantly lower
doses for Asians compared to Caucasians.®3° In
the rest of the Asian countries (South East, West
and Central Asia) the prevalence of this allele os-
cillated between 14 and 80 %.%!

Conclusion

gene was polymorphic in population of the Re-
public of Srpska, with a similar distribution as
noticed in other European populations (about
40 %). Opposite, there was a statistically sig-
nificant difference in other populations like
Chinese (1 %) where the prevalence of VKORC1
polymorphic allele was lower compared to
studied population or Egyptian (72 %) where
the frequency of T allele was higher than in
this study. The importance of population-ge-
netic studies, such as this one is to have a pre-
cise knowledge of the prevalence of specific
genetic variants in population, thus the pre-
scribing of particular therapy could be as pre-
cise as possible.

Acknowledgements

None.

Conflict of interest

None.

References

1. Mandic D, Mandic S, Horvat V, Samardzija M, Samardija
M. Vitamin K epoxide reductase complex 1 (VKORC1)
gene polymorphisms in population of eastern Croatia.
Coll Antropol 2013;37(4):1321-6.

2. Oldenburg ], Marinova M, Miiller-Reible C, Watzka M.
The Vitamin K cycle. Vitam Horm 2008;78:35-62.

3. Aquilante CL, Langaee TY, Lopez LM, Yarandi HN,
Tromberg ]S, Mohuczy D, et al. Influence of coagula-

Vidovié et al. Scr Med 2023 Jun;54(2):175-9. M

N
In conclusion, this study showed that VKORC1

10.

11.

12.

13.

14.

15.

16.

17.

18.

tion factor, vitamin K epoxide reductase complex sub-
unit 1, and cytochrome P450 2C9 gene polymorphisms
on warfarin dose requirements. Clin Pharmacol Ther
2006;79(4):291-302.

Cavallari LH, Momary KM. Pharmacogenetics in cardio-
vascular diseases. In: Pharmacogenomics: Challenges
and Opportunities in Therapeutic Implementation. Am-
sterdam, Netherlands: Elsevier; 2018. p. 133-79.
Makar-Ausperger K, Krzelj K, Benci¢ ML, Aumiler MR,
Turk VE, BoZina N. Warfarin dosing according to the
genotype-guided algorithm is most beneficial in pa-
tients with atrial fibrillation: A randomized parallel
group trial. Ther Drug Monit 2018;40(3):362-8.
Akdeniz CS, Cevik M, Canbolat IP, Yurdakul S, Cagatay P,
Ciftci C, et al. The effects of and VKORC1 gene polymor-
phisms on warfarin maintenance dose in Turkish cardi-
ac patients. Future Cardiol 2020;16(6):645-54.

LiY, Zhu ], Ding J. VKORC1-1639G/A and 1173 C/T Ge-
netic Polymorphisms influence individual differences
in warfarin maintenance dose. Genet Test Mol Biomark-
ers 2015;19(9):488-93.

Kosaki K, Yamaghishi C, Sato R, Semejima H, Fuijita H,
Tamura K, et al. 1173C>T polymorphism in VKORC1
modulates the required warfarin dose. Pediatr Cardiol
2006;27(6):685-8.

Owen RP, Gong L, Sagreiya H, Klein TE, Altman RB.
VKORC1 pharmacogenomics summary. Pharmacogenet
Genomics 2010;20:642-4.

Soltani Banavandi MJ, Satarzadeh N. Association be-
tween VKORC1 gene polymorphism and warfarin dose
requirement and frequency of VKORC1 gene polymor-
phism in patients from Kerman province. Pharmacog-
enomics ] 2020;20(4):574-8.

Biswas M, Bendkhale SR, Deshpande SP, Thaker SJ,
Kulkarni DV, Bhatia S, et al. Association between ge-
netic polymorphisms of CYP2C9 and VKORC1 and safe-
ty and efficacy of warfarin: Results of a 5 years audit.
Indian Heart] 2018;70:513-9.

al Ammari M, AlBalwi M, Sultana K, Alabdulkareem
IB, Almuzzaini B, Almakhlafi NS, et al. The effect of the
VKORC1 promoter variant on warfarin responsiveness
in the Saudi WArfarin Pharmacogenetic (SWAP) cohort.
Sci Rep 2020 Jul 15;10(1):11613. doi: 10.1038/s41598-
020-68519-9.

Moreau C, Pautas E, Gouin-Thibault I, Golmard JL, Mahé
I, Mulot C, et al. Predicting the warfarin maintenance
dose in elderly inpatients at treatment initiation: Ac-
curacy of dosing algorithms incorporating or not
VKORC1/CYP2C9 genotypes. ] Thromb Haemost 2011
Apr;9(4):711-8.

Lucia RD, di Perna P, Chetta M, Santacroce R, Brancac-
cio V, Grandone E, et al. A polymorphism in the VKORC1
gene is associated with an interindividual variabili-
ty in the dose-anticoagulant effect of warfarin. Blood
2005;105(2):645-9.

Herman D, Peternel P, Stegnar M, Breskvar K, Dolzan V.
The influence of sequence variations in factor VII, y-glu-
tamyl carboxylase and vitamin K epoxide reductase
complex genes on warfarin dose requirement. Thromb
Haemost 2006;95(5):782-7.

Geisen C, Watzka M, Sittinger K, Steffens M, Daugela L,
Seifried E, et al. VKORC1 haplotypes and their impact on
theinter-individual and inter-ethnical variability of oral
anticoagulation. Thromb Haemost 2005;94(4):773-9.
Alzahrani AM, Ragia G, Hanieh H, Manolopoulos VG.
Genotyping of CYP2C9 and VKORC1 in the arabic
population of Al-Ahsa, Saudi Arabia. Biomed Res Int
2013;2013:315980. doi: 10.1155/2013/315980.
Cadamuro ], Dieplinger B, Felder T, Kedenko [, Mueller T,
Haltmayer M, et al. Genetic determinants of acenocou-



Vidovic¢ et al. Scr Med 2023 Jun;54(2):175-9.

19.

20.

21.

22.

23.

24.

25.

marol and phenprocoumon maintenance dose require-
ments. Eur ] Clin Pharmacol 2010;66(3):253-60.
Panchenko E, Kropacheva E, Dobrovolsky A, Titaeva E,
Zemlyanskaya O, Trofimov D, etal. CYP2C9 and VKORC1
genotyping for the quality of long-standing warfarin
treatment in Russian patients. Pharmacogenomics ]
2020;20(5):687-94.

Miao L, Yang ], Huang C, Shen Z. Contribution of age,
body weight, and CYP2C9 and VKORC1 genotype to the
anticoagulant response to warfarin: Proposal for a new
dosing regimen in Chinese patients. Eur ] Clin Pharma-
€0l 2007;63(12):1135-41.

El Din MS, Amin DG, Ragab SB, Ashour EE, Mohamed
MH, Mohamed AM. Frequency of VKORC1 (C1173T) and
CYP2C9 genetic polymorphisms in Egyptians and their
influence on warfarin maintenance dose: Proposal for a
new dosing regimen. Int ] Lab Hematol 2012;34(5):517-
24,

Au N, Rettie AE. Pharmacogenomics of 4-hydroxycou-
marin anticoagulants. Drug Metab Rev 2008;40:355-75.
Schwarz U], Stein CM. Genetic determinants of dose and
clinical outcomes in patients receiving oral anticoagu-
lants. Clin Pharmacol Ther 2006;80(1):7-12.

Nakai K, Tsuboi ], Okabayashi H, Fukuhiro Y, Oka T,
Habano W, et al. Ethnic differences in the VKORC1 gene
polymorphism and an association with warfarin dos-
age requirements in cardiovascular surgery patients.
Pharmacogenomics 2007;8(7):713-9.

Vidovic S, Skrbic R, Stojiljkovic MP, Vidovic V, Becarevic
], Stoisavljevic-Satara S, et al. Prevalence of five phar-
macologically most important CYP2C9 and CYP2C19

26.

27.

28.

29.

30.

31.

32.

179

allelic variants in the population from the Republic of
Srpska in Bosnia and Herzegovina. Arh Hig Rada Toksi-
kol 2021:28;72(3):129-34.

Theken KN, Lee CR, Gong L, Caudle KE, Formea CM, Gae-
digk A, etal. Clinical Pharmacogenetics Implementation
Consortium Guideline (CPIC) for CYP2C9 and nonste-
roidal anti-inflammatory drugs. Clin Pharmacol Ther
2020;1;108(2):191-200.

Johnson JA, Caudle K, Gong L, Whirl-Carrillo M, Stein
CM, Scott SA, et al. Clinical Pharmacogenetics Imple-
mentation Consortium (CPIC) Guideline for pharma-
cogenetics-guided warfarin dosing: 2017 update. Clin
Pharmacol Ther 2017 Sep;102(3):397-404.

McClain MR, Palomaki GE, Piper M, Haddow ]E. A Rap-
id-ACCE review of CYP2C9 and VKORC1 alleles testing
to inform warfarin dosing in adults at elevated risk for
thrombotic events to avoid serious bleeding. Genet Med
2008;10(2):89-98.

Li S, Zou Y, Wang X, Huang X, Sun Y, Wang Y, et al. War-
farin dosage response related pharmacogenetics in chi-
nese population. PLoS One 2015 Jan 16;10(1):e0116463.
doi: 10.1371/journal.pone.0116463.

Gaikwad T, Ghosh K, Shetty S. VKORC1 and CYP2C9 gen-
otype distribution in Asian countries. Thromb Res 2014
Sep;134(3):537-44.

31. Gaikwad T, Ghosh K, Shetty S. VKORC1 and CYP2C9
genotype distribution in Asian countries. Thromb Res
2014 Sep;134(3):537-44.

Social Science Statistics [Internet]. [Cited: 1-Jan-2021].
Available at: https://www.socscistatistics.com/tests/.






Nusier et al. Scr Med 2023 Jun;54(2):181-95.
REVIEW ARTICLE

DOI:10.5937/scriptamed54-42460

Regulatory Role of Some Protein Kinases in Signal
Transduction Pathways in Heart Health and Disease

Mohamad Nusier,' Vijayan Elimban,? Jaykishan Prasad,? Anureet K Shah,?

Naranjan S Dhalla?

Abstract

Various protein kinases including protein kinase A (PKA), Ca?"-calmodulin ki-
nase (CaMK), phosphoinositide 3-kinase (PI3K), protein kinase C (PKC) and mi-
togen-activated protein kinase (MAPK: ERK1/2, p38-MAPK and JNK) are inte-
gral partof differentsignal transduction pathways, which are known to regulate
cardiac structure, function and metabolism. In addition, these signal transduc-
ing proteins are involved in the regulation of cation transport, cellular growth,
gene expression, apoptosis and fibrosis by modifying the function of different
target sites of subcellular organelles in the myocardium. However, the informa-
tion regarding these signal transducing molecules is scattered and mechanisms
of their involvement in diverse regulatory processes are poorly understood.
While PKA, CaMK, PI3K and PKC are activated by different hormones and me-
chanical stimuli, MAPKs are activated by growth factors and some cellular
stresses such as oxidative stress, inflammation and Ca%*-overload. Each type of
these protein kinases is expressed in the form of two or more isozymes showing
different biochemical characteristics and distinct biological functions. It has
been demonstrated that all specific isoforms of these kinases produce both ben-
eficial and detrimental effects on the heart, which are dependent upon the in-
tensity and duration of stimulus for their activation. While PKA, PKC and CaMK
are mainly involved in augmenting cardiac function as well as inducing cardiac
hypertrophy and arrhythmias, PI3K is mainly involved in maintaining (3-adre-
noceptor function and inducing inflammation as well as arrhythmias. On the
other hand, ERK1/2 mainly participate in the genesis of cardiac hypertrophy
and cytoprotection whereas p38-MAPK and JNK are primarily involved in car-
diac dysfunction, apoptosis and fibrosis. Since the activities of most protein ki-
nases are increased under prolonged pathological conditions, a wide variety of
their inhibitors have been shown to produce beneficial effects. However, exten-
sive research needs to be carried out to understand the pathophysiology of dif-
ferent isoforms of each protein kinase as well as for the development of their
isoform-specific inhibitors.

Key words: Protein kinase A; Protein kinase C; Ca*-calmodulin kinase; Phos-
phoinositide 3-kinase; MAP kinase; Extracellular regulated protein kinase;
p38-MAP kinase; Cardiac hypertrophy; Arrhythmias; Cardiac function.
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Introduction

It is now well known that a wide variety of signal  as well as cellular stresses to modify the struc-
transduction pathways are activated by different  ture and function of cardiomyocytes in health
extracellular (chemical and mechanical) stimuli ~ and disease.™ One of the common components
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of these signal transducing systems is a group of
several protein kinases, which not only transmit
the signals to their target sites but also regulate
the functions of different subcellular organelles
such as sarcolemma, sarcoplasmic reticulum, mi-
tochondria, myofibrils, nucleus and extracellular
matrix in the heart.!?!* Several types of protein
kinases are present in the myocardium and each
of these enzymes have two or more isoforms with
some overlapping structural characteristics but
distinct biological functions. Some of these sig-
nal transducing proteins include protein kinase
A (PKA), protein kinase C (PKC), Ca®*-calmodulin
dependent kinase (CaMK), phosphoinositide 3-ki-
nase (PI3K) and mitogen-activated protein ki-
nase (MAPK). These protein kinases have been
demonstrated to regulate cation transport, cel-
lular growth, gene expression, cellular apoptosis
and fibrosis as well as myocardial metabolism?*>*’
and are thus considered to play a major role in the
regulation of cardiac function.

It is pointed out that all protein kinases, upon ac-
tivation by diverse agents or interventions, evoke

Nusier et al. Scr Med 2023 Jun;54(2):181-95. [

immediate biological actions for the regulation of
several subcellular protein activities. A schemat-
ic representation of different protein kinases and
their activators is shown in Figure 1 whereas that
for major sites and targets of the activated trans-
ducing proteins is given in Figure 2. The process
of activation involves the transfer of y-phosphate
group from ATP to hydroxyl group of serine/
threonine protein kinases or tyrosine residue of
tyrosine protein kinases. It should be noted that
most of these protein kinases exert both benefi-
cial and detrimental effects depending upon the
intensity and duration of the stimulus as well as
isoform of the enzyme involved in the process of
signal transduction. A few beneficial effects of
some inhibitors of the activated protein kinases
are shown in Figure 3. In the present article, the
existing information regarding some protein ki-
nases for their activation, actions as well as par-
ticipation in various signal transduction path-
ways in normal and diseased hearts is updated.
In view of the complex mode of involvement of
various protein kinases in diverse signal trans-
duction pathways, it is intended to briefly discuss
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Figure 1: Activation of different protein kinases in the heart by
some intracellularly produced complex factors and metabolites
as well as extracellular growth factors and agents

PPAR a, peroxisome proliferator-activated receptor a; G-ERB, G-protein cou-

pled estrogen receptor B; PMA, phorbol myristate acetate; TNF-a, tumor ne-
crosis factor -a; IL-1, interleukin-1; JNK, c-jun N-terminal protein Kinase;

Figure 2: Major sites and targets of some activated protein
kinases in the heart

PKA, protein kinase A; PKC, protein kinase C; CaMK, Ca®*- calmodulin protein
kinase; RyR2, ryanodine receptors; PI3K, phosphoinositide 3-kinase; ERK1/2, ex-
tracellular regulated protein kinase 1 and 2; JNK/p38K, cellular stress activated
MAP kinases; BARKT, B3-adrenergic receptor kinase 1; Akt, protein kinase B;
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Inhibitors of Some Protein Kinases and
Beneficlal Actions on the Heart
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Figure 3: Beneficial effects of different inhibitors of some pro-
tein kinases in heart disease

PKA, protein kinase A; PKC, protein kinase C; CaMK, Ca?*- calmodulin protein
kinase; PI3K, phosphoinositide 3-kinase; p38-Kinase, cellular stress activated
MAP kinase;

the role of these signalling proteins in modifying
different biological processes. Since all protein
kinase are activated during the development of
heart disease, an attempt has also made to identi-
fy appropriate protein kinases as targets for drug
development for improving cardiac performance.

Role of Protein Kinase A

PKA is a tetramer holoenzyme, which consists of
two regulatory subunits and two catalytic sub-
units. The catalytic subunits harbour the active
site, a sequence of canonical amino acid residues
that bind and hydrolyse ATP and a domain that
binds the regulatory subunit. The regulatory
subunits have three domains - one that binds
cyclic AMP, another domain which interacts
with catalytic subunit and an autoinhibitory do-
main.'®* Upon binding of cyclic AMP to regulatory
subunits, dissociation and release of active reg-
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ulatory monomers occur for the transduction of
signal.' There are four types of PKA - Rla, PKA-
[la, PKA-I and PKA-IIB, which are expressed in
cardiomyocytes.?’ It is noteworthy that PKA is
responsible for phosphorylation of numerous
proteins involved in the regulation of myocardial
contraction and relaxation. The activation of PKA
has been reported to phosphorylate sarcolemma
(SL) Ca?* channels to increase the influx of Ca?
into cardiomyocytes for the occurrence of an in-
crease in cardiac contractibility. Several studies
addressing the interaction of PKA with sarcoplas-
mic reticulum (SR), at phospholamban (PLB) and
ryanodine receptor 2 (RyR,, Ca*- release chan-
nel proteins), have appeared in the literature to
promote Ca%*-uptake and Ca?*-release activities
for the regulation of myofibrils for affecting the
overall cardiac performance.?’?* Furthermore, it
has been reported that PLB, a SERCA regulatory
protein, is phosphorylated by PKA in cardiomy-
ocytes in response to stimulation by (-adreno-
ceptor (B-AR) agonists, catecholamines, which
relieve the inhibitory effect of PLB on SERCA2
and thus increase the SR Ca?-pump activity.?*28
PKA was also shown to phosphorylate and stim-
ulate the activity of RyR2 to release Ca?* from the
SR Ca?*-stores.?” PKA-dependent SR phosphory-
lation following -AR stimulation has also been
observed to produce an increase in the leakage
of SR Ca?*.*° In addition, to increasing the intra-
cellular concentration of Ca?*, phosphorylation of
myofibrillar proteins by PKA has been reported
to cause stimulation of cardiac filament change in
orientation and affect contractility of the heart.!
Moreover, stimulation of cardiomyocytes by 3-AR
is associated with phosphorylation of both my-
osin C protein and troponin I (cTnl) by PKA in
thick myofilaments and thin myofilaments, re-
spectively.®? It has also been reported that cTn1l
phosphorylation by PKA increases cardiac rate of
relaxation and crossbridge cycle kinetics and is
associated with frequency and after-load depen-
dent enhancement of heart function.?33®

[t should be pointed out that phosphorylated PKA
in the cytoplasm also enters the nucleus to acti-
vate appropriate transcription factors to induce
cardiac hypotrophy and improve cardiac func-
tion." 217 Since PKA induced phosphorylation of
various subcellular proteins increases cardiac
function, inhibition of the PKA can be seen to de-
press heart performance. Such an effect of PKA in-
hibitors was demonstrated to reduce infarct size
and prevent complications following myocardial
infarction.?® 3¢ Because proteasome assembly is
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facilitated by PKA phosphorylation, this assem-
bly of proteasome is also blocked upon PKA inhi-
bition.?” It is noteworthy that PKA inhibition has
been reported to play a role in decreasing apopto-
sis in cardiomyocytes.3® 3 Furthermore, PKA in-
hibition was shown to exert cardioprotective ef-
fect during ischaemic injury and promote growth
hormone induced cardioprotection during isch-
aemia reperfusion as well.?¢*° On the other hand,
prolonged activation of PKA invariably results in
cardiac dysfunction for the development of heart
failure. These observations are consistent with
the view that the activation of PKA not only in-
duces cardiac hypertrophy and improves cardi-
ac performance upon -AR stimulation, but also
plays a role in cardioprotection under different
pathological situations such as ischaemia-reper-
fusion injury.

Role of Ca?*-Calmodulin
Dependent Protein Kinase

CaMK is a ubiquitous mediator of Ca®"-linked
signalling, which phosphorylates various sub-
strates to regulate Ca*-mediated modifications
in cardiac function.” CaMK exits in four isoforms
which are encoded by highly related genes a, f3,
y and 8.** Although, the activation of CaMK by
Ca*-calmodulin is brief in nature, the oligom-
erisation of CaMK subunits is associated with a
prolonged activation process.**** It may be not-
ed CaMKII is one of the main effector enzymes
involved in Ca®* signalling in eukaryotic cells but
the position of the catalytic domain, Ca? sensitiv-
ity and autophosphorylation are altered by hete-
ro-oligomerisation processes for a, 3 and & sub-
units of the variable domain spacers of CaMK II.#?
The involvement of CaMKII in the modification
of excitation-contraction coupling by phosphor-
ylating RyR, PLB and SERCA2, makes it a major
player in modulating cardiac function and perfor-
mance.® *> 46 While the activation of CaMK for a
short period is known to improve cardiac perfor-
mance, a damaging effect on heart function has
been reported to be due to excessive or prolonged
activation of CaMKII in the myocardium, which is
associated with the development of hypertrophic
and apoptotic cardiomyopathy.*”*° It has been
demonstrated that reactive oxygen species (ROS)
increase the sensitivity of CaMKII to Ca®* and
this ROS-dependent CaMKII activation has been
shown to initiate angiotensin Il induced apoptot-
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ic cascade.®® Therefore, the positive and negative
effects of CaMKII activation are dependent on the
intensity and duration of stimulation. Different
CaMKII inhibitors have also reported to exert
both negative and positive effects on the heart.
Activation of CaMKII was observed to augment
oxidative stress and cause lethal ventricular ar-
rhythmias.5>®* CaMKII inhibition was also shown
to prevent maladaptive remodelling due to exces-
sive B-AR stimulation, Ca?** handling abnormali-
ties, as well as arrhythmias under in vivo condi-
tions.>> %5 An increase in RyR2-dependent Ca?
leakage due to increased phosphorylation of the
RyR2 has been suggested to explain the enhance-
ment of CaMKII activity in subjects susceptible to
atrial fibrillation®” and this effect of CaMKII was
also demonstrated to play arole in arrhythmias in
a mouse model of heart failure.>® Furthermore, it
has been shown that induction of CaMKII by pres-
sure overload may enhance protein synthesis and
cause hypertrophy, a process that is considered
to be adaptive initially but when prolonged it be-
comes pathological.>

It has been reported, that § isoform of CaMKII
plays a major role in the pathophysiological re-
modelling of the heart due to pressure overload.®”
61 In fact, various CaMKII isoforms has been
demonstrated to affect the heart function differ-
ently. It was shown that the levels of § and y iso-
forms of CaMKII were increased, following cardi-
ac hypertrophy induced by aortic constriction®% %3
and a substantial reduction in cardiac hypertro-
phy was observed when 6 isoform was inhibited
with a minimal disruption of CaMKII function.
Functionally, cardiac CaMKII-6B and &C are also
different as these isoforms are inversely regulat-
ed in response to IR injury and oxidative stress.
While, 6B inhibits myocyte apoptosis, 6C triggers
the opposite effect.®* %> Additionally, it has been
reported that CaMKII 6B overexpression is cardi-
oprotective against hypoxia, oxidative stress and
angiotensin-II induced apoptosis, probably as a
consequence of CaMKII 6C inhibition.®® ¢’ It has
been shown that acute overexpression of CaM-
KII 8C alters RyR function, leading to enhanced
SR Ca* leakage, which may cause ventricular ar-
rhythmia in mice.*”*® This damaging effect was
prevented when CaMKII inhibitors such as KN93
and autocamtide2-related inhibitory peptides
were used.®®7? Collectively, these reports support
the concept that both positive and negative ef-
fects of CaMKII signal transduction pathway de-
pend on the involvement of specific isoform of the
enzyme.
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While cardiomyocyte hypertrophy has been
shown to be induced by CaMKII 83 via the activa-
tion of apoptosis signal-regulating kinase 1 (ASK-
1), phosphorylation of Ca*-induced ASK-1 was
reported to be inhibited by KN93.”%'72 Since nu-
merous studies have revealed that CaMKIl is a key
player in addition to CaMKI and CaMKIV for the
induction of hypertrophy in cardiomyocytes in
vivo,”*7% it has been suggested that CaMKII inhibi-
tion may reduce the development of hypertrophy
in the heart. Although, it was shown that the left
ventricular end-diastolic diameter is increased
and the fractional shortening is decreased upon
overexpression of CaMKIV in mice,’® 7* the ad-
vantage of CaMK inhibition in other pathological
settings is speculative. Nonetheless, it has been
reported that the recovery of cardiac function
after I/R is facilitated by ischaemic precondition-
ing and is inhibited by KN93; these findings pro-
vide evidence for the activation of CaMKII in the
preconditioning process.”®”7 The impairment in
the SR function in the myocardium has also been
shown to be due to modification in SR CaMK-fa-
cilitated phosphorylation, as well as due to re-
duction in the level of SR proteins and activity of
SR CaMKII.’® 7 Regardless of the involvement of
CaMKII 6C in the process of hypertrophy, it has
been reported to phosphorylate calcineurin and
cause inhibition of its activity. It was also shown
that cardiac hypertrophy, dysfunction and ar-
rhythmias are caused by calcineurin®® 8! indicat-
ing that inhibition by calcineurin of active CaMKII
6 is probably more efficient than inhibition of the
inactive form of CaMKII &8. These observations
support the view regarding the differential sig-
nificance of CaMK isoforms in affecting the car-
diac function.

Role of Protein Kinase C

PKC plays an important role in relaying informa-
tion for a variety of extracellular signals across
the membrane to regulate several Ca%*-linked
activities. The PKC family has many isoforms
that share a conserved kinase domain with an
ATP-binding site at the carboxyl terminal.* 8 Ma-
jor PKC isoforms expressed in hearts are o and 8
with a being more human specific.®®* Depending
upon the mode of activation, PKC is divided into 3
classes namely conventional (cPKC), novel (nPKC)
and atypical (aPKC). Conventional ones respond
to Ca?* and diacylglycerol (DAG) to express their
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activities and have a, BI, BII and y isoforms. The
novel ones are activated by DAG, independent of
Ca? and exhibit §, €, 1 and 8 isoforms. Atypical
ones respond to phosphoinositide-dependent ki-
nase-1, independent of Ca* and show  and A iso-
forms.*8*85 [t has been reported that phorbol es-
ters increase the activity of PKC associated with
membranes to produce cardiac dysfunction.®¢ It
was shown that PKC isoforms «, 3, €, {and Ca**-in-
dependent activity are increased in cytosolic and
homogenate fractions of diabetic hearts; this
increase demonstrates a link between subcellu-
lar modifications and cardiac activity in these
hearts.?” Additionally, hormone induced hyper-
trophy in hearts was linked to PKC activation as it
was found that both membrane and nuclear cyto-
skeletal fractions of hypertrophied heart due to
pressure overload were associated with increase
in levels and activities of specific PKC isoforms,
PKC-B1,2 and PKC-£.22 Braun and coworkers®’
have also reported an increase in PKC §, unlike
PKC « or € isoforms, in the left ventricular hyper-
trophy induced by volume overload whereas an
increase in the activity and protein expression of
both a and 6 isoforms of PKC was observed in the
right ventricular hypertrophy. It was shown that
the left ventricular dilatation due to angiotensin
II was associated with the activation of phospho-
lipase C, causing phosphatidylinositol (PI) hydro-
lysis and PKCe activation. Similarly, an increase
in the autophosphorylation of PKC-§ was seen to
occur prior to the development of left ventricular
hypertrophy as well as during the transition to
heart failure. Although the expression of PKC-«a
was unchanged during the induction of cardi-
ac hypertrophy, it was augmented prior to the
development of left ventricular hypertrophy.®*
92 Therefore, it was concluded that activation of
specific PKC isoforms plays an important role in
either the positive or the negative effect of the
PKC signal transduction pathway. Nonetheless,
inhibition of PKC was reported to prevent the oc-
currence of abnormal myocyte mechanics in dia-
betes and improve contractility of the heart.8% %3
It is pointed out that an increased expression of
PKC-a and PKC-f isoforms was linked to the loss
of cardiac contractile function in diabetes, which
eventually caused heart failure because of the
regulatory effect on Ca*-cycling proteins.?% 9497

It has been reported that ruboxistaurin, an inhib-
itor of PKC-B, attenuates diastolic dysfunction,
myocyte hypertrophy, as well as collagen depo-
sition for preserving cardiac contractility in di-
abetic cardiomyopathy.’® °° Additionally, Boyle



186

and coworkers!® reported that inhibition of PKC
with ruboxistaurin attenuated the pathological
fibrosis and impairment of cardiac function in
experimentally induced myocardial infarction.
Deterioration in cardiac contractility and depres-
sion of metabolic activities in the ischaemic heart
conditions were shown as an effect of aldoste-
rone induced vasoconstriction through PKC-de-
pendent pathways.!° 192 Furthermore, Wang et
al’! reported a close association between the up-
regulation of PKC-a, PKC-f3 and PKC-¢ expressions
and the activity of PKC in cardiac dysfunction fol-
lowing MI. It was observed that inhibition of PKC
by ruboxistaurin decreased ventricular dilation,
improved ventricular performance and reduced
fibrosis in mice following 10 weeks of pres-
sure-overload.”® It was also shown that PKC-a
-/- mice were less vulnerable to heart failure,
while PKC-/y -/- mice showed severe heart fail-
ure by a longstanding pressure overload.”® Upon
subjecting transgenic mice to inhibition with ru-
boxistaurin, an increase in cardiac contractility
was noticed in the PKC-B/y -/- model but not in
the PKC-a -/- model.”® These results provide fur-
ther evidence concerning the significance of PKC
isoform inhibitor specificity. It was also observed
that Ro-318110, a PKC-a selective inhibitor,
caused an increase in cardiac contractile func-
tion of the heart and improved the pump function
in heart failure in a mouse model.?* These stud-
ies also indicated the effectiveness of the specific
inhibition of PKC-a by Ro-320432 in improving
heart contractile function.

It was claimed that the compound G6 6983 pro-
vides better cardioprotection than other PKC
inhibitors when administered at the start of
reperfusion, because it averts intracellular Ca?
overload following ischaemic reperfusion inju-
ry and in addition to PKCg inhibition, it also de-
pressed other PKC isoforms.1%® 1% [nhibition of
PKC-BII was shown to improve contractility fol-
lowing cardiac dysfunction due to the ischaemia
reperfusion induced by polymorphonuclear leu-
kocytes (PMN). This action was due to inhibition
of the release of PMN superoxide and the increase
in the nitric oxide release from the endotheli-
um.'5107 Although the extent of inhibition of PKC
was found crucial, the expression level of 5-spe-
cific PKC as well as inhibition of its translocation
were also shown to impact heart function.” In
fact, an improvement in heart dysfunction with-
out significant changes in heart structure, func-
tion or gene expression has been reported in the
presence of low levels of this inhibitor.’” On the
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other hand, severe consequences were observed
upon overexpression of PKC-6 V1, which were le-
thal with depressed cardiac contractile activity,
increased expression of foetal cardiac genes and
formation of myocyte protein aggregates.'°®

Inhibition of PKC attenuated the effects of isch-
aemic preconditioning on cardiac function and
lipid peroxidation indicating that cardiopro-
tection involving the activation of PKC may be
a consequence of the depression in the reactive
oxygen species (ROS) induced damage.!*® 1% In
fact, the activation of PKC has been reported to
play an important role in exercise-induced car-
dioprotection against ischaemia-reperfusion
injury.!* 12 Furthermore, the activation of PKC
by angiotensin II, preceding ischaemia, was ob-
served to limit myocardial infarct size.!’® Since
the overexpression of the active cardiac-specific
PKCe mutant in transgenic mice has been shown
to cause concentric hypertrophy with normal in
vivo cardiac function!* !> the association of car-
dioprotection and the activation of PKC, espe-
cially the isoform g, has been established during
ischaemia-reperfusion injury.!*¢: 17 While cardio-
protection by improving vascular endothelial ni-
tric oxide release was achieved when PKC-¢ was
activated upon the administration of a peptide
activator prior to ischaemia, but not during pre-
conditioning, a PKC-¢ inhibitor was observed to
eliminate the cardioprotective effects of PKC-¢
activator.!*® PKC-¢ translocation from the cytosol
to the membrane has also been shown to modi-
fy the cardioprotective effects of opioid receptor
stimulation, causing decrease in cellular injury
due to lethal ischaemia.'* 1?° Since cardioprotec-
tion due to ischaemic preconditioning occurs in
two phases, the mechanisms for the involvement
of PKC in early and late phases of cardiopro-
tection have been shown to be of a complex na-
ture.!?"125 While cardioprotection in early phase
involves posttranslational modification of redox
sensitive proteins whereas the late phase is me-
diated by cardioprotection of gene expression.'?!
Furthermore, neither the activation and translo-
cation of any specific PKC isoforms nor the role of
associated signal transduction pathways involv-
ing mitochondrial KATP channels, formation of
oxyradicals species and generation of nitric oxide
in both phases of cardioprotection by ischaemic
preconditioning is fully understood.'?*'?°* On
the other hand, translocation of PKC-¢ has been
demonstrated to be involved in exercise precon-
ditioning induced by both early and late phases of
cardioprotection.
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Different cardiac PKC isoforms were found to
modulate apoptosis induced by hyperglycaemia
and cardiac PKCe activation was observed to pro-
tect ventricular myocytes in rats from death sig-
nals induced by hyperglycaemia.’?” 128 [n addition,
cardiac specific expression of the PKC-¢ translo-
cation activator Ye-RACK (a PKC g-agonist) has
been reported to protect cardiomyocytes from
apoptosis signals induced by hyperglycaemia.'*”
129 Since PKC is an essential signalling component
for the fibroblast growth factor 2 (FGF2)-induced
cardioprotection, various interconnections be-
tween the MAPK and PKC pathways during
ischaemia-reperfusion injury are considered to
play a key role in cardioprotection produced by
FGF2.13% 131 Furthermore, Das and coworkers!3?
have reported that selective translocation of PKC
isoforms a, 6 and 6 from cytosol to membrane
fractions and have thus suggested their proba-
ble role in cardioprotection induced by sildenafil.
Accordingly, it is evident that not only there is a
great deal of specificity of PKC isoforms but the
selective transduction as well as translocation of
some PKC isoforms are also a special feature of
cardioprotection under various conditions.

Role of Phosphoinositide
3-Kinase

PI3K is a heterodimeric molecule which con-
sists of 2 subunits; a regulatory p85 subunit and
catalytic p110, subunit harbouring two SH2 do-
mains.!3¥ 13* These subunits form adaptor mo-
tifs connecting tyrosine kinases and their sub-
strates;!®®> both catalytic p110 and regulatory
p85 form in vivo obligate heterodimers.!*¢ The
catalytic protein forms a bilobal structure with
an ATP-binding pocket between N-terminal and
C-terminal sections and the catalytic amino acid
residues in the phosphate-binding subsite.!3” 138
Various isoforms of PI3K are involved in the regu-
lation of different types of biological functions in
the heart. For instance, PI3Ka isoform mediates
changes in the size of cells whereas PI3Ky isoform
inhibits the production of cAMP and thus reduces
cardiac contractile activity.!3* *° PI3K inhibition
has also been reported to decrease cardiac ar-
rhythmias due to ischaemia as well as inflamma-
tion following MI.1*1-142 [t was shown in an animal
model with chronic pressure overload overex-
pressing PI3K that active endogenous PI3K was
replaced by inactive PI3K and this shift resulted
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in delay in the development of cardiac dysfunc-
tion'*® indicating the role of PI3K in heart failure.
Perrino and coworkers!** have reported that tar-
geting of PI3K at the site of activated AR plays a
central role in the downregulation of BAR. In this
regard, competitive removal of PI3K from ARK1
was found to conserve BAR signalling in heart
failure, defer cardiac dysfunction progression
and prolong lifespan of the genetic heart failure
animal model. These investigators have also re-
ported that adenovirus gene transfer of PI3K do-
main resulted in a decrease in the activity of the
receptor-localised PI3K and caused normalisa-
tion of contractility in failing pigs hearts.'*> Nien-
aber et al'*® have shown that PI3K participates in
the regulation of the level as well as sensitivity of
BAR function in hearts and observed a significant
role of this kinase in BAR dysfunction in pressure
overload-induced heart failure. Therefore, it was
suggested that inhibition of PI3K may preserve
BAR signalling to avert heart failure.

A decline in cardiac function due to free radicals
has been linked to PI3Ky activation by tumour ne-
crosis factor-a (TNF-a) for causing remodelling
of the myocardium.'” Perrino et al'*® have also
reported that pathological pressure overload en-
hances gene expression of PI3Ky, suggesting that
its inhibition may attenuate cardiac hypertrophy.
Gene knockout animal models of PI3K regulatory
subunit p85 has also revealed a decrease in heart
size and preservation of cardiac contractility
and structure.*® *° [t was observed that G pro-
tein-coupled oestrogen receptor was upregulated
in isolated rat hearts following ischaemia-reper-
fusion and thus may improve cardiac function re-
covery and reduce the infarct size; such positive
effects were eliminated when PI3K was subject-
ed to inhibition by wortmannin.’>* 152 [t should
be noted that PI3K inhibitor, wortmannin, elim-
inated the improvement in cardiac function re-
covery in epoxyeicosatrienoic acid treated hearts
but did not inhibit the recovery of rBNP-treated
hearts.’>® Furthermore, wortmannin has been
observed to attenuate adrenomedullin-induced
positive effects, such as infarct size reduction,
haemodynamic improvements and apoptosis in-
hibition and therefore it was suggested that ad-
renomedullin induces cardioprotective effects
through the PI3K/Akt pathway.'>*15° In a genet-
ic mouse model of atrial fibrillation associated
with heart failure, it was shown that a reduction
in PI3K (p110a) activity increases the suscepti-
bility to atrial fibrillation, whereas an increase in
the activity decreases atrial fibrosis and improve
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cardiac conduction.’® Additionally, contractile
defects have been reported in cardiac myocytes
lacking PI3K subunit p110a.'” On the other hand,
it was observed that an increase in the activity of
PI3K p110a has positive effects on cardiac func-
tion in animal models of heart failure.!*® Absolute
deficiency of PI3K-f3 subunit was found to result
in dramatic reduction in myocardial contractile
performance, while absolute deficiency of PI3K-y
resulted in myocardial infarction in mice.** Thus,
PI3K can be seen to play an important regulatory
role in inducing both beneficial and detrimental
effects in heart function depending upon the in-
volvement of its isoforms and subunits, which are
activated by either by growth factors or by proin-
flammatory interventions.

Role of P38 Mitogen-Activated
Kinases

MAPKs are intracellular signalling molecules
which are activated by either growth factors or
by proinflammatory cytokines!® 1 16° and are
known to exert both beneficial and detrimental
effects on the heart. Cardiac dysfunction and
apoptosis have been linked to the activation of
p38-MAPK when changes in Ca? status (Ca? de-
pletion and Ca?* repletion) occur.®* While apopto-
sis has been shown to occur upon the activation
of a-isoform of p38-MAPK, cardiac hypertrophy
has been observed when p38-MAPK [-isoform
was overexpressed.’®> Nonetheless, inhibition of
p38-MAPK has been reported to be cardioprotec-
tive against ischaemic damage.'**1%¢ Otsu and co-
workers!'®” have demonstrated that a p38-MAPK
knockout model was resistant to ischaemia/
reperfusion injury. ROS has been reported to in-
crease p38-MAPK activation and subsequently
results in myocardial damage.'®® It was reported
that rats treated with selective p38- MAPK in-
hibitors showed a decrease in angiotensin Il-in-
duced ROS production, hypertension and cardiac
hypertrophy.'®® Since cardiac dysfunction due
to inflammatory response has been associated
with p38-MAPK activation as well as expression
of inflammatory cytokines, the inhibition of p38-
MAPK with specific inhibitors has been reported
to avert the negative inflammatory effects on the
heart function.’”??’2 Li et al'”® have shown that
p38-MAPK-a inhibition in a rat model of acute
myocardial injury has a cardioprotective effect
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and substantially improved cardiac function. On
the other hand, P38-MAPK-knock-out hamster
model has been reported to develop early heart
failure and cardiac dysfunction in comparison
with the control group.}’? Although most of the
regulatory actions of JNK are similar to those
of p38-MAPK! 1! the effects of JNK and p38 in-
hibitors on cardiac dysfunction in hamsters are
opposite to each other.'’2 These observations are
consistent with the view that p38-MAPK and JNK
may exert both good and bad regulatory actions
in the heart.

It needs to be emphasised that in addition to p38-
MAPK and JNK, both ERKI and ERK2 belong to
MAPK family of serine-threonine specific protein
kinases.!? 11.16.17 These proteins and their differ-
ent isoforms and subunits share 60 to 70 % sim-
ilarity and thus a great of caution be used while
interpreting the effects of their inhibitors.'6% 162
Furthermore, it is pointed out that while p38-
MAPK and JNK are mainly concerned with the
regulation of transduction pathways for isch-
aemia-reperfusion injury, apoptosis and cardiac
dysfunction, both ERK1 and ERK2 are known
to play a major regulatory role in the processes
concerned with the development of cardioprotec-
tion and cardiac hypertrophy.'® ¢ 173 Upon acti-
vation by PKC in the cytosol, both ERK1/2 enter
the nucleus to phosphorylate different transcrip-
tion factors for the regulation of hypertrophic
response in the heart.!>* Activation of ERK1/2
upon the induction of pressure overload has been
reported to promote cardiomyocyte survival.l”®
Multiple circulating hormones and growth fac-
tors such as angiotensin II, insulin, platelet de-
rived growth factor and epidermal growth fac-
tor as well as tumour promoting phorbol esters
have been shown to activate ERK1/2 and induce
cardiac hypertrophy.}’¢17? It should be also point-
ed out that prolonged activation of ERK1/2 has
been demonstrated to result in the development
of heart failure'®® 18! and thus antihypertrophic
agents such as angiotensin Il antagonists and an-
giotensin converting enzyme inhibitors can be
seen to produce beneficial effects in heart failure
as a consequence of reduction in the activity of
ERK1/2.'21* Tt should be noted that both p38-
MAPK and JNK are activated by the ischaemic in-
sult’®% 183 whereas the effects of ischaemia-reper-
fusion on ERK1/2 activities are controversial.’®*
185 In fact, inhibition of ERK1/2 has been report-
ed to enhance ischaemia-reperfusion injury as
well as apoptosis.’®® Furthermore, ERK1/2 sig-
nal transduction pathway has been reported to
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induce compensated cardiac hypertrophy.'*” Not
only the effects of ERK1/2 activation on apopto-
sis are opposing to those p38K-JNK,!8® ERK1/2
signal transduction pathways have been report-
ed to play an antiapoptotic role in the cell surviv-
al.’®? These observations support the view that
ERK1/2 pathway is mainly cytoprotective.

Conclusion

rFrom the foregoing discussion, it is evident
thatthere are five major types of protein kinas-
es, which participate in different signal trans-
duction pathways for relaying information to
target sites at the subcellular organelles in the
heart. One group of these signal transducing
proteins includes PKA, PKC, CaMK and PI3K
(which are activated by various hormones and
mechanical stimuli) whereas the other group
(MAPK), includes two classes of proteins
namely ERK1 and ERK2 (which are activated
by growth factors) as well as p38-MAPK and
JNK (which are activated by proinflammatory
cytokines: TNF-a and IL-1). It is pointed out
that in spite of the presence of numerous pro-
tein kinases, which may participate in diverse
signal transduction pathways in the myocar-
dium, some protein kinases such as PKA, PKC
and CaMK are mainly involved in regulating
cardiac function, cardiac hypertrophy and ar-
rhythmias whereas PI3K is involved in induc-
ing inflammation as well as modifying (3-ad-
renoceptor-mediated pathway. Furthermore,
ERK1/2 mainly participate in the develop-
ment of cardiac hypertrophy and cytoprotec-
tion whereas p38-MAPK and JNK are involved
in cardiac dysfunction as well as cellular in-
jury. It also needs to be emphasised that all
these protein kinases have been demonstrat-
ed to participate in inducing both beneficial
and detrimental effects with respect to cation
transport, cellular injury, apoptosis, fibrosis,
cellular growth, gene expression, cardiac hy-
pertrophy and cardiac dysfunction. However,
these actions are of complex nature and are
dependent upon the intensity and duration of
stimulus. Accordingly, extensive work needs
to be carried out in order to establish which
effects is adaptive and which effect is harmful
in nature. Nonetheless, it appears that these

protein kinases are not only involved in the
transmission of signals to subcellular organ-
elles but are also involved in the regulation of
their activities.

It is noteworthy that each type of protein ki-
nase is expressed in the form of two to four
isozymes which have been shown to produce
distinctly different biological functions in the
myocardium. In fact, the activation of some
isoforms of a protein kinase have been re-
ported to induce opposite actions in response
to different interventions and thus both the
beneficial and detrimental effects of various
protein kinases upon their activation are dif-
ficult to interpret. Although a wide variety of
inhibitors are available, their isoform specific-
ity needs to be carefully determined during
the development of various cardiovascular
diseases. It is therefore suggested that time-
course studies for different isoforms of each
type of protein kinase be examined. Likewise,
appropriate genetic animal models for each
isoform of different protein kinases be devel-
oped to gain the information regarding their
exact functional significance in different dis-
eases. Since various protein kinases are ac-
tivated during the development of heart fail-
ure, the status of each isoform of these signal
transducing proteins be examined in order to
understand their role in the pathophysiology
of this major cardiac disorder as well as for the
development of isoform specific inhibitors for
the treatment of heart disease.
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Abstract
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Introduction

The development of critical care medicine began
in mid-1950s in response to a poliomyelitis out-
break at the time, but the modern critical care as
an independent specialty began to develop in the
1970s in the United States, while in Western Eu-
ropean countries this process was delayed by ten
to twenty years.®

When it comes to developing critical care in low-
to middle-income countries (LMICs), the data is
very scarce. In these settings, surgical critical
care has traditionally been provided by anaes-
thesiologists in most areas while access to med-
ical critical care is still limited.* > Currently, the
World Bank classifies Bosnia and Herzegovina (as
well as the Republic of Srpska) as an upper-middle
income country,® but it’s healthcare system and

problems related to treatment of critically ill pa-
tients are quite similar to LMICs and accordingly
it can be defined as alow resource settings (LRS).
When talking or writing about LRS, it is neces-
sary to know that these countries are not situat-
ed somewhere in Africa, but in the heart of Eu-
rope (the Western Balkan where the Republic of
Srpska is situated). The definition of LRS is used
throughout this article to refer to healthcare sys-
tems in LMICs (as well as upper middle-income
countries), acknowledging that LRS exist even in
HICs.”

In post-war Republic of Srpska (as well as Bos-
nia and Herzegovina), no Medical Intensive Care
Unit (MICU) existed until December 2008, when
the first modern MICU in the country opened in

Copyright © 2023 Kovacevic. 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.
This article should be cited as follows: Kovacevi¢ P. Development of critical care medicine in post-war Republic of Srpska - Banja Luka region. Scr Med 2023 Jun;54(2):197-200.
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Banja Luka.? Until the establishment of the MICU,
medical critically ill patients were treated in
poorly equipped classical general wards with-
out cardiovascular and respiratory support and
usually without haemodynamic monitoring (Fig-
ure 1). Invasive mechanical ventilation and other
advanced life support interventions were only
possible in surgical intensive care units, to which
only a small number of medical critically ill pa-
tients gained access to.>8

.

Figure 1: Medical Intensive Care Unit 2007 at Clinic for Pul-
monary Diseases, University Clinical Centre of the Republic
of Srpska. Treatment of critically ill patient without haemody-
namic and respiratory monitoring

A similar situation can still be found in other
countries of Eastern Europe and in low- and mid-
dle-income countries worldwide.’ In the case of
Bosnia and Herzegovina, a four-year war caused
the country’s health system to collapse. The im-
mediate post-war years resulted in isolation
from the surrounding countries and the flow of
information and exchange of medical knowledge
was very poor. All these events - the war and the
post-war period, devastation of medical struc-
tures and equipment and the transition of the
country from one political structure to another
- were a great burden on the health system.! Es-
pecially for new and young medical disciplines, it
was practically impossible to establish effective
patient care. Generally speaking, all three crucial
links of medicine (clinical practice, education and
research) had stagnated and regressed during the
war and post-war period. The devastated health
and education system did not recognise critical
care as a discipline; critical care topics were not
taught during undergraduate and postgraduate

Kovadevié. Scr Med 2023 Jun;54(2):197-200. M

training and there was no significant research
work in this field.*> 811

In order to aid its post-war recovery, the Europe-
an Commission and other European institutions
like the Coimbra group and the Union Internatio-
nale Contre Le Cancer (UICC) have created various
projects to help the mobility of young research-
ers and doctors from Bosnia and Herzegovina.®
The main objective was to assist the health and
education system and to facilitate the exchange
of knowledge and experience between clinicians
and researchers in the region. The first physician
to receive such a grant for the purpose of edu-
cation in critical care was Dr Peda Kovacevi¢ of
the University Clinical Centre of the Republic of
Srpska (UCCRS). During his training periods at
the University Hospital Heidelberg between 2005
and 2007, Dr Kovacevi¢ was mentored by Prof. Dr
F Joachim Meyer, a board-qualified specialist in
the field of internal medicine, cardiology, respira-
tory medicine and critical care. He was head of
the MICU at Heidelberg University Hospital. Dr
Kovacevi¢ added training in invasive bronchosco-
py techniques at Heidelberg’s renowned Thorax-
klinik under the supervision of Prof. Dr Heinrich
Becker, then chief of the endoscopy unit. In 2006,
under the guidance and referral of Prof. Meyer,
Dr Kovacevi¢ applied successfully for the presti-
gious Travel Award for Young Fellows in Develop-
ing Countries by the American Thoracic Society
(ATS). Dr Kovacevi¢ attended the ATS meeting in
San Diego, where he met Bosnian-born critical
care specialist Prof. Ognjen Gaji¢, MD from the
Mayo Clinic in Rochester, USA.

Prof. Meyer and Prof. Gaji¢ organised the first do-
nation of non-invasive ventilators to the Pulmo-
nary Department of the UCCRS. After his return
from Heidelberg in 2007, Dr Kovacevi¢ was able
to develop a modern medical critical care service
there. In the same year, Dr Kovacevi¢ visited the
Critical Care Department at Mayo Clinic under the
supervision of Prof. Gaji¢, mainly for intensified
training in mechanical ventilation, both invasive
and non-invasive. One year later, the management
of UCCRS and the Ministry of Health of the Repub-
lic of Srpska, an entity of Bosnia and Herzegovina,
approved the establishment of the first modern
MICU in Bosnia and Herzegovina.>® Dr Kovacevic
was assigned a responsible leadership role in this
process.

During the following ten years, Prof. Meyer (Fig-
ure 2) and Prof. Gaji¢ (Figure 3) provided con-
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tinuous support for the development of medical
intensive care, which proved to be a difficult pro-
cess with multiple obstacles. Prof. Meyer visited
UCCRS and worked as a visiting physician and
mentor on several occasions in 2007, 2014 and
2016. He gave a series of lectures on intensive
care medicine, carried out the first invasive mon-
itoring by pulmonary catheter, the first percuta-
neous tracheostomy and provided education at
the bedside. These activities were also supported
by the Erasmus Mundus Plus project of the Euro-
pean Commission.

e \

Figure 3: Prof. Ognjen Gajic, MD, MSc, FCCP, FCCM, Mayo Clinic,
Rochester, MN, USA

In order to enhance the development of critical
care in Bosnia and Herzegovina, the first draft
of the curriculum for critical care specialisation
training was proposed in 2010 by Dr Kovacevi¢,
Prof. Dr Guillaume Thiéry (University Hospital
of Saint-Etienne, France), Prof. Ognjen Gaji¢ MD,
MSc (Mayo Clinic, USA) and Prof. F Joachim Mey-
er. In the spring of 2014, this proposal was ac-
cepted with Dr Kovacevi¢ becoming the country’s
first critical care training fellow. Prof. Meyer be-
came the program’s first international mentor in
Bosnia and Herzegovina. In September 2016, Dr
Kovacevic¢ successfully passed the board exam in
front of an international jury and became the first
critical care specialist in Bosnia and Herzegovina
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and among the first in ex-Yugoslavia region. Two
years later, he was assigned as the first program
coordinator for the critical care fellowship at the
University of Banja Luka Medical School.

J

Figure 4: Very first modern Medical Intensive Care Unit at Uni-
versity Clinical Centre of the Republic of Srpska, December
2008

|\ J

Figure 5: Modern MICU at the University Clinical Centre of the
Republic of Srpska, December 2022, today this is the only
ICU lever Il with possibilities for veno-venous extracorporeal
membrane oxygenation (vwECMO)

Together with Prof. Meyer and Prof. Gaji¢, Dr
Kovacevic¢ started the first research projects in
the field of respiratory and critical care at UCCRS.
In June 2019, Dr Kovacevi¢ published a paper ti-
tled “Impact of weekly case-based tele-education
on quality of care in a limited resource medical
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intensive care unit” in the prestigious journal
Critical Care.'? With this, the development of all
three crucial links in critical care medicine has
begun: the treatment of the critically ill, educa-
tion and research (Figure 4 and 5).

Conclusion

("It takes a village” - many highly motivated
enthusiasts were necessary to create and re-
alise the care of the sickest medical patients in
post-war Republic of Srpska (and Bosnia and
Herzegovina as well). Today critical care med-
icine is an enormous public health need of all
communities, in HIC and LRS alike. Today, the
MICU in Banja Luka is certified by ISO stan-
dard (9001:2015 and EN:15224) and serves as
a tertiary referral centre for medical intensive
care for the Republic of Srpska and provides
health services for a population of 1,000,000
inhabitants. The contribution of High Income
Countries (Heidelberg University, Mayo Clin-
ic and University Clinical Centre of Ljubljana)
for this project is indisputable and enormous.
The great challenge of the COVID-19 pandemic
should serve as a wake-up call for rapid devel-
opment of critical care programs around the
world. One of benefits that should come out
of this pandemic is a more rapid implementa-
tion of critical care medicine programs into
LRS. It is important to emphasise that trained
staff is far more important than “ICU bed” or
equipment. HIC in Europe are moving toward
critical care medicine harmonisation with the
main goal of standardising critical care prac-
tice. LMIC have to follow this pathway without
delay to include modern multidisciplinary, ev-
idence based critical care medicine into their

Kovadevié. Scr Med 2023 Jun;54(2):197-200. [l
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Abstract

Background/Aim: Nowadays, adolescents are exposed to some negative chal-
lenges. Bullying is one of the horrible phenomena that can be seen in the physical
and mental harassment of children and teenagers. Another challenge is addic-
tion to computer games as well as writing on social networks. Gambling addic-
tion, habituation and exposure to psychostimulants are also a trap for causing
severe pathology. The aim of this study was to present an insight into the possi-
ble challenges of today to which adolescents are exposed and how they affect

their personality and maturation.

Methods: The authors collected data and materials on the mentioned topics
from their daily medical work. They also used articles in professional magazines

and newspapers and television shows.

Results: Society must make efforts to eradicate such events in schools. We are
witnessing various challenges and pitfalls that affect youth, society, culture and
civilisation. Among the bad things, drug addiction, alcoholism, smoking, addic-
tion to the Internet and computer games are in the first place.

Conclusion: Due to negative challenges, the youth neglect their schoolwork and
duties. The school environment can be a place for violent behaviour, brachial at-
tacks (bullying and harassment). Recognising social interactions, family rela-
tionships and understanding the underlying psychiatric conditions which may
be associated with risky behaviour in adolescents could be essential for treat-

ment planning.

Key words: Adolescent; Risky behaviour; Social networks; Today's society.
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Introduction

Adolescence is the transitional period from
childhood to adulthood, in which the physical,
intellectual and social maturation of the
personality occurs. Since the growth, development
and maturation of various functions occur at
different levels, maturity and assuming the role of
adults depend on many social factors. The basic
problem in that period is the search for one’s own
identity, which is accompanied by a pronounced
desire for independence from adults and
confrontation with peers.! Prolonged schooling,
economic and social dependence of youth in our
society, makes the period of adolescence long and

often dramatic and young people are faced with
many challenges that are dangerous for young
people.? Considering that, society should pay
more attention to youth than it does. Society
consists of every group of people connected with
their specific human action. One of the challenges
for the youth is how to gain social respectability.
Itis an assessment of the value of a young person’s
social role and it is based, first of all, on the
profession that the individual performs, but also
on his other social and personal characteristics.
An individual’s reputation also depends on how
he performs certain activities, not only which

Copyright © 2023 Gres 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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activities he performs, how he relates to the
prevailingsocial values, whetherheistraditionally
or innovatively oriented. When determining the
reputation of a young man, the reputation enjoyed
by his family as a whole is also taken into account.
Incomplete families, those from the margins of
society, will mostly become problematic
individuals.?They opt for local groups that indulge
in crime in their neighbourhood, city or street.
These are criminals, bullies and violators of the
rules of conduct. Belonging to such anti-social
groups is also one of the challenges for certain
young people. By doing so, they gain a negative
reputation, ie “reputation”, which is valued by the
group of perpetrators of criminal acts.*

Since the beginning of time, people have placed
bets on the unpredictable outcomes of events.
Gambling was well known to the Babylonians,
Etruscans, Romans, Greeks and Chinese. Examples
of early gambling appear in ancient art and
literature. Gambling becomes visible in the works
of Homer, Chaucer and Shakespeare.> Among the
challenges faced by the youth in our country is
betting, ie pathological gambling. Always eager
for material means - money and at the same time
naive and inexperienced, they are easily
persuaded to try their luck by drawing lots.
Modern society, unlike the socialist one, offers
many offers in this sense.® There have long been
bars with machines for gambling games, lotteries,
bingos, which are all very attractive for young
people. Since they do not yet have a built-in
instance of personality (superego), they easily
lose control and indulge in excessive spending of
money.” They often come to them through violent
appropriation, robbery, kidnapping and blackmail
from peers or theft from parents (money,
jewellery, gold or expensive items) which they
then resell to get cash.?

There are several different types of Internet
addiction and they can be distinguished based on
the activity that the user is most engaged in while
using the Internet. There can be distinguished
addiction to different social networks, addiction
to information, addiction to playing video games,
addiction to online betting.? When they are seized
by the gambling passion for never before
experienced winnings, they do not choose the
means. Authors have had cases of parents who
suspected their son, so they secretly searched his
computer, smartphone and even followed him to
casinos to see what he was spending so much
money on. The same was the case with young
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patients addicted to computer games, chatting on
the Internet, who could not tear themselves away
from it, but spent their nights in front of the
screen. The next day, they were so sleepy and
tired that they were unable to follow the lessons,
deconcentrated for any kind of learning and
participation in the educational process in
general. Those with a weaker mental constitution
have succumbed to the challenges that modern
society generously offers.!?

Pathological gambling and betting is based on
“feeling” and the hope that Fortune and Kairos
will strike them and generously provide them
with material gratification and satisfaction.
According to one theory, gamblers actually like to
lose, because if they happen to win something,
they immediately invest it in the next attempt to
challenge the gods of luck.'! If the aetiology is
searched, exploring the early phase of growing up
of these patients, one often encounters a lack of
love at the earliest age.'? From the experience of
not being loved, they fantasise that they are
essentially bad and then, frustrated, they charge
with an imagined possibility of winning. And so
indefinitely, they prove to themselves
unconsciously that they are still good, if luck ever
rewards them. Or they come to terms with the
fact that they are bad and build their psychopathic
personality, later indulging more and more in
criminal activities. They defensively project their
bad sides onto their parents and/or society. They
take revenge on them for not being loved, they pay
for the necessary love denied to them in early
childhood.”

Bullying is a phenomenon of physical con-
frontation between peers or young people who
are weaker than themselves. Harassment usually
precedes brachial triggering of aggression in the
form of teasing, verbal abuse, insults or
humiliation. By doing so, they strengthen their
conceit about their own power. In the absence of
identity, they stick to the group and together they
bully the weaker ones. This is Fromm's well
known escape from freedom, where they identify
with the group and feel stronger.'* Bullying myths
are common disputes and fights between
schoolmates. It happens that two girls fight for
the love and attention of the same guy in front of a
group that knows what it's about and enjoys
fighting and rooting for one side. There are many
cases of severe physical injuries, manifestation of
sadistic perverse intentions, beatings, rape or
murder.'®
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Alcoholism, drugs, tobacco smoking are also
challenges that young generations face today.'
Surveys and research show thatalarge percentage
of young people consume these unhealthy and
addictive substances. Drinking beer and smoking
is almost a common habit in school age. Deadly
alcohol intoxications at parties as well as murders
and perversions under its influence are not rare,
as reported by black chronicles. Death from
overdose occurs not only in drug addicts, but also
in exceptional unaccustomed users of drugs,
which are available everywhere."’

The aim of the research was to gain an insight into
the possible challenges of today, to which children
and adolescents are exposed. Another goal was to
determine the connections with other habits and
disorders in the juvenile population and how they
affect their personality and maturation.

Methods

The authors collected information and material
on the described topics through their daily
medical practice, articles in magazines, texts in
newspapers, TV and other electronic forms of
information.

Discussion

Pressured by exogenous and endogenous
problems of depression or some other illness,
some adolescents may resort to self-destructive
behaviour. From injury by “carving” the skin,
the greater part of the left forearm to attempted
or committed suicide.!’® It would also be some
psychopathological internal challenge stimulated
by numerous possible external stimuli.’® For
example, unemployment after graduating
from high school or college fills young people
with pessimism, resignation to the life ahead,
melancholy, depression and even depression. The
maladapted, eager for life, but burdened by the
impossibility of fulfilment, reach for the rather
Thanatos opposite “exits” of their own hand.
Incidental deaths in traffic accidents or due to
drug or alcohol overdose and intoxication are
also challenges faced by psychopathologically
predisposed young people.?’ Newspaper reports
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are full of information about accidents with
serious injuries and even deaths of young people.
Returning from rural and urban parties, they lost
control of the steering wheel and in uncontrolled
conditions Kkilling not only themselves, the
passenger(s), but also innocent bystanders.?" %2
One of the challenges for young people is the so-
called going abroad. “Brain drain” is a social and
state problem, because the funds invested in the
long-term education of young people will never
be returned by work.?* The pauperisation of the
middle and lower classes took off. The middle
class has effectively disappeared. All this affects
young people as one of the external causes of
depression and consecutive suicidal behaviour.?*
Disappointmentin the life that they are just on the
threshold of, de-idealisation and disillusionment
push young people to take unwanted steps.?®
Disappointed in the social system, they become
apolitical.” In a state of plutocracy, an oligarchy
of the incompetent, which decapitates young
people in an attempt to survive from today to
tomorrow, they often indulge in juvenile crime
and delinquency.?”” Juvenile crime is on the rise,
participation in peer violence as abusers, young
people expose themselves to victimisation. Peer
violence and physical confrontations in early
and late adolescence are often associated with
psychopathological behaviours.?® The connection
of these behaviours as correlates with the
intolerance of frustrating situations, irritability
and internalising disorders such as depression
is completely clear. (Un)intentional injury
sometimes requires medical attention. Peer
abuse of the victim along with alcohol and drug
abuse was assessed through three questions: “I
often drink alcohol, what do I drink?” “I drink
excessively, why do I drink?” “I used drugs, why
do I take drugs” - family attitudes, experience
of family relations, cohesion and control in the
family.?®

One ofthe few challenges of unstable personalities
of young people is joining various occult
sects. Dumbed down by prejudices, mentally
unbalanced, they fall under the influence of
a group of like-minded people. The hierarchy
of the sect refers to a wise leader and blind
subjects.?® They are manipulatively managed to
eg all their earnings, property they have, legally
transferred to the sect. Sects seek to declare
themselves religions and be registered as civil
associations. Indoctrination in the sect goes so
far that the followers agree to sacrifices, injuries
to the skin, giving blood in ritual rites and even
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persuasion to commit suicide.3! Followers of
sects participate in obscure esoteric cults and
rites, isolate themselves from normal society and
life, simply disappear from the family, without
a trace. There are statistically verified data
about this phenomenon. Since these are secret
societies, investigations are difficult to access
and appropriate measures to protect misguided
youth are difficult to take. Only the church is
bothered the most by sects because they steal
their believers.*? Depending on their upbringing,
from earlier experiences of abuse they
experienced in childhood, some children are very
aggressive, easily lose control and take advantage
of weaker classmates. What others have done to
them before, they are now doing to their younger
selves.?® Learned behaviour, victimisations, are
passed down from generation to generation.
Of course, there is no justification for this and
such phenomena should be comprehensively
investigated and appropriate punitive measures
should be taken.** The phenomenon of bullying
has taken on large proportions. It must not
become a common occurrence. Violence is taught
from an early age. Hatred for everyone who is
different, as well as one’s own frustrations and
stresses, are projected through violence and
transferred to school premises and in front of the
school, to playgrounds and other meeting places
for young people.>® Corridors, alleys and hidden
corners of yards, where there is no supervision
of the elderly, are especially dangerous. It is
dangerous to be alone in a tram at night, because
criminals are returning from bars and parties
and are especially aggressive and willing to
deal with unprotected young people. Beatings
also occur with a fatal outcome.*® Recidivism is
common in such cases, because the abusers even
receive a gratuity if they remain undetected
and unpunished. Then they don’t learn from the
experience of the punishment served, but from
the abuse on their own skin.?” Bullying also
uses surrounding objects - chairs, levers, pipes,
knives, baseball bats, bricks. Shoe-shoeing is
common when the victim falls to the floor, so
bloody traces remain. The police sometimes do
not act promptly and appropriately towards
violent people, as many experiences show. It
happened that criminals used sadistic torture on
their victims.3® Terrible events also happened at
student parties and drunken parties. Aggression
as a drive component, from the id, is abused in
bullying. Aggressiveness itself is necessary for
survivalinacruelworld. However, aggressiveness
in bullying serves to release the accumulated
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dissatisfaction and unconscious revenge of those
who mistreated the bully in childhood.'®

Adolescents also do not consciously control
hidden and unconcealed aggressive outbursts
on the streets, sports fields and in their own
families, counting on avoiding punishment. They
are aware of the analyses of psychologists and
sociologists and use the “rights of their age” to
reward their aggressive impulses.* Adolescence
also carries impulses to acquire the ability to use
a form of progressive gratification. They belong
to maturity, accepting obligations and the joy of
overcoming life’s difficulties. Understanding the
period of adolescence as a boundary between
the tendencies of regressive and progressive
gratification, the therapist supports progressive
elements and enables the future mature person
to easily reject the tendency of regressive
gratification.®®

Conclusion

Adolescence is a time of transition from a child\
to an adult, a time of great parting. Separation
from previous authorities, emotional security
of childhood and economic dependence on par-
ents is a painful and frustrating experience.
Anxiety, which accompanies this frustration,
leads, along with the biological and sociolog-
ical impulse towards separation, to defences
against that separation. The most common
defence in that period of life is regression. The
adolescent becomes ambivalent. Both tenden-
cies: both separation and regression frustrate,
but also gratify. The adolescents are aware of
their position in the family and in society. They
know that a lot of things have been forgiven
them in advance because of the "crazy years".
That is why they allows themself such forms of
behaviour, which they are aware are inappro-
priate for their age. They could easily control
them, but the adolescents manage, due to their
specific position, to mostly avoid the unpleas-
ant consequences of such behaviour that gives
them gratification. They are not motivated to
look for other more constructive and progres-
sive forms of behaviour.?” Aggression in youth
can be expressed in visible and invisible ways:
through feelings, phantasms, desires, thoughts
and movements. Pathological aggression ex-
hausts the psychic apparatus that defends it-
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self and exhausts it with increased discharge
through the body and repeated defences such
as repression, projection, projective identifi-
cation, splitting, denial, rationalisation, reac-
tive formation and conversion and compulsive
symptoms.

Recognising social context, family relation-
ships and understanding the underlying psy-
chiatric conditions which may be associated
with risky behaviour in adolescents are essen-
tial for treatment planning.
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Abstract

The reconstructive surgeon faces a problem when dealing with larger soft tis-
sue lesions over the knee and the proximal two thirds of the tibia, two crucial
sites of the lower limb. Large free flaps or pedicled local flaps are two solutions
of the problem. The soleus or gastrocnemius flaps by itself are insufficient.
Without using free flaps, combined gastrocnemius-soleus flaps can be em-
ployed effectively. Indicators for this kind of flap are still quite uncommon in
children. In two clinical cases, authors will share their expertise and talk about
the use of this kind of flap in the treatment of soft tissue abnormalities in chil-
dren. Two cases were outlined: the use and outcome of the combination pedi-
cled gastrocnemius-hemisoleus double muscle flap to repair significant defects

around the knee and leg in children.
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Introduction

Local pedicled muscle flaps are frequently used
to resurface soft tissue lesions that expose cru-
cial structures at the knee and the upper two-
thirds of the leg. Typically, the soleus muscle flap
is utilised for the middle third of the leg and the
gastrocnemius muscle flap is used for the knee
and upper third of the leg.'® For bigger critical
wounds, a single pedicled muscle flap is insuffi-
cient. This is typically true for continuous wound
abnormalities that span the middle portion of the
leg and the knee. A broad free flap is one option
for covering, but it has inherent hazards. The use
of a combined pedicled gastrocnemius and hemi-
soleus flap, initially published in 2004 by Hyodo
etalis alocal flap treatment for this issue.* Based
on the inter-muscular perforators between them,
this flap uses either the medial or lateral head

of the gastrocnemius and a hemisoleus to cre-
ate a continuous double muscle flap. In a further
development of this method, Pu et al® covered
mid-tibial wounds by combining the gastrocne-
mius and soleus. The intra-muscle perforators
were retained in the aforementioned two meth-
ods, which limited the flap’s range of motion. The
combination pedicled gastrocnemius and hemi-
soleus double muscle flap was used in presented
case series to address significant leg deformities
that would typically be covered with free flaps.
Paediatric plastic surgery procedures are actual-
ly as conservative as they can be given the unique
characteristics of children, including their great-
er capacity for wound healing and skin laxity.
Authors’ experiences are presented through two
clinical instances.

Copyright © 2023 Kalluraya 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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Case History 1

Consent was obtained or waived by all
participants in this study. Karnataka Institute
of Medical Sciences Ethics Committee issued
approval No 22/2022-23. The study was approved
by the institutional Ethics Committee.

As a result of a crush injury to the upper and
middle third of her right leg and a compound
open fracture (Gustillo class type 3B) of the tibia
and proximal dislocation of the fibula, an 8-year-
old girl who had been in a severe car accident
presented with a soft tissue defect. Reduction
and stability of fractures was achieved through
external fixation. No vascular lesions were seen.
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The wounded skin soon developed necrosis.
The anterior side of the tibia had soft tissue
necrosectomy, leaving a 20-cm-diameter skin
defect with the fracture site clearly visible. The
vacuum assisted closure (VAC) treatment was
used. It was recommended to utilise a medial
gastrocnemius-soleus flap in the absence of
adequate bone protection. This method was the
same as that employed with adults (Figures 1A-
1D). The cosmetic results following surgery were
great. Notwithstanding, the child required a
bone transplant and osteosynthesis since bone
consolidation could not be accomplished.

J

Figure 1: The vacuum assisted closure (VAC) treatment with gastrocnemius-soleus flap in the absence of adequate bone: A) At the
operation; B) One week later, C) Two weeks later; D) Three weeks post-operation.

Case History 2

A 12-year-old child who was injured in a serious
car accident was diagnosed with a soft tissue
abnormality as a result of a crush damage to the
middle third of his tibial diaphysis. On the anterior
side of the proximal section of the leg, a soft tissue
skin defect (11 cm in diameter) persisted after
the implantation of osteosynthesis material. The

adoption of the medial gastrocnemius soleus
muscle flap was recommended since rapid wound
healing was required. The patient's cosmetic
results were good a year after the procedure. The
patient was pleased with the cosmetic results at
both the donor and recipient locations (Figures 2
and 3).
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Figure 2: A crush damage to the middle third of
tibial diaphysis in a 12-year-old patient

Surgical technique

Under the observation of a tourniquet and with
the patient lying supine, the flap dissection
was carried out. The soleus and gastrocnemius
muscles' joint tendon was found at the length that
was required for distal extension of the incision,
which was then prolonged distally towards the
tendon Achilles in the posterior midline. First,
the area's potential harvestable muscles were
located. The soleus and gastrocnemius muscles
were distinguished and elevated as distinct
muscle flaps (Figure 1B). Before the hemisoleus,
the more superficial gastrocnemius head was
elevated. When the medial gastrocnemius was
harvested, the lateral gastrocnemius muscle was
separated from it along the midline raphe and
the medial gastrocnemius was dissected free in a

.
Figure 3: One year after the adoption of the medial
gastrocnemius soleus muscle flap due to a crush
damage to the middle third of tibial diaphysis in a
12-year-old patient

distal to proximal way while retaining the pedicle
arising from the sural artery. The gastrocnemius
and soleus intermuscular perforators were
sacrificed. It was possible to track and split the
muscles' distal tendinous insertion at the tendon
Achilles. The medial hemisoleus was then freed by
performing a similar distal to proximal dissection
beginning at the tendon Achilles insertion. The
flap, which was raised based on the proximal
pedicle from the posterior tibial artery, was made
from the muscular component of the hemisoleus.
Depending on the size of the mid-tibial wounds,
the medial hemisoleus was divided longitudinally
from the medial hemisoleus for wound covering.
This extension was utilised on large wounds that
were beyond the reach of one gastrocnemius
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and soleus muscle. After elevating both muscles,
the proximal section of the tibial incision was
resurfaced with a medial gastrocnemius flap,
and the distal portion was covered with a
hemisoleus muscle (Figure 1C). In presented
research, authors discovered that raising the
gastrocnemius and hemisoleus independently
might increase the reach of the double muscle
flap. Unfortunately, this treatment could only be
carried out in uninjured the gastrocnemius and
soleus muscles.

Discussion

The combined gastrocnemius or soleus muscle
flap offers various benefits, including the removal
of the requirement for microsurgery, which
makes the procedure easier and quicker while
still delivering the same level of soft-tissue
coverage and aesthetic outcome for a large tibial
lesion. Also, it is more economical. Van Halen,®
employed the gastrocnemius and soleus elevated
individually with their origins and blood supply
intact, allowing each to be mobilised separately,
in the resurfacing of massive tibial deformities
following removal of tibial sarcomas. Compared
to the techniques previously reported by the
other authors, these improved the flexibility and
range of motion of each muscle and permitted the
resurfacing of a greater region. The knee and upper
part of the leg had been resurfaced by Hyodo and
Pu using their bi-muscle flaps.*® When necessary,
the lateral hemigastrocnemius and hemisoleus
are included, expanding its usefulness to resurface
abnormalities up to 30 cm? This includes the
knee, upper and middle thirds of the leg. Wound
care in children is more challenging due to rapid
wound healing and probable skin retractions.
The use of one-step wound closure procedures is
facilitated by skin laxity. Despite everything said
above, medial gastrocnemius muscle flaps can be
used to repair soft tissue defects in children’s legs
when there is an open fracture or bone exposure.
In order to reduce the dangers of infections and
non-unions in the case of fractures, this option
should really be used as soon as possible. The use
of this flap for repair following tumour removal
has been documented in adults.’

Kalluraya et al. Scr Med 2023 Jun;54(2):207-11. [ |

Conclusion

(This method can promote speed and proper
defect repair in surgical regions that need to
recover quickly. Gustilo class type 3B open
fractures were the main indications for the
flap. In two cases, the medial gastrocnemius
and medial hemisoleus combined flaps were
utilised to cover the incision. A split-thickness
skin graft was used to cover the muscle flaps
principally. The average amount of time be-
tween surgery and final flap surgery for the
two patients with open tibia fractures was
seven days. The patients had no major donor
morbidity. After being discharged from the
hospital, no patient needed additional surgery
for the flap. This flap is important for paedi-
atric plastic surgery and should be detected
and employed right once in certain situations,
such as traumatic soft tissue defects (open
fractures).
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CASE REPORT

Emerging Non-Pharmacological Refractory Intervention
for Pain Relief in Fibromyalgia: A Case Report
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Abstract

Fibromyalgia (FM) is a common disorder characterised by widespread musculo-
skeletal pain often associated with fatigue, sleep, memory and mood disturbanc-
es. Females are more likely to suffer from FM and experience a reduced quality
of life. This is a case report of a 21-year-old female patient diagnosed with FM
whose pain was managed by a non-pharmacological method, weightlifting exer-
cises. The patient suffered from chronic generalised muscular pain, muscle stiff-
ness, fatigue, depression and anxiety. She was started on a tight progressive
weight-lifting program to increase muscle mass. The program led to a resolution
of symptoms after 3 months of gradual improvement, in addition to stopping
taking analgesics for the pain. Notably, a relapse occurred after halting the exer-
cise program suggesting that the weight-lifting regime was correlated to reduc-
ing symptom severity and better quality of life. Exercises involving weight-lift-
ing could potentially provide an affordable treatment option for patients with

FM.
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Introduction

Fibromyalgia (FM) is a disorder characterised by
widespread musculoskeletal pain often accom-
panied by fatigue, sleep, memory and mood dis-
turbances. It is a very common cause of chronic
musculoskeletal pain and its prevalence in the
United States is estimated to be around 2-8 %.!
Its incidence is five times greater in women than
men.?FM is a challenging disease to diagnose due
to the non-specific nature of symptoms which
are associated with the predominant symptom of
chronic pain. Despite it being non-life threatening
and non-progressive, chronic pain due to FM has
a significant impact on patients’ quality of life.l:3

The aetiology of FM is unknown but it is theorised
that a disruption of neuroendocrine transmitters
is at play.2 Somatic and psychological symptoms

may range from mild to severe and include sud-
den generalised musculoskeletal pain, muscle
stiffness, especially in the morning, fatigue, gas-
trointestinal (GI) upset and mood and sleep dis-
orders.?3There is no gold standard for treatment.
Treatment options include symptomatic relief
and pharmacological interventions. Specifical-
ly, several meta-analyses and clinical trials have
concluded that pharmacological intervention
(such as the three FDA-approved medications:
Duloxetine, Milnacipran and Pregabalin) allevi-
ates FM pain.* However, it is a complex condition
that necessitates multiple treatment modalities
and no single therapy outperforms the others in
terms of efficacy.

Weight lifting exercises involves lifting weights

Copyright © 2023 Al-Zoubi 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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Med 2023 Jun;54(2):213-6.



214

or exercising with body weight to provide resis-
tance to movement and result in building mus-
cles. When considering weight lifting exercises in
treating FM, results found that it significantly im-
proved overall well-being and wellness.> In addi-
tion, having fatigue as a major symptom in women
with FM, exercise dramatically decreased feeling
of fatigue in many patients.® So, when comparing
to no exercise, weight lifting exercises succussed
in reducing pain, tenderness and depression.’

The primary goal of this case study is to provide
insights and substantiate the evidence on how
patients with FM can manage their pain through
strength training, which includes resistance ex-
ercises and weight lifting.

Case History

A 21-year-old female patient of Arab ethnicity, a
student, presented to the Internal Medicine Out-
patient Clinic at Princess Basma Teaching Hospi-
tal due to generalised muscular pain that lasted
for several months’ and was increasing progres-
sively in an unpredictable pattern. Patient re-
ported that her pain was aggravated by walking
or standing for prolonged periods of time and had
no clear alleviating factors. The patient reported
muscle stiffness and foot pain that required more
than 30 minutes to resolve spontaneously. Stiff-
ness and pain were suspected to be caused by the
patient’s abnormal posture, as a result, suspicion
of anterior pelvis tilt or lordosis was high. Then,
anterior pelvis tilt and lordosis were ruled out
by imaging studies and after exclusion of other
secondary causes, pelvic muscle weakness found
to be the culprit. In addition to the constant fa-
tigue that was not relieved by rest, patient also
reported anxiety and depression as major com-
plaints which yielded her to a psychologist. The
symptoms negatively impacted the patient’s
quality of life and social and academic perfor-
mance. Patient’s medications included Amitripty-
line (Tryptizol) - tricyclic antidepressant, 10 mg
twice daily and Paracetamol with Orphenadrine
citrate (Muscerol extra) 2 pills twice daily. Patient
otherwise had no previous significant medical or
surgical history. Family history was unremark-
able. Patient’s body mass index (BMI) was 18.7.
Thyroid stimulating hormone level was with-
in normal range 2.49 ulu/mL and liver function
tests were normal. Rheumatological panel was
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negative. After ruling out any secondary cause,
FM was considered and exercise treatment was
directly initiated.

Treatment protocol and results

The patient’s exercise program was based on a
progressive overload on muscles to induce hyper-
trophy. This was accomplished through gradual
increases (minimum 2.5 kg - 3.5 kg) in weights
lifted or increases in repetitions (reps) and sets.
Reps were the actions of one complete exercise
and sets were the number of reps performed in a
row between rest periods. The first month’s pro-
gram consisted of a full-body routine of six exer-
cises: push ups, squats, chin ups, military press,
burpees and lunges, performed five days per
week. Each exercise was performed in three sets
of 20-25 reps with 20-25 seconds rest between
each rep. For the second month, the patient in-
creased the intensity of her routine by increasing
the weights used in her exercises and complet-
ed three sets of 15-20 reps with 30-35 seconds
of rest between reps. She continued to do a full
body workout routine involving six exercises
for five days per week. The subsequent months,
the intensity was increased by either increasing
weights or the number of sets and reps.

A specialised nutritionist prescribed a strict diet
of 1900 calories to meet her basal metabolic rate
to maintain BMI within normal range according
to age and height thus maximise muscular hyper-
trophy. An improvement in her BMI (Table 1) and
strength was notices as well as a decrease in her
symptoms. The alleviation of symptoms highly
motivated patient adherence for 8 months on the
program. Patient noticed a reduction in muscle
stiffness, leg pain, fatigue, depression and anxi-
ety from the first week and by the end of the first
month her symptoms completely resolved. Her
medications were slowly tapered after the first
month and by the third month she was no lon-
ger taking any medications and still reported no
symptoms. Due to personal circumstances, the
patient could not train for one week and soon be-
gan to experience muscle pain and stiffness. She
then restarted her program and three months
later reported major improvements, she regained
her energy and vigour which had been absent
for several years. Patient continued to be most-
ly adherent to her exercise program. In the rare
occasion when she missed training, she noted
relapses of symptoms. She became self-sufficient
in her training program and learned how to keep
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Table 1: Improvement in the patient’s body and muscle mass,
body fat, BMI and BMR after treatment

Comparison between the parameters before
and after the exercise program

Before initiating the exercise program After
Scales (At the time of diagnosis) 6 months
Body mass 49.6 kg 56 kg
Muscle mass 63.1 % 67.5%
Body fat 22.8% 26.5 %
BMI 18 21
BMR 1176 1241

BMI: Body mass index, BMR: Basal metabolic rate

her muscles in a progressive overload to induce
muscle growth. She reported that her quality of
life dramatically improved and no limitations in
her social and academic performance.

Discussion

Pain is the primary symptom of FM and it is the-
orised that FM is neurogenic in origin because it
is associated with a central amplification of pain
perception.* However, the exact aetiology remains
unknown. A disruption of neuroendocrine trans-
mitters, such as serotonin, growth hormone and
cortisol, appears to be implicated.? There is no
gold standard for treatment of FM but it remains
challenging and both pharmacological and non-
pharmacological options should be considered.*
Three FDA-approved medications, duloxetine,
milnacipran and pregabalin, have been found to
be effective in reducing FM pain by several me-
ta-analyses and clinical trials.* The majority of
patients take medications from a variety of class-
es which leads to significant financial burden for
the patient. Medical consultation and medication
costs are estimated to cost 951 USD over a three-
month period.® The exercise program followed by
this patient presents a more affordable, yet still
effective treatment option. The costs involved
only include a gym membership or weightlifting
equipment.

[t may seem counter-intuitive to purposely stress
muscle in patients who have muscle pain. How-
ever, a growing body of evidence challenges the
assumption that resistance (strength) training
worsens muscle pain in people with FM. In fact,
the latest evidence indicates that when resistance
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training is tailored to individual needs, people
with FM can obtain worthwhile improvements
in FM severity. Several studies empirically sug-
gested that strength training can significantly
improve the quality of life for people with FM.5>710

The therapeutic protocol is based on ensuring
muscular hypertrophy by weightlifting exercises
tailored to patient’s needs and abilities. The core
of this approach is the abnormal baseline of neu-
roendocrine hormones which can be improved
with consistent exercises.? A strict diet is also
necessary to guarantee maximum muscular hy-
pertrophy. The recurrence of the patient’s symp-
toms with program interruption emphasises the
link between exercise and FM pain management
and shows that the program may induce remis-
sion but it does not result in a permanent cure.

Conclusion

( \
This report shows a significant improvement

in FM symptoms: complete remission of mus-
cle pain, stiffness, fatigue, depression and
anxiety. Furthermore, the report introduces a
new method of treating functional limitations
experienced by patients for minimal cost,
namely a gym membership or weight lifting
equipment at home. The weight-lifting pro-
gram was extremely effective in reducing the
patient’s symptoms, therefore pharmacologi-
cal interventions were not needed. However, a
pilot study is needed to test this approach on
a larger number of patients with FM to evalu-
ate its potential for inclusion in management

guidelines.
& J
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Case history

Quadricuspid aortic valve (QAV) is a rare and
purely understood congenital malformation
with an estimated incidence of 0.013 % - 0.043
%. Here are presented images of an incompetent
QAV found during coronary artery bypass graft-
ing (CABG).

A 68 year old male was transferred from outside
hospital with a sign of left heart failure. After ad-
mission, urgent coronarography was performed
and significant stenosis (= 75 %) was found on
the proximal left anterior descending artery
(LAD), ramus intermedius (RIM) and circumflex
artery (RCx). Transoesophageal echocardiogra-
phy revealed severe aortic regurgitation due to
incompetent QAV, with hypokinetic anterior wall
of the left ventricle.
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After heart exposure, using cardiopulmonary
bypass, cardiac arrest was induced as well as
standard myocardial protection. A transversal
aortothomy revealed enlarged annulus and four
equal-sized aortic cusps (Type A)' with central
gap and consequent severe malcoaptation of the
QAV (Figure 1 and 2). The aortic valve was re-
placed with a #21 pericardial tissue prosthesis
and myocardial revascularisation was success-
fully achieved with triple bypass using skele-
tonised left internal mammary artery to LAD and
saphenous venous grafts to RIM and RCx. Patient
had an uneventful postop course and was asymp-
tomatic a year after surgery.
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Figure 1: Intraoperative gross view of the quadricuspid aortic
valve

Figure 2: Gross view of the specimen of the quadricuspid aortic
valve
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the article should be stated in brief (the reasons for the
study or observation), only significant data from the lit-
erature, but not extensive, detailed consideration of the
subject, nor data or conclusions from the work being
reported.
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Methods. Selection of study or experimental subjects
(patients or experimental animals, including controls)
should be clearly described. Methods, apparatus (man-
ufacturer's name and address in parentheses) and pro-
cedures should be identified in sufficient detail to al-
low other workers to reproduce the results. References
should be cited for established methods, including the
statistical ones. Identify precisely all drugs and chem-
icals used, with generic name(s), dose(s), and route(s)
of administration. Statements on the study approval
by the Ethics Committee for human or animal studies
should be included.

Results should be presented in logical sequence in the
text, tables and illustrations. Emphasise or summarise
only important observations.

Discussion is aimed to emphasise new and significant
aspects of the study and conclusions that result from
them. Relate the observations to other relevant studies.

Conclusion should be linked with the goals of the
study, but avoid unqualified statements and conclu-
sions not completely supported by your data.

Tables

Each table should be typed single-spaced on a separate
sheet, numbered in the order of their first citation in
the text in the upper right corner and supplied with a
brief title each. Explanatory notes are printed under
a table. Each table should be mentioned in the text. If
data from another source are used, acknowledge them
fully. Each table should be named in order to indicate
the author's name the number of the table, (eg John-
son_Table 1). The place of the table in the text should
be marked as in the following example: “(Table 1 near
here)”.

Illustrations

Any forms of graphic enclosures are considered to be
figures and should be submitted as additional databas-
es in the System of Aseestant. Letters, numbers, and
symbols should be clear and uniform, of sufficient size
that when reduced for publication, each item will still
be legible. Each figure should be named in order to in-
dicate the author's name and the number of the figure
(eg Johnson_Figure 1). If a figure has been published,
state the original source.

Captions for illustrations are typed on a separate page,
with Arabic numbers corresponding to the illustra-
tions. If used to identify parts of the illustrations, the
symbols, arrows, numbers, or letters should be iden-
tified and explained clearly in the legend. The method
of staining and magnification in photomicrographs
should be explained. Captions should be detailed
enough to allow for understanding of the content of
the figure without previous reading of the text. The
place of the figure in the text should be marked as in
the following example: “(Figure 1 near here)”.

Abbreviations and acronyms

Authors are encouraged to use abbreviations and ac-
ronyms in the manuscript in the following manner:
abbreviations and acronyms must be defined the first
time they are used in the text and thereafter must be
consistently used throughout the whole manuscript,
abbreviations should be used only for terms that ap-
pear more than three times in text; abbreviations
should be sparingly used. Use of abbreviations in the
titles should be avoided. Even if used after its defini-
tion in the abstract, the same definition and repetition
of the abbreviation should be performed the first time
it is used in the text. In order to assure self-explan-
atory nature of the tables and figures, abbreviations
and acronyms should be defined in the captions and
then introduced, irrespective of whether it was done
earlier in the text.

4. References

References should be superscripted and numerated
consecutively in the order of their first mentioning
within the text. All the authors should be listed, but
if there are more than 6 authors, the first 6 should
be quoted, followed by comma and "et al". Abstracts,
secondary publications, oral communications, unpub-
lished papers, official and classified documents should
not be used. References to papers accepted but not yet
published should be cited as "in press“. Data from the
Internet are cited with the date of citation. Articles
from the e-journals should always contain DOI code.
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