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DYNAMICS OF FREQUENCY AND PECULIARITIES OF THE STRUCTURE
OF CONGENITAL MALFORMATIONS IN SOUTH UKRAINE
(MONITORING STUDY)

0. Lanovenko
KHERSON STATE UNIVERSITY, KHERSON, UKRAINE

Background. In Ukraine, the unfavorable demographic situation makes monitoring of the birth rate of
children with congenital malformations urgent issue to identify regional features of epidemiology and develop
methods for prenatal diagnosis and prognosis.

Objective. Objective of this study is to characterize the frequency dynamics, to identify structural features
of congenital malformations of newborns in Kherson region over a 20-year period (2000-2019) and to compare
the prevalence of various nosological forms of malformations in the region, in Ukraine and in European countries.

Methods. Research methods: epidemiological, medical-statistical.

Results. In Kherson region, the average frequency of congenital malformations over the past 20 years is:
for newborns - 31.57+1.25%o; for live births - 31.38+1.11%q;, for stillborns - 197.7+0.65 per 10,000. In the structure
of defects, cardiovascular malformations are leading (31.77%), musculoskeletal malformations (25.149%), genital
malformations (17.5%). Increased prevalence of developmental anomalies in the region is mainly associated with
an increase in the frequency of model malformations recorded by EUROCAT (r=0.69, p<0.05). The increase in the
total frequency of congenital malformations is caused by increased number of births of children with cardiovascular
defects (by 4.67%o), genital defects (by 1.21%o), other congenital malformations (by 1.55%o), multiple malformations
(by 0.37%o).

Conclusion. Monitoring results showed an increase in congenital malformations incidence in Kherson region
over a 20-year period by 7.94%o possibly caused by population decline due to negative natural and mechanical
growth. The prevalence of hereditary defects is at the same level. The frequency of some nosological forms
significantly exceeds in the region compare to that in Ukraine and Europe: cardiovascular defects - in 1.5 times,

genital malformations - in nearly 3 times, musculoskeletal defects - almost twice.
KEYWORDS: congenital malformations; chromosomal pathology; population; newborns.

Introduction

An unfavorable demographic situation in
Ukraine (decrease in birth rate, high mortality
and disability, negative natural population
growth) necessitates monitoring of the genetic
load of human populations, which averages
50-70 per 1000 newborns (5-7%): congenital
malformations account for 2-5%, hereditary
diseases - 1.5% (chromosomal - 0.5%, genetic -
1%), diseases with a significant hereditary
predisposition - 3-3.5% [1]. Monitoring the birth
rate of children with congenital malformations
is necessary for identifying the epidemiology
of its various nosological forms and for deve-
lopment of methods for prenatal diagnosis and
prognosis [2]. According to current concepts,
congenital malformations are defects in mor-
phogenesis in the early period of fetal life of
genetic and/or epigenetic etiology [3].

*Corresponding author: Olena Lanovenko - Assistant Profes-
sor, Kherson State University, 73 000, Ukraine.
E-mail: lanovenko2708@gmail.com

The spectrum of mutations in genes that
control the form-developing processes in
embryogenesis may be ethno specific. There-
fore, during monitoring of the prevalence and
structure of malformations, the influence of
ethnic factors should be taken into account, as
well as not only epidemiological, but also
genetic and demographic aspects [4,5].

Thus, the aim of the study was to define the
dynamics of frequency, to identify the structural
features of congenital malformations of new-
borns in Kherson region over a 20-year period
(2000-2019) and to compare the prevalence of
various nosological forms of congenital mal-
formations in the region, Ukraine and European
countries.

Methods

The study was conducted in Kherson region,
covering all 18 territorial-administrative re-
gions. For the analysis, the 20-year observation
period (2000-2019) was divided into five-year
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periods (2000-2004, 2005-2009, 2010-2014,
2015-2019).

The objects of the study were newborns
(live and stillborn) with isolated and multiple
congenital malformations, which were born to
residents of Kherson region during the study
period. The obtained material was analyzed
using the registration of all forms of malfor-
mations included in the list of ICD-10 of section
Q in order to assess their frequency and
structure.

When conducting a comparative analysis of
the incidence of malformations in populations,
it is necessary to take into account standard
markers - those forms of them that are often
encountered and are unambiguously diagnosed
by doctors of all specialties in one age cohort.
Such forms have a well-defined phenotype and
are well diagnosed at birth. These are: multiple
congenital malformations and compulsory
model defects (Q00-Q99). Long-term monitoring
of populations for such markers makes it
possible to assess the prevalence and dynamics
of malformations and conduct their comparative
analysis in populations, which is one of the tasks
of the European international register EUROCAT
(European surveillance of congenital ano-
malies).

Since the number of abortions is not large
enough to have a significant impact on the
prevalence of defects, calculations for this
indicator were carried out in a cohort of new-
born children. Most cases of malformations
among all pregnancies occur in children born
alive; therefore, it is the assessment of the
dynamics of their prevalence in this cohort, and
not all births, that is the most acceptable form
of analysis of epidemiological data [6].

The prevalence of malformations was cal-
culated as the ratio of the number of newborns
with congenital malformations to the total
number of newborns multiplied by 1000 (%o).
Similar calculations were carried out in cohorts
of live and stillborn children. The data for a
comparative analysis of the frequencies of
congenital malformations were taken from the
open official website of the European register
of the international organization EUROCAT
[http://www.eurocat-network.eu].

The theoretical indicator of the number of
hereditary congenital malformations was
calculated as the sum of cases of chromosomal
pathology of living children and half of the
remaining part of congenital malformations
(without chromosomal diseases), since it is
established that about half of cases of congenital

malformations (regardless of clinical mani-
festation) are caused by genetic factors [7].

Statistical processing of the research results
was carried out using MS Excel: determining of
the average value, error of the average value,
growth rate. Using the Statistica 6.0 software
package, the statistical connection of features
was determined by the Spearman rank corre-
lation method.

Results

In total, in 2000-2019, 222,191 newborn
babies were born in Kherson region; 220,067 of
them were live-born and 2,124 still-born.
Congenital malformations were found in 7015
newborns, including 6973 live births and 42
stillborns. The obtained data allowed estimating
the population frequency of congenital malfor-
mations in children of Kherson region, which
is: for newborns - 31.57+1.25%s; for live births -
31.38+1.11%o; for stillbirths - 197.7+£0.65 per
10,000. Based on the data of the Regional De-
partment of Statistics in Kherson region, the
average annual number of live births in the
region for the last 20 years has been calculated,
which is 11,003 children (with an average
statistical deviation of up to 5%).

Theoretical calculations of the prevalence
of congenital malformations in the region show
that approximately 556 newborns (5%) may be
born with signs of congenital pathology. Since
the contribution of the genetic component to
the structure of malformations is on average
about 50% (the other half is a consequence of
teratogenesis) [8], thus for Kherson region the
hereditary component of malformations is
expected at the level of 278 people per year
(2.5% of the number of newborns). Actual
calculations of the prevalence of congenital
malformations are presented in Table 1.

According to Table 1, with the decrease in
the birth rate in the region, the prevalence of
congenital malformations is rising (from 20.6%o
in 2004 to 37.6%o in 2017) and on average over
a 20-year period was 31.4%o.. Among all con-
genital malformations, the actual number of
cases of hereditary forms (181 people per year)
turned out to be lower than the theoretically
calculated indicator (278 people per year); it did
not undergo significant changes in recentyears
and averaged within 52% of all anomalies; this
testifies the stable level of mutation process in
the region. But in a long-time tendency, the
share of hereditary forms is gradually in-
creasing: in 2000 it was 1.29%, in 2019 it was
1.62%. There is a gradual increase in the

(=p]
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frequency of multiple malformations: from 0.29
to 0.66%o.

Since the incidence of neonatal malforma-
tions and spontaneous miscarriages correlates
with their prevalence among live births, we
analyzed the dynamics of nosological forms of
congenital anomalies in the last cohort
(Table 2).

According to Table 2 in the structure of
congenital malformations malformations of the
cardiovascular system are leading (31.77% of
all cases, an average annual increase of 9.1%),
the frequency of which is constantly increasing
from 5.1 to 9.93%o on average over the past 20
years. Congenital malformations of the mus-
culoskeletal system (25.14% of all cases, the
prevalence slightly decreases from 7.93t0 6.13
and averages 7.35) are the second. Stably high
frequency of malformations of the genital
organs (on average 5.23%o; in the structure -
17.5% of the total number of cases).

Thereis agradual increase in the frequency
of multiple malformations - from 0.29 to 0.66%s,
and aslightincrease in their share in the overall
structure of anomalies (by 0.8%). The prevalence
of chromosomal abnormalities (1.0-1.17%o) is
characterized by relative stability, which con-
firms the previous assumption about the con-
stancy of the level of the mutation process in
the region.

The greatest lethality is caused by defects
of the central nervous system (Q00-Q07), in
particular anencephaly, multiple congenital
malformations (Q89.7) and chromosomal
abnormalities (Q90-Q99).

Then a comparative analysis of the preva-
lence of congenital malformations in Kherson
region was carried out regarding Ukraine and
European countries (according to the inter-
national register EUROCAT) (Table 3). It has
been noted that there is a significant increase
in the frequency of malformations of the car-

Table 1. Dynamics of congenital malformations prevalence (Kherson region, 2000-2019)

Congenital malformations
Genetically determined congenital malformations:
Number cases of chromosomal pathology total part, %

Years | oflive Total | Freauen- of them: geneti- from
births cy, %o | Q90- cally | congenital fFom
Q99 | Ds Ps Es Ts dgter- malforma- bilr\‘ltﬁs

mined tions
2000 | 10184 | 255 25.0 8 8 - - - 131.5 51.6 1.29
2001 9 757 243 24.9 9 9 - - - 126.0 51.9 1.29
2002 9972 280 28.1 11 8 - 1 - 145.5 52.0 1.46
2003 | 10502 216 20.9 15 14 - - - 115.5 53.5 1.10
2004 10 363 201 20.6 8 5 - - - 104.5 52.0 1.00
2005 10 150 307 30.2 11 7 1 - 1 159.0 51.8 1.57
2006 | 11475 397 34.6 13 13 - - - 205.0 51.6 1.83
2007 | 11570 444 38.4 21 18 3 - - 232.5 52.4 1.79
2008 | 12473 556 44.6 18 16 1 - 1 287.0 51.6 2.30
2009 | 12323 384 31.2 21 18 1 1 - 202.5 52.7 1.64
2010 | 12388 | 391 31.6 18 13 - 1 - 204.5 52.3 1.65
2011 12 085 418 34.6 15 9 1 - - 216.5 51.8 1.79
2012 | 12643 | 428 33.8 16 14 - - - 222.0 51.9 1.76
2013 | 12300 | 388 31.5 15 15 - - - 201.5 51.9 1.64
2014 | 12308 433 35.2 11 10 - - - 222.0 51.3 1.80
2015 | 11372 352 31.0 17 13 - 2 - 184.5 52.4 1.62
2016 | 10769 | 350 32.5 11 9 - 2 - 180.5 51.6 1.68
2017 9964 375 37.6 4 3 - - - 189.5 50.5 1.90
2018 9095 293 32.2 13 12 - 1 - 153.0 52.2 1.68
2019 8374 262 31.3 9 9 - - - 135.5 51.7 1.62
M 11003.4 | 348.65| 31.4 13.2 | 11.2 | 04 | 04 | 0.1 180.9 51.9 1.62
m 281.48 | 20.15 1.28 1.02 | 0.9 - - - 10.36 0.13 0.065

Note: Ds - Down syndrome; Ps - Patau syndrome; Es - Edwards syndrome; Ts - Turner syndrome.
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Table 2. Dynamics of the frequency and structure of congenital
malformations of compulsory registration (Q00-Q99) among live births
in Kherson region

PUBLIC HEALTH AND EPIDEMIOLOGY

Monitoring periods (years) On
Form CM (patient’s . average Average
medical record-10) Units | 2000- 2005- 2010- | 2015- over Rank increase
2004 2009 2014 | 2019 | 4 years rate, %
Congenital malformations:
Nervous system abs. 7.8 10,6 7.8 7.2 8.35 8 +0.55
(Q00-Q07) %o 0.77 0,93 0,64 0.73 0.76 +0.05
% 3.40 2,62 2.01 2.34 2.59 -0.81
Ear. face and neck abs. 1.8 5.0 5.6 4.4 4.2 11 +2.4
(Q10-Q18) %o 0.18 0.44 0.46 0.44 0.38 +0.2
% 0.78 1.24 1.44 1.43 1.22 +0.44
Congenital heart abs. 52.0 130.0 150.6 | 102.8 108.9 1 +56.9
defects (Q20-Q28) %o 5.10 11.35 12.27 |10.37 9.93 +4.67
% 22.67 32.13 38.83 | 33.46 31.77 +9.1
Respiratory (Q30- abs. 4.0 5.2 5.4 3.0 4.4 10 +0.4
Q34) %o 0.39 0.45 0.44 0.30 0.40 +0.01
% 1.74 1.29 1.39 0.98 1.35 -0.39
Cleft lip with or abs. 10.0 11.8 10.2 9.2 10.3 7 +0.3
without palate %o 0.98 1.03 0.83 0.93 0.94 -0.04
(Q35-Q37) % 4.36 2.92 2.63 3.0 3.23 -1.13
Other congenital abs. 10.0 19.0 124 10.0 12.85 6 +2.85
malformations of the %o 0.98 1.66 1.01 1.0 1.17 +0.18
digestive system % 4.36 4.70 3.20 3.26 3.88 -0.48
(Q38-Q45)
Genital (Q50-Q56) abs. 41.0 61.4 64.6 62.2 57.3 3 +16.3
%o 4.02 5.36 5.26 6.27 5.23 +1.21
% 17.87 15.18 16.66 | 20.25 17.50 -0.37
Limb (Q65-Q79) abs. 80.8 99.6 81.2 60.8 80.6 2 -0.2
%o 7.93 8.70 6.62 6.13 7.35 -0.58
% 35.22 24.62 20.94 | 19.79 25.14 -10.08
Other congenital abs. 8.8 34.8 33.8 29.4 26.7 4 +17.9
malformations %o 0.86 3.04 2.75 2.97 2.41 +1.55
(Q80-Q89) % 3.84 8.60 8.72 9.57 7.68 +3.84
Multiple malforma- abs. 3.0 10.6 8.2 7.4 7.3 9 +4.3
tions %o 0.29 0.93 0.67 0.75 0.66 +0.37
(Q89.7) % 1.31 2.62 2.11 2.41 2.11 +0.80
Chromosomal abs. 10.2 16.6 14.0 10.8 12.9 5 +2.7
abnormalities %o 1.0 1.43 1.18 1.08 1.17 +0.17
(Q90-Q99) % 4.45 4.10 3.61 3.52 3.92 -0.53
of which Down abs. 8.8 14.4 12.2 9.2 11.15 - +2.35
syndrome (Q90) %o 0.90 1.26 0.99 0.93 1.02 +0.12
% 90.2 86.7 72.7 85.2 83.7 -6.5
from
chrom.
on average per year abs. 229.4 404.6 393.8 |307.2 333.8 - +104.4
(Q00-Q99) %o 22.51 35.33 31.60 | 31.0 30.11 +7.6
% 100.0 100.0 100.0 | 100.0 100.0
Other congenital abs. 9.0 17.2 25.8 23.6 18.9 4 +9.9
malformations %o 0.88 1.50 2.10 2.38 1.72 +0.84
% 3.67 4.08 6.24 7.13 5.28 +1.61
In total all congeni- | abs. 238.4 421.8 419.6 | 330.8 352.7 - +114.3
tal malformations %o 24.06 36.83 33.70 |33.36 32.0 +7.94

Note: abs. - the number of cases of birth of a child with congenital malformation of this nosology over 5 years (monitoring

period) on average

oo
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Table 3. Dynamics of the frequency of various nosological forms of congenital malformations
among live births [https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en]

Nosological form | _Kherson region. %o | Ukraine. %o | EUROCAT. %o
of congenital Years:
malformations | 2001-2005 | 2013-2017 | 2001-2005 2013-2017 2001-2005 2013-2017
nervous system 0.87 0.93 1.006 1.85 1.274 1.162
(0.657-1.475) | (1.615-2.111) | (1.232-1.317) | (1.126-1.199)
ear, face and neck 0.24 0.41 1.277 0.126 0.458 0. 157
(0.879-1.794) | (0.07-0.207) | (0.433-0.484) | (0.144-0.171)
congenital heart 5.86 10.48 7.20 7.878 7.473 6.96
defects (6.203-8.311) | (7.383-8.398) | (7.371-7.576) | (6.872-7.050)
respiratory 0.38 0.35 0.039 0.117 0.261 (0.243- 0.334
(0.00-0.219) | (0.064-0.197) 0.281) (0.315-0.354)
cleft lip with or 1.00 0.97 1.161 0.804 0.854 0.726
without palate (0.783-1.658) | (0.651-0.981) | (0.820-0.889) | (0.697-0.755)
digestive system 1.00 0.85 1.084 1.348 1.627 1.558
(0.720-1.566) | (1.148-1.573) | (1.579-1.675) | (1.516-1.601)
genital 3.81 6.12 0.735 2.369 2.090 2.108
(0.443-1.149) | (2.102-2.662) | (2.036-2.145) | (2.059-2.157)
limb 7.74 6.51 4103 4.638 4.781 3.691
(3.360-4.962) | (4.260-5.041) | (4.699-4.863) | (3.627-3.757)
including poly- 1.09 1.15 1.123 1.407 0.859 0.915
dactyly (0.752-1.612) | (1.202-1.636) | (0.825-0.894) | (0.883-0.948)
chromosomal 1.05 0.97 1.123 1.591 1.767 1.689
abnormalities (0.752-1.612) | (1.373-1.834) | (1.717-1.817) | (1.646-1.733)
teratogenic 0.50 0.85 0.426 0.553 0.105 0.109
syndromes with (0.212-0.762) | (0.427-0.703) | (0.093-0.118) | (0.098-0.12)
malformations
Total 24.75 314 17.109 22.061 22.740 20.520
(15.55-18.27) (21.227- (22.562- (20.368-
22.920) 22.920) 20.674)

diovascular system of children born alive (from
5.86%o in 2001-2005 to 10.48%o in 2013-2017)
among the populations of Kherson region.
Moreover, these indicators are significantly
higher than the prevalence of this nosological
form in Ukraine (7.2 and 7.88 respectively) and
in European countries (7.47 and 6.96%o res-
pectively). A similar trend is observed in the
dynamics of the frequency of congenital mal-
formations of the genital organs: an increase
in the average annual indicator in Kherson
region from 3.81 to 6.12%o (in Ukraine - from
0.74t0 2.37%0), although in European countries
this indicator has stabilized at the level of 2.09-
2.11%o.

Discussion

Among all developmental anomalies the
frequency of model forms and multiple defects
is a sign that largely reflects the intensity of the
mutation process in populations. Genetic
factors and the mutational component (of at
least 40%) largely contributes to the etiology of
multiple congenital malformations [9].

The prevalence of malformations in the
populations of Kherson region is inversely
correlated with the prevalence of spontaneous
abortions (r=-0.52+0.12; tr =2.4 > t05=2.12),
which indicates the “sifting” effect of natural
selection that eliminates nonviable genotypes
in the embryonic period of ontogenesis [10].

The increase in the prevalence of deve-
lopmental anomalies in the region is mainly
due to the increase in the frequency of model
malformations recorded by the EUROCAT
(r=0.69, p<0.05). Fetal malformations that can
affect the development of intrauterine and
infant mortality and lead to human disability
are called model congenital malformations or
strict accounting malformations. They are high-
lighted by the EUROCAT for greater objectivity
of research.

The prevalence of chromosomal abnor-
malities (1.0-1.17%o) is characterized by relative
stability, which confirms the previously stated
assumption about the constancy of the level of
the mutation process in the region. Among the
nosological forms of chromosomal defects the
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largest specific weight is of Down syndrome
(83.7%) and a frequency of 0.9-1.02%eo.

The frequency of malformations of the
musculoskeletal system in Kherson region is
6.51-7.74%o (in Ukraine and Europe 4.1-4.64%o
and 4.1-3.37%o, respectively). In addition, an
alarming trend was revealed of increased
prevalence of multiple congenital malformations
(from 0.5%0 to 0.85%0); their frequency
significantly exceeds these indicators not only
in Ukraine (0.43-0.55 %o) but also in European
countries (0.069-0.109 %so).

The cluster of nosological forms of defects
with a stable prevalence in Kherson region,
which does not exceed the corresponding
figure in Ukraine and European countries,
should include malformations of the nervous
system, congenital malformations of the face,
neck, ears, cleft, lip and palate, other malfor-
mations of the digestive system, polydactyly
(1.09%0 in 2001-2005 and 1.15%o in 2013-2017;
in Ukraine - 1.12 and 1.41%o; in European
countries - 0.86 and 0.92%qo, respectively), chro-
mosomal abnormalities (in Kherson region -
1.05%0 and 0.97%o; in Ukraine - 1.12 and 1.59%so;
in European countries - 1.77 and 1.69%o re-
spectively).

The prevalence of malformations of the
respiratory system in Kherson region (0.38%o
in 2001-2005 and 0.35 %o in 2013-2017, re-
spectively) significantly exceeds this level in
Ukraine for the same period (0.04%o and 0.12%so,
respectively) and is at the level of prevalence in
European countries (0.26%o and 0.33%o, re-
spectively).

Conclusion
The frequency of congenital malformations
in Kherson region over the past 20 years is: for

newborns - 31.57+£1.25%o; for live births -
31.38+1.11%o; for stillbirths - 197.7+£0.65 per
10.000. The increase in the prevalence of con-
genital malformations in the region is mainly
due to an increase in the frequency of model
malformations6 which are subject to mandatory
registration by the EUROCAT system (r=0.69,
p<0.05). In the structure of congenital malfor-
mations defects of the cardiovascular system
(31.77%), of the musculoskeletal system
(25.14%) and of genital organs (17.5%) are
leading. The frequency of malformations of the
cardiovascular system, genitals and muscu-
loskeletal system, multiple congenital mal-
formations in Kherson region significantly
exceeds the prevalence of these nosological
forms in Ukraine and European countries.
Among hereditarily determined forms the
frequency of chromosomal abnormalities (1.0-
1.17%o) is characterized by relative stability,
which confirms our hypothesis about the
constancy of the level of mutation process in
the region. Among the nosological forms of
chromosomal defects the largest share is for
Down syndrome (83.7%) with a frequency of
0.9-1.02. Reducing the burden of congenital
anomalies in the population is possible through
integration of research in epidemiology, genetic
demography and epigenetics.
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AAMHAMIKA YACTOTH TA OCOBJIMBOCTI CTPYKTYPU BPO/UKEHHX BA/L
PO3BHUTKY HA ITIBAHI YKPAIHU (MOHITOPHUHTOBE AOCIII)KEHHS)

0. JlaHOBEeHKO

XEPCOHCBHKWIA IEPXXABHWI YHIBEPCUTET. XEPCOH. YKPAIHA

Bcmyn. B YkpaiHi 8 ymoeax Hecnpusmaugoi demozpagiyHoi cumyayii akmyansHUM € MOHIMOpPUH2
HapodxysaHocmi dimeli 3 8p00HeHUMU 800aMU PO3BUMKY 0/151 BUSBAEHHSA PE2iOHANbHUX 0cobaugocmel
enidemionozii ma po3pobku Memooie npeHamaabHOI dia2HOCMUKU MA NPO2HO3Y8AHHS.

Mema. Mema docnidxceHHs - oxapakmepu3lysamu AUHAMIKy Yacmomu i eusisumu ocob6ueocmi cmpykmypu
8p00MHCEHUX 800 PO3BUMKY HOBOHAPOOAMEHUX dimell y XepCoHcbKili o6aacmi 3a 20-piuHuli nepiod (2000-2019 pp.),
nopieHAMU nowupeHicms pPi3HUX HO30/402iYHUX PopM 8a0 PO38UMKY 8 Pe2ioHi, 8 YKpaiHi i 8 KpaiHax €sponu.
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Memoodu. Memoou 00cnidxeHHS: enidemionoziyHuli, MeOUKO-cmamucmuyHuUU.

OmpumaHi pesynsmamu. Y XepcoHcukili 06aacmi cepedHsa nonyaayiliHa yacmoma 8poodxceHuUx 8aod
p038UMKY 30 0CMaHHI 20 pokie CMaHo8UMb. 0151 HOBOHAPOOHeHUX - 31,57+1,25%o; 0151 HAOPOOHEHUX HUBUMU ~
31,38+1,11%o; 0215 MepmeoHapodxeHux - 197,7+0,65 Ha 10 000. Y cmpykmypi nposioHe micye 3alimarome 8adu
po3eumky cepyego-cyouHHoi cucmemu (31,77%). onopHo-pyxogo20 anapamy (25,14%). cmamesux op2aHis
(17,5%). 36in6LWeHHs nowupeHocmi 8p0odx#eHUX 800 pO38UMKY 8 pe2ioHi 8 0CHOBHOMY N08'SA3AHO 3i 36i/1bWEHHAM
yacmomu mModenbHUX 8a0, wo peecmpyromscss EUROCAT (r=0.69. p<0.05). [lidsuujeHHs 3a2a16HOI Yacmomu
8podxceHuUx 8a0 8i06y8aEMbCA 30 PAXYHOK 36iNbWEHHS Ki/lbKOCMi HapoOxceHUx dimeli 3 eadamu cepyeso-
CyOUHHOI cucmemu (Ha 4,67 %), cmamesux op2aHie (Ha 1,21%o), iHwiux 800 po3gumky (Ha 1,55%o), MHOXCUHHUX
800 (Ha 0,37%o).

BucHoeKu. Pe3ysemamu MOHIMopuH2y cg8id4ame npo 3p0CMAHHSA NOWUPEHOCMi 8p0OXEHUX 800 PO38UMKY
8 XepcoHcukili obnacmi 3a 20-piyHuli nepiod Ha 7,94%o. Mpu4uHO MAK020 A8UWA MOXE bYmMu CKOPOYEHHS
YyucenbHOCMI HaceNeHHs Yepe3 HecamugHUU nNPupoOHUl i mexaHiYHUU npupicm. [MowupeHicms cnadkoso
06yMo8/1eHUX 800 3aAUWIAEMbLCS HO NOCMITHOMY pigHi. ¥ pe2ioHi Yacmoma deskux H030/102iYHUX $opM 8a0
3HAYHO nepesuwye yeli NOKA3HUK 8 YKpaiHi i KpaiHax €sponu: 8ad cepyeso-cyduHHoi cucmemu - 8 1,5 pasu,

cmamesux op2aHie - Malixce 8 3 pasu, ONOPHO-PYX08020 anapamy - matixce 8 2 pasu.
K/TKOYOBI C/TOBA: BpoaykeHi Baau po3BUTKY; XPOMOCOMHaA NaTOJI0ris; NONy sLis; HOBOHAPOAKEHi

aitu.
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VITAMIN D AND UROLITHIASIS IN CHILDREN

*Sh.A. Yusupov', A.M. Shamsiev?,
J.A. Shamsiev?, P.A. Pulotov*

1, 2, 3, 4 - SAMARKAND STATE MEDICAL INSTITUTE, SAMARKAND, REPUBLIC OF UZBEKISTAN

Background. Urolithiasis is currently one of the topical issues of contemporary urology and medicine in
general. This is primarily due to the high prevalence of urolithiasis; according to several population studies it
ranges from 3.5 to 9.6%. At the same time, there is a steady increase in its incidence. Therefore, the matter of
urolithiasis is one of the most urgent in present-day medicine.

Objectives. The aim of the research was to study the content of a polymorphic genetic marker of the vitamin
D receptor gene related to development and relapse of urolithiasis in children.

Methods. The content of a polymorphic genetic marker of the vitamin D receptor gene related to development
and relapse of urolithiasis in 100 children was investigated.

Results. The results of the study prove that the vitamin D receptor gene assists in revealing disorders that

promote urolithiasis development.

Conclusion. Comparative analysis of the frequency of distribution of Fok1 genotypes of the vitamin D receptor
gene polymorphism showed that statistical significance of the association (p=0.02) of f allele according to the
dominant inheritance model (total Ff+ff genotypes) was established in the group of patients with urolithiasis
compare to the corresponding indicator of the control group (63%).

KEYWORDS: vitamin D, urolithiasis, VDR gene, gene polymorphism, dysuria.

Introduction

Itis established that urolithiasis is polyetio-
logical. The final step of stone formation is salts
crystallization in a urine supersaturated solu-
tion. However, a variety of mechanisms take
part in pathogenesis before this, i.e. disorders
of renal circulation, disturbance of urinary tract
urodynamics, and inflammation in them [2, 3].

Urolithiasis is defined as a metabolic di-
sease that is caused by several endogenous
and/or exogenous factors and is characterized
by occurrence of stones in the urinary system
[3]. Itis clear that stones in the urinary tract are
a clinical manifestation of the disease; removal
of the stone does not stop its progression, and
it develops further if the causes are not eli-
minated [19].

Calcium stones are the most common, that
is more than 80% of cases. Correspondingly,
most of the calcium stones (about 85-90%) are
calcium oxalates, 1-10% - calcium phosphates
[7]. Recently, a tendency to decrease in the
incidence of phosphate stones in the world
structure was noticed. Probably, this is caused

*Corresponding author: Yusupov Shukhrat, PhD, DSc, Head of
the Department of Paediatric Surgery, Samarkand State
Medical Institute, Samarkand, Republic of Uzbekistan. E-mail:
shuchrat_66@mail.ru

by a decrease in the occurrence of infected
stones because of advances of minimally in-
vasive surgery for urolithiasis and use of the
latest antibacterial therapy [1,14].

Thus, metabolic disorders are significantin
the pathogenesis of urolithiasis. Ever more,
there are uric acid stones (up to 10% of all
urinary stones); they include uric acid and its
salts, along with mixed stones (up to 5% of all
calcium stones) that contain calcium salts
together with uric acid and/or its salts [18].

Violation of calcium metabolism is one of
the risk factors for occurrence and relapse of
urolithiasis; its regulation in the human body
is a complex process. Three major hormones:
parathyroid hormone (PTH), calcitonin, and
metabolite of vitamin D, 1,25-dihydroxy-
cholecalciferol-1,25 - the most important, are
involved in calcium homeostasis maintenance
[12].

Vitamin (hormone) D is a controlling ana-
bolic hormone having antioxidant properties
and an exclusive systemic metabolic effect [12].
Then again, seasonal fluctuations in vitamin D
rate (high levels in summer and autumn and
low - in winter and spring, similarly to annual
testosterone cycles) take place [19]. On the
other hand, regulation of the expression of
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hormone D metabolism genes variates accor-
ding to the androgens level. Hence, androgen
deficiency intensifies adverse health effects
caused by vitamin D deficiency [10].

The receptor of vitamin D is encoded by the
vitamin D receptor gene characterized by ge-
netic polymorphism, i.e. different allelic varia-
tions of this gene in humans [4]. Bsm I, Fok I,
Taq I are the most important polymorphisms
of the vitamin D receptor gene involved in
progress of diseases [18, 19]. Several studies
associate VDR gene polymorphism with uro-
lithiasis. Some publications prove the signi-
ficance of occurrence of the ApalAA genotype
that determines sensitivity to vitamin D in the
formation of calcium stones in the urinary
organs [7, 14]. It is also established that in
patients with urolithiasis the HLA B13, B22 and
B35 genes are more common than in healthy
individuals [2].

The huge range of biological effects of
vitamin D, its involvement in carbohydrate, fat,
purine metabolism, as well as its anabolic,
antiproliferative, immunomodulatory effects,
the investigation of cases of its deficiency is
essential.

Methods

To perform the tasks set, a clinical exa-
mination of 100 children with urolithiasis and
100 practically healthy children was conducted,
as well as the collection and analysis of statis-
tical data on urolithiasis in children of different
age groups to identify the gender, age-related
and family frequency of urolithiasis, nutrition
and lifestyle features, as well as the seasonality
of this pathological process. Ultrasound and
X-ray examinations of the urinary organs of
patients were performed.

The selection of patients was carried out on
the basis of the diagnosis established in the
clinic with the written consents of the probands.
Blood samples were collected from the patients
with urolithiasis (100 samples) and a control
group of practically healthy children (100
samples). Venous blood (1 ml) was kept in
0.5 ml of sodium citrate solution at -20 °C.

The material for the research was provided
by the Republican Specialized Scientific and
Practical Medical Center of Pediatric Surgery of
Samarkand.

Table 1 presents data on distribution of the
patients according to age in the groups under
consideration.

Table 1 shows that among the patients,
school-age children prevailed - 69 (69%). The
reason is the fact that it is the age when meta-
bolic disorders are the most often manifested;
it is associated with the transition of children
to a general diet, violation of drinking regime,
etc., and in the younger group - the diet is quite
rational and metabolic changes are less pro-
nounced.

The distribution of patients in both groups
depending on gender is presented in Table 2.

The data presented in Table 2 shows that
according to the gender distribution of patients,
incidence of urolithiasis is higher among boys -
68 (68%) children than girls - 32 (32%).

The most common complaints of patients
with urolithiasis were pain in the lumbar region,
fever, hematuria, turbidity of urine, increased
or decreased urination. Acute urinary retention
and spontaneous discharge of concretions
were noted in some cases. In dislocation of
concretions in the ureter n/w the pain was
presentintheiliacregion onthe same side. The
patients with renal insufficiency had charac-

Table 2. Division of patients depending on gender

Control group Main group Total
Gender (n=100) (n=100) (n=200)
n % n % n %
Girls 35 35 32 32 35 17.5
Boys 65 65 68 68 165 82.5
Table 1. Age-related division of patients with urolithiasis and healthy children
. Control group Main group Total o
Age of patients (n=100) (n=100) (n=200) Q
(years) e
n % n % n % ﬁ
0-3 17 17 31 31 48 24 <
4-11 43 43 43 43 86 43 5
12-17 46 46 26 26 72 36 B_"]
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teristic symptoms, i.e. headache, drowsiness,
poor appetite.

At admission pain syndrome was evidenced
in 89 (89%) patients. Also, a severe pain syndro-
me of renal colic was present in 15 (15%) pa-
tients. The nature and localization of the pain
syndrome depended on the child’'s age, pre-
sence of concomitant concretions in the urinary
tract. In the patients of a younger age group,
abdominal pain was typical. Older patients
complained for lumbar pain more often,
sometimes complained of irradiation of pain
along the ureter.

In 3 (3%) children suffering from concretion
in the lower third of the right ureter, pain
syndrome led to unjustified appendectomy
performed at the place of residence. In these
patients ureterolithotomy was associated with
some technical difficulties due to an adhesive
process.

Dysuric manifestations were evidenced in
28 (28%) patients and mostly characterized by
frequent and painful urination. Acute urinary
retention was present in 5 (5%) patients.
Dysuric manifestations were nearly 2 times
more common in younger patients than other.
Acute urinary retention in all patients was
managed by inserting an Ad’'mer catheter; in 3
(3%) patients, after the catheter was removed,
spontaneous discharge of the concretion was
evidenced.

According to the localization of the con-
cretions, the following were identified: renal
calculiin 43 patients (left-13, right - 21, on both
sides - 9); ureter stones in 12 patients (c/3
ureter - 1, b/3 ureter - 1, n/3 ureter - 10);
bladder stones in 9 patients (recurrent bladder
stone in 1 of them); stones of the proximal
urethrain 4 patients; multiple urolithiasisin 10
patients. Combined urolithiasis with urinary
disorders were revealed in 22 children.

Genomic DNA was separated from the
whole blood of patients diagnosed for uroli-
thiasis and almost healthy individuals of the
control group. It was performed by means of
reagents kit Diatom DNA Prep 200 (IsoGen
Laboratory LLC) according to a standard pro-
tocol. This kit comprised a lysing agent with
guanidine thiocyanate, which was designed to

destroy cells, solubilize cell debris and denature
cell nucleases. With a lysing reagent the DNA
was absorbed on the NucleoS™ sorbent, then
washed from salts and proteins with an alcohol
solution. The DNA, which was eluted from the
Extra-Genome sorbent, was used for further
analysis.

PCR was performed by means of special
oligonucleotide primers and a reagents kit for
PCR amplification of DNA GenePak™ PCR Core
(IsoGen Laboratory LLC). We used Master Mix
tubes ready for amplification, which comprised
a lyophilized state Tag DNA polymerase,
deoxynucleose triphosphates, and magnesium
chloride with final concentrations of 1 u, 200
microns, and 2.5 mM, respectively, and an
optimized buffer system intended for PCR
amplification. 5 pl of a primers mixture, a final
concentration of 0.5 pm, 10 pl of diluent PCR,
and 5 pl of the test DNA were added to the
Master Mix tubes. For PCR, the GeneAmp ® PCR
system 9700 with a 96-cell block (Applied Bio-
systems) was used. The amplification program
for the VDR gene involved 5 minutes of pre-
denaturation at 95 °C, 34 cycles: 94 °C - 30 sec,
66 °C - 30 sec, 72 °C - 30 sec, and a final elon-
gation for 7 minutes at 72 °C. The temperature-
time mode of amplification for the Urokinase
genewas: 5 minutes of preliminary denaturation
at 95 °C, 40 cycles: 95 °C-30sec, 56 °C - 30 sec,
72 °C-30sec; as well as final elongation at 72 °C
for 7 minutes.

Results

Bioinformatic search for the nucleotide
sequences of these genes was carried out in
the Ensemble Genome Browser genomic
database. After PCR amplification of the VDR
gene fragment, the PCR-derived products were
subjected to PCR analysis using Fok I endo-
nuclease (manufactured by NPO Sibenzyme)
(Fig. 1, Table 3).

The genotypes of the VDR gene polymor-
phisms were interpreted on the basis of dif-
ferent band patterns on the electrophoregram
(Fig. 2).

After photodocumentation, the subsequent
restriction fragments were genotyped according
to the presence of corresponding fragments.

Table 3. Chromosomal structure and localization of the studied gene

Gene, . Primers Nucleotide sequence Restrictases
polymorphism
Vitamin D receptor Pr_VDR_F AGCTGGCCCTGGCACTGACTCTGCTCT Fok-I
Fok-I polymorphism Pr_VDR_R ATGGAAACACCTTGCTTCTTCTCCCTC
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Fig. 1. VDR gene Fok-I polymorphism.
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Fig. 2. FDRF analysis of the Fok1 polymorphism of the VDR gene.

Genotyping analysis of VDR gene PDRF and 80 bp - a carrier of the homozygous
products (restriction products) was performed. genotype MUT (Mutant) (Fig.3).

One fragment weighing 278 bp indicated The frequency distribution of the VDR gene
that this sample was a carrier ofthe homozygous polymorphism Fok1 genotypes in the control
genotype WT (Wild Type), and three fragments group corresponded to the Hardy-Weinberg
weighing 278 bp, 198 bp and 80 bp - a carrier distributions.
of the heterozygous genotype WT/MUT, the A comparative analysis of the frequency
presence of two fragments weighing 198 bp distribution of the VDR gene polymorphism
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Fig. 3. PDRF analysis of the Fok1 polymorphism of the VDR gene.

Fok1 genotypes showed a statistically significant
association (p=0.02) of the f allele regarding the
dominant inheritance model (Ff +ff genotypes)
in the group of urolithiasis patients compare to
the corresponding indicators in the control
group (Fig. 4).

As shown on the diagram, the genotype of
heterozygotes F/F of the Fok1 polymorphism
of the VDR gene was the most often recorded
in the control group (53%), and in the group of

%
70 -

63%

53%
60 -

7%
>0 1 37%
40
30
20

10 4

FF Ff+ff
H Control group Main group

Fig. 4. Frequency distribution of Fok1 polymorphism genotypes

of the VDR gene in the control group and in patients with

urolithiasis.

urolithiasis children, a decrease tendency was
established, no confidence between the
indicators (47%) (p>0.05) was evidenced. The
F/f+f/f polymorphism Fok1 of the VDR gene was
the most informative genotype in urolithiasis,
which occured almost 2 times more often
compare to the control group (p<0.01).

The frequency distribution of the hete-
rozygotes F / F genotype was 44.4%; in the
control group - 15%, respectively (x>=0.47;
p=0.24; OR=1.35; 95% CI10.57-3.17; df=1).f allele
detection increased the risk of urolithiasis in
children in 2.4 times compare to the F allele
(95% CI=0.68-2.93, df=1).

Allele determines the vitamin D receptor
synthesis (427 amino acids); it is defined as *f,
and the shorter form (424 amino acids) of the
receptor is VDR*F. The study of the patient
samples proved that the ff-normal genotype
was revealed in 83 patients; a homozygous
variant of the mutant Ff genotype - in one case,
a heterozygous FF genotype - in 127 cases by
the VDR gene polymorphic marker FokI
(3663T>C).

The allelic form of VDR*F*f was associated
with a frequency of 74% and urolithiasis
manifestations in the studied group of patients;
the *f allele occurrence was 93 compare to the
*F allele - 89.

(=p]
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It is established that calcium urolithiasis is
associated with the VDR*F*F genotype; in the
individuals with this genotype the manifestations
of urolithiasis at an early age are significantly
more frequent; in the carriers of the VDR*f*f
genotype the association with the development
of urolithiasis is significantly lower; and in the
individuals homozygous for the VDR*F*f ge-
notype - intermediate.

The analysis of the VDR gene genotype
frequencies proved that the analysed genotypes
distribution in our population corresponded to
the Hardy-Weinberg distribution (RHB) (x>=5.14;
p=0.03) (Table 4).

Thus, the attained results prove that the
VDR gene is significant in revealing the dis-
orders that contribute to urolithiasis deve-
lopment.

Table 4. Statistical analysis of the genetic association of the VDR gene genotypes
with urolithiasis according to the dominant inheritance model (test x2, df=2)

Genotypes Cases Control v 0 OR
n=100 n=94 Case 95% (I
Genotype F/F 0.370 0.532 5.14 0.02 0.52 0.29-0.92
Genotype F/f+f/f 0.630 0.468 1.93 1.09-3.43

Discussion

Many scientists have proved that a violation
of the metabolism of vitamin D leads to an
imbalance in the phosphorus-calcium meta-
bolism, which is a direct risk factor for the
development of urolithiasis. A decrease in the
level of vitamin D leads to a deterioration of
health due to arange of physiological processes.
However, many guidelines on urolithiasis pro-
vide recommendations on the limited admi-
nistration of vitamin D due to the fear of deve-
lopment of increased lithogenesis. Some re-
searchers proved that 1.25 (OH)2D3 has a direct
effect on calcium excretion [8]. Currently, the
relationship between the level of vitamin D and
nephrolithiasis is debatable; the data obtained
are contradictory, especially in paediatrics.

Schlingmann and co-authors stated that in
children with urolithiasis, significant nephro-
calcinosis and hypercalcemia had conditions of
suppressed serum PTH and a significant in-
crease in the level of 1.25-dihydroxyvitamin D3
due to CYP24A1 mutations [13].

Consequently, VDRs are encoded by the
VDR gene with genetic polymorphism, i.e. the
presence of various allelic variants of this gene
in the population [5]. Bsm I, Folc I, Taq I were
the most significant polymorphisms of the VDR
gene involved in disease development. The
prevalence of VDR gene polymorphism has
racial and ethnic differences. In one population,
one genotype of a polymorphic marker prevails,
in another population - another genotype of a
polymorphic marker [11, 15, 17]. In this regard,
it is relevant to study the distribution of ge-
notypes of the polymorphic marker Fok I of the
VDR gene in the Uzbek population in children
with urolithiasis.

The Fok I locus is characterized by a T/ C
transition in the start codon (ATG) of the second
exon of the VDR gene, in which the length of
the protein molecule of the receptor decreases
due to the displacement of the start codon by
three triplets. In the case of thymine (T) or the
“f" allele, the M1 form of a molecule of 427
amino acids is synthesized; in the case of
cytosine (C) or the “F" allele, a shorter and,
accordingly, more active M4 form of the
receptor with a length of 424 amino acids is
synthesized [9]. According to the US researchers,
in children with the FF genotype, bone mineral
density was on average by 8.2% higher than in
those with the recessive homozygous genotype
(ff) and by 4.8% higher than in children with the
Ff genotype [16].

A group of scientists guided by S. Azab
conducted a study of the association of BsmI
polymorphism of the VDR gene with the risk of
development of nephropathy in patients with
systemic lupus erythematosus; it showed that
the BB (AA) genotype is a risk factor for this
complication. However, there was no significant
association of VDR gene variants with other
clinical manifestations, laboratory profiles of
systemic lupus erythematosus, the disease
activity index or the level of 25-hydroxyvitamin
D in the blood serum of patients [6].

According to the results of out study, it was
established that in the Uzbek population the
genetic markers of predisposition to urolithiasis
are: genotypes Ff+ff of the VDR gene. A com-
parative analysis of the frequency distribution
of the VDR gene polymorphism Fok1 genotypes
proved a statistically significant association
(p=0.02) of the f allele regarding the dominant
inheritance model (Ff+ff genotypes) in the
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group of urolithiasis patients compare to the
corresponding indicators in the control group.
The genotype distribution frequencies of F/F
heterozygotes were 44.4%, and 15% - in the
control group, respectively (x? =0.47; p=0.24;
OR=1.35; 95% CI 0.57-3.17; df=1). Revealing of
the f allele increased the urolithiasis risk in
children in 2.4 times, compare to the F allele
(95%) (CI = 0.68-2.93, df=1).

The heterozygosity of F/F mutations may
predispose to formation of stones; therefore,
screening should be carried out to determine
the level of 25(OH)D in serum (which will be
high) and levels of 24, 25(0OH) vitamin D (which
will be low), before prescribing vitamin D
supplements to the patients with kidney stones
to prevent exacerbation of calciuria. Those to
be screened and genetically tested are the
patients with high or above average serum
calcium levels and reduced PTH levels.

The molecular genetic method of prediction
of urolithiasis occurrence allows identifying a
disease predisposition at any age: just about
from the birth of a person, since the genotype
of an individual does not change throughout
life. Moreover, disease predisposition can be
established by means of this method if no
clinical or biochemical manifestations are
present, specifically at the earliest preclinical
stage of the pathology development. So, the

earlier the genetic marker is detected, the more
reliable and timely measures can be taken to
prevent the disease.

Conclusions

A comparative analysis of the frequency
distribution of VDR gene polymorphism Fok-1
genotypes showed a statistically significant
association (p=0.02) of the f allele regarding the
dominant inheritance model (Ff +ff genotypes
in total) in the group of urolithiasis patients
compare to this indicator in the control group
that was 63%. In the Uzbek population, the
genetic markers of predisposition to urolithiasis
are: genotypes Ff+ff of the VDR gene. It is
appropriate to test this genotype as a comp-
rehensive program of urolithiasis preventionin
Uzbekistan.
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BITAMIH 4 I CEHOKAM'AHA XBOPOBA B IUTAYOMY BIIII

LL.A. FOcynos', A.M. Llamcues?,
X.A. Wamcumes?, MN.A. NMynoTtos*

1, 2, 3, 4 - CAMAPKAHACBKW AEPXABHWA MEANYHUI IHCTUTYT, CAMAPKAHZ, PECITYBJIIKA Y35EKVUCTAH

Bctyn. Cevyokam'aHa xeopoba 00HA 3 HAlibiNbW aKMYyanbHUX npobaem Cy4acHoi yponozii ma MeouyuHu 8
yinomy. Lje nos'a3aHo 8 nepuuy Yepay 3 8LUCOKOK NOWUPEHICMI0 Ce4OKAM'SIHOI X80pobu, KA, 3a OGHUMU OeKinbKox
nonynayitiHux 0ocaioxceHs, cmaHosums 8i0 3,5 0o 9,6%. Mpu YoMy 8i03HAYAEMbCA HeyXUNbHE 3POCMAHHSA

30X80p/-060HOCI‘ni.

Merta. Bugyumu emicm nosnimMop@pHo20 2eHeMUYHO20 MapKepa 2eHa peyenmopa simamiHy /] acoyilioeaHozo
3 p0O38UMKOM i peyuduBy8aHHAM ce4oKam 'aHoi xeopobu y dimed.

MeTtoawn. Memodowm [1/IP npoeedeHo 2eHemuYHe 00CiO*EeHHS NONIMOPPHO20 2eHeMUYHO20 MapKepd 2eHa
peyenmopa eimamiHy /] acoyiliosaHo20 3 p038UMKOM i peyuousy8aHHAM Ce40Kam'aHoi xeopobu y 100 dimed.

PesynbTaTun. pesysbmamu, ompuMaHi 8 YyboMmy 00CNi0HeHHI, 8kasyrome Ha me, wo 2eH VDR cnpuse
BU3HAYEHHIO NOpYWeHb, WO CNpUAMb po38UMKY CeYOKAM 'aHOI xeopobu

BUCHOBKW. B pe3ysemami npogedeH020 NopieHA/NbHO20 aHANI3Y po3nodiny yacmom 2eHomunie fok1
noaimopiamy 2eHa VDR ecmaHos1eHa cmamucmu4Ho 3Hadyua acoyiayis (p=0.02) anens f 30 doMiHGHMHOK
M00enNt cnadky8aHHSA (cymapHo ceHomunu Ff+ff) & 2pyni xeopux 3 yponimia3om nopieHAHO 3 8i0N08iIoOHUM

NOKA3HUKOM 8 2pyni KOHMpoto, AKul cknas 63%.

KJ/IFOYOBI C/IOBA: BiTamiH /], ceyokam’siHa xBopo6a, reH VDR, nonimop¢isam reHis, gusypis
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CLINICAL OUTCOMES AND ADVERSE DRUG REACTIONS IN
COVID-19 PATIENTS TREATED WITH HYDROXYCHLOROQUINE AND
AZITHROMYCIN ALONE OR COMBINED

*H. Rathi’, P. Rathi?, M. Biyani?

1 - RAJASTHAN UNIVERSITY OF HEALTH SCIENCES COLLEGE OF MEDICAL SCIENCES,
JAIPUR (RAJASTHAN), INDIA

2 - MAHATMA GANDHI MEDICAL COLLEGE, JAIPUR (RAJASTHAN), INDIA

3 - SAWAI MAN SINGH MEDICAL COLLEGE, JAIPUR (RAJASTHAN), INDIA

Background. Use of Hydroxychloroquine with or without Azithromycin is repurposed in SARS-CoV-2 in the
absence of definitive treatment.

Objective. To evaluate the association between the use of Hydroxychloroquine and Azithromycin when given
alone or in combination on clinical outcomes and adverse drug reactions among lab confirmed SARS CoV-2
positive patients admitted in a COVID tertiary care hospital of a University Medical college.

Methods. a retrospective observational comparative study was conducted. COVID-19 positive patients
admitted in study hospital for management of COVID-19 were enrolled into the study. The patients were categorized
into 4 treatment groups based on having received the following treatment during hospitalization: (A)
Hydroxychloroquine with Azithromycin, (B) Hydroxychloroquine without Azithromycin (Hydroxychloroquine alone),
(C) Azithromycin alone, and (D) Neither drug, defined as no receipt of either Hydroxychloroquine or Azithromycin

INTERNAL MEDICINE

in the record; other medications may have been dispensed.

Results. 800 patients were enrolled. MeantStandard deviation of duration of hospital stay (in days) for study
Group Awas 11.37+7.11, for Group Bwas 8.37+4.77, for Group Cwas 18.22 + 5.69 and for Group D was 6.12+2.97.
Mortality in Group A was 29.74%, Group B - 33.16%, Group C - 0% and in Group D - 1.32%.

Conclusion. Among hospitalized patients with COVID-19 treatment, Group C was associated with good
clinical outcome. However, the interpretation of these findings may be limited by the observational design.

KEYWORDS: COVID-19; hydroxychloroquine; azithromycin; SARS CoV-2

Introduction

In December 2019, several cases of pneu-
monia like disease were reported in the Wuhan
city of China[1,2]. The World Health Organisation
(WHO) named this disease COVID-19. The
causative agent for COVID-19 is the Severe
Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV2).

SARS-CoV-2 is the newest of the family and
is currently the cause of COVID-19 across the
world [3]. Within months after its onset in China,
this virus had spread involving most of the
countries of the world. In March 2020, WHO
declared it as a pandemic [4]. According to the
recent available data by the end of December
2020, approximately 95 million populations
worldwide and 10 million individuals in India
have been diagnosed as COVID-19 positive.
Until December 2020, the recovery rate in In-
dian population was 95.77% while the mortality
rate was 1.45 %.

*Corresponding author: Heena Rathi, B.D.S, MSc. (med-phar-
macology) 3rd year, RUHS College of Medical Sciences, Jaipur
(Rajasthan), 302033, India. E-mail: drheenarathi@gmail.com

The sources of infection of SARS-CoV-2 are
reported to be infected animal hosts and
infected humans. Bats[7] are considered to be
initial hosts of this virus strain [5]. Main modes
of transmission for interhuman spread of SARS
CoV-2 are respiratory droplets and contact
transmission. Patients of COVID-19 commonly
present with symptoms like fatigue, cough,
fever, myalgia, and diarrhoea.

Most of the people infected with the virus
experience mild-to-moderate respiratory iliness
and recover without requiring any special
treatment. However, elderly and those with
underlying medical problems or diseases are
more likely to develop serious illness. Research
published till date has shown evidence that
COVID-19 cause cytokine storm [6]. Some
reports also revealed that patients of COVID-19
are associated with hyper inflammation and
increased production of cytokines such as inter-
leukin (IL)-1, 2, 6, 8, 10, and 17 [4, 7]. This may
be the reason of tissue damage in the lungs of
moderate to severely infected patients. Reports
have also suggested that cytokine storm may

(=]
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cause cellular demise and tissue injury in
cardiac system which may lead to cardiovascular
arrest [5]. Conditions like ARDS and cardiac
arrest require an emergent medical attention
in an intensive care unit.

Since no drug therapy has been specifically
and conclusively established for the prevention,
control, and cure at the time of its onset. So,
several drugs have been repurposed to manage
the rapidly deteriorating public health situation.

Many initial researches published during
the early months of 2020 had suggested that
Hydroxychloroquine is highly effective in both
prophylaxis and treatment of COVID-19 positive
patients. In vitro studies have demonstrated
that Chloroquine and Hydroxychloroquine can
inhibit viral replication at multiple points in the
initial phase of viral infection [8]. It is postulated
to exert a direct antiviral activity by increasing
intracellular pH resulting in decreased pha-
golysosome fusion, impairing viral receptor
glycosylation [9].

Various other studies showed the potential
role of Azithromycin in treatment of COVID-19
patients. Azithromycin is a potent immuno-
modulator with significant antiviral properties.
Azithromycin, a macrolide antibiotic, has in-
vitro antiviral properties such as decreased
viral replication, blocking entrance into host
cells, and a potential immunomodulating
effect [10].

According to other researches, combination
of both the drugs may be more effective in
curing the disease but some have also contra-
dicted this line of treatment and several studies
have even supported the statement that
combination of both is harmful to the patient
because the combination may add or increase
the severity of their adverse effects.

All the above reasons led us to carry out this
pilot study including drugs Hydroxychloroquine
and Azithromycin. The aim of this study was to
evaluate clinical outcome and adverse drug
reactions among hospitalised laboratory
confirmed COVID-19 positive patients treated
with Hydroxychloroquine and Azithromycin

Sample size: COVID-19 positive patients
have been admitted in study hospital for
management of COVID-19. Out of these, all
those patients, who matched the inclusion
and exclusion criteria, were enrolled in the
study.

Inclusion and Exclusion criteria

Inclusion criteria:

1. All laboratory confirmed COVID-19 posi-
tive patients admitted in RUHS-HMS between
March-July 2020.

2. Patients of both genders and above the
age of 12 years old.

Exclusion criteria:

1. Patients whose hospital stay was less
than 5 days (due to any reason).

2. Incomplete case files.

Study Groups:

Patients were categorized into 4 treatment
Groups based on having received the following
treatment during hospitalization:

(A) Hydroxychloroquine with Azithromycin,

(B) Hydroxychloroquine without Azithro-
mycin (Hydroxychloroquine alone),

(C) Azithromycin alone, and

(D) Neither drug, defined as no receipt of
either Hydroxychloroquine or Azithromycin in
the record; other medications may have been
dispensed.

Results

Atotal of 800 case records of lab confirmed
COVID-19 positive patients admitted to RUHS
Hospital of Medical Sciences from March to July
were reviewed and enrolled in the study.

All the study Groups were compared via
ANOVA test. This comparison included the
parameters such as age, systolic blood pressure,
diastolic blood pressure, SPO, and duration of
hospital stay. Meanzstandard deviation of each
parameter of all groups were calculated. The
obtained results of ANOVA test for all the study
groups has p value less than 0.05, which re-
presents a higher significance for the study.
Observations and results of this test is shown
in Table 1.

either given alone or in combination. 1. Gender distribution of patients as per Lé
groups O
Methods Results and observations obtained are A
This study received ethical approval from presented in Fig. 1. 48
institutional ethics committee. 2. SPO, distribution as per group =
Study design: Aretrospective, observational, MeanzStandard deviation of SPO, for study —
comparative study. Group A was 89.6+7.1, for Group B was <Z‘:
Study population: All laboratory confirmed  90.24+7.44, for Group C was 91.63+5.34 and for e,
COVID-19 positive patients admitted in study Group D was 96.12+3.62. Results and obser- E
hospital from March 2020 to July 2020. vations obtained are presented in Fig. 2. E
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Table 1. ANOVA of the groups (N=800)

Parameters ANOVA Significance
Age 12.46 0.000001
Systolic BP 3.07 0.0271
Diastolic BP 3.01 0.02971
SPO, (in %) 19.01 0.000001
Hospital Stay 103.03 0.000001

80,0%
70,2%

69,0%

70,0% - 63,2%

60,0% -

50,0% - 43,4%

40,0% -
29,8%
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Group C Group D
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Fig. 1. Gender distribution of patients as per groups (N=800).
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Fig. 2. Mean and SD of SPO,(in %).

3. Duration of Hospital stay distribution
as per group
Mean+Standard deviation of duration of

Moderate symptoms - high fever, tiredness
and fatigue, and chest pain.
Patients with severe symptoms - respiratory

INTERNAL MEDICINE

hospital stay (in days) for the study Group A
was 11.37+7.11, for Group B - 8.37+4.77, for
Group C - 18.22+5.69 and for Group D -
6.12+2.97. Results and observations obtained
are presented in Fig. 3.

4. Severity of illness in study population

Severity of illness in study population in the
study is classified as:

Asymptomatic - flu-like symptoms, patients
are not hospitalized, and recover at home.

Mild symptoms - runny nose, sore throat,
congestion, and dry cough.

distress syndrome (shortness of breath, in-
creased blood pressure, and decreased oxygen
saturation).

Patients in the critical stage - Severe Acute
Respiratory Syndrome (SARS) (high fever, chest
pain, and breathlessness).

Patients with mild-moderate symptoms
were categorized in one group and patients
with severe symptoms and patients with critical
stage were categorized in another group.

Chi-square test was applied for evaluation
which was 72.73, and p value for this was

N
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Fig. 3. Mean and SD of hospital stay (in days).

0.0000001, which was highly significant for our
study. Severity of illness was highly significant
with p-value 0.000001 (chi-square=72.73).
Results and observations obtained are pre-
sented in Fig. 4.

5. Comparison of the clinical outcome of
all the groups on the basis of iliness severity
and presence or absences of co-morbidity
(Table 2).

6. Adverse events observed during
study

Total numbers of adverse events observed
in this study were 3. Two patients experienced
itching over the body and they were associated
to Group Aand 1 patient of Group B experienced
diarrhoea. Observations and results are shown
in Table 3.

Discussion
For the evaluation of the treatment efficacy
in our study two variables were examined. The

first was the duration of hospital stay and the
second was outcome (discharged or death). In

250
200

150

Group C Group D

the present study, duration of hospital stay for
Group A was 8 days (IQR: 5-16), Group B - 7
days (IQR: 5-9), Group C - 18 days (IQR: 15-20),
and Group D - 5 days (IQR: 5-6). The Mean+SD
for Group A, B, C, D was 11.374£7.11, 8.37%4.77,
18.2245.69, and 6.12+2.97 respectively. p value
was 0.000001 and was highly significant.
Group D had the shortest duration of hospital
stay. Possible reasons for this could be that in
Group D, 98.68% were mild-moderatelyill. Also,
SPO,which was an important clinical feature in
COVID-19 was maximum for Group D (median
97.5,IQR: 95-99, and mean+SD 96.12+3.62) with
a p value of 0.000001. Therefore, we can infer
that milder disease severity and least deranged
clinical features in Group D may have resulted
in faster recovery and a shorter duration of
hospital stay. Another reason can be that in
Group D only 14.47% patients were having
underlying comorbidities. This could also be
important factor since presence of co-mor-
bidities is now known to adversely affect the
course of illness.

111 %J

100 5 s g

g

0 — ! 3

Group A Group B Group C Group D Z

M Mild-moderate m Severe ﬁ

—~

Fig. 4. Distribution of illness severity (N=800). E
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Table 2. Comparison of clinical outcome among all groups

A B C D
i > g = e >| g = N g s |8 > g =
28 3 S |2E 8 S |28 8 | 8 |%2 3| 8
° v E o |8 v E o |2 v é o |8 © é )
Mild-mode- 16.1 | 27.03% | 0% | 8.3 | 13.67% 18.9488.46% 6.9 |13.33%
rate (N=30) | (N=0) (N=29) | (N (N=69) |(N=0) (N=10) | (N
comorbid
patients
Mild-mode- 72.97% | 0% 86.32% 11.53% 86.66%
rate patients (N=81) | (N=0) (N=183) | (N (N=9) [(N (N=65) | (N
without
comorbidity
Severe 33.88% (42.14% 16.66% |56.32% 100% 0%
comorbid (N=41) |(N=51) (N=29) |(N=98) (N=28) | (N=0) (N=0) |(N=1)
patients
Severe patients 9.09% |14.8% 9.77% |17.24% 0% 0%
without (N=11) |(N=18) (N=17) |(N=80) (N=0) [(N (N=0) | (N
comorbidity
Table 3. Adverse events observed during study
ADR Group A Group B Group C Group D
Diarrhoea 0 1 0 0
Itching 2 0 0 0
NIL 230 385 106 76
Total 232 386 106 76

INTERNAL MEDICINE

The longest duration of hospital stay was
in Group C which was having Median 18, IQR:
15-20 and mean+SD for 18.22+5.69. Despite of
having borderline SPOZ(Median 92, IQR:88-96
and mean+SD 91.63 +5.34) with 73.58% patients
of this Group being mild-moderately ill, still this
Group had the longest duration of hospital stay.
Possible reasons could be that 92.45% patients
of this group were having underlying comor-
bidities.

Second variable which was observed in our
study was clinical outcome. Two possible clinical
outcomes were considered; recovered and
discharged - meaning a good clinical outcome,
and death -denoting a poor clinical outcome.

Samia Arshad et. al [9] found in a retrospec-
tive observational study that overall mortality
was 18.1%, 20.1% by treatment with the com-
bination of Hydroxychloroquine with Azith-
romycin, 13.5% with Hydroxychloroquine alone,
22.4% with Azithromycin alone and 26.4% with
neither drug. According to their results
Hydroxychloroquine provided 66% hazard ratio
reduction and Hydroxychloroquine with Azith-
romycin 71% compared to neither treatment
(p<0.001).

In the present study good clinical outcome
was observed in Group C. In Group C 100% of
the patients were discharged whether in Group
Aonly 66.37% were discharged. Various factors
could cause this. Chi square test was applied to
measure the significance of illness severity in
the population. Results of this test showed
p=0.000001, it means severity of illness was
highly significant. In Group C 98.68% patients
were mild moderately ill and only 1.34% were
severely ill. Another reason could be that SPO,
as SPO, was 91.63+5.34 (p value 0.000001),
which showed high significance. It may have
led to decreased mortality in this Group.

To validate this overall result sub-Group
analysis was performed. Thus it was established
thatin the patients, who were mild to moderately
ill with comorbidities, maximum recovery or
good clinical outcome were observed in Group
C(88.46%). Similarly, when severely ill comorbid
patients were evaluated again maximum re-
covery or good clinical outcome were observed
in Group C (100%). It was also observed that in
both groups of comorbidities (mild-moderate
and severe) the longest duration of hospital
stay was in Group C. In Group C the mean of
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hospital stay for mild-moderate comorbid
patients was 18.24 and for severely ill co-morbid
patients it was 21.04. It proved that in our study
effective treatment in the co-morbid patients
was observed in Group C among all patients
but it took more time to recover comparatively
to other groups.

However, in patients without co-morbidities
maximum recovery was evidenced in Group B.
For Group B patients, who were mild-moderately
ill with no co-morbidities, recovery was 86.32%
and for severely ill without co-morbidity, re-
covery was 9.77%. In Group D recovery in mild-
moderate non-co-morbid patients was 86.6%,
which was slightly higher than in Group B, but
for severely ill non-comorbid patients, recovery
rate was higher in Group B. So, the overall
recovery for non-comorbid patients was higher
in Group B. The duration of hospital stay for
mild-moderately ill Group B patients with
comorbidities was 8.3 and for patients without
comorbidities it was 8.4. For severely ill Group
B patients with comorbidities it was 7.7 and for
patients without comorbidities - 8.2. This data
also revealed that patients of Group B without
comorbidities had longer duration of hospital
stay than the non-co-morbid patients.

Poor clinical outcome was measured by
number of deaths. The highest mortality was
observed in Group B with 33.16% death. Factors
which influenced this result could be that 70.2%
of patients of this Group were males. Males
were more prone to lung infection due to their
habits like smoking. Smoking habit is associated
with males in Indians comparative to females.
Therefore, this could be a reason for a greater
number of deaths. In this Group 45.07% patient
were severely ill. So, risk was higher for them
compare to mild-to-moderate ill patients. 40.9%
patients with underlying comorbidities were
present in this Group which can have led to
poor clinical outcome.

Sub-Group analysis revealed that there
were no deaths in mild-moderately ill patients
in both co-morbid and non-co-morbid groups.
All the deaths were associated with severely ill
patients. The highest mortality among all
severely co-morbid patients was associated
with Group D, which was 100%. There were no
patients in Group D with non-co-morbidity.
After that, the maximum deaths of non-co-
comorbid patients were seen in Group B
(17.24%).

Results of our study revealed that Group C
treatment in comorbid patients were more
effective and similar treatment in Group D was

not safe. Recovery ratein mild-moderately ill
comorbid patients was higher (27.03%) in the
Group A compare to Group B (13.67%).
However, in mild-moderately ill non-co-morbid
patients, higher recovery was observed in
Group B (86.32%) compared to Group A
(72.97%). In severely ill co-morbid patients
decreased mortality (42.14%) and increased
recovery (33.88%) was seen in Group A compare
to Group B, where mortality was 56.32% and
recovery was 16.66%. In non-co-morbid
severely ill patients, recovery in both groups
(A-9.09% and B - 9.77%) was almost the same
but mortality was lesser in Group A (14.80%)
compare to Group B (17.24%). These findings
revealed that on the whole Group C treatment
was the best among all and among groups A
and B, Group A was better than B.

Similar results have been shown in the
study by Matthieu Million et. al [11]. They also
conducted a retrospective analysis of early
treatment of COVID-19 patients with Hydro-
xychloroquine and Azithromycin. A poor clinical
outcome was observed in 4.3%. They concluded
that this combination was safe and associated
with low fatality rate in patients.

Adverse events distribution in the study

Inthe present study safety of the treatment
was also observed by adverse events. Very few
adverse events were reported and they were
mild which were associated with Group A and
B. Reason for this is because of retrospective
study, we are unable to analyse all those events
which were not mentioned in case record files.

Conclusion

The present study concluded that no deaths
were observed in mild-moderately ill patients
with or without comorbidity. Among four
groups, treatment in Group C (Azithromycin-
500 mg OD for 5 days) had better results.
Between groups A (Hydroxychloroquine with
Azithromycin) and B (alone Hydroxychloroquine
400 mg BD on day 1 followed by 200 mg BD on
day 2 to 5), treatment in Group A had better
outcome. The duration of hospital stay was
longer for comorbid patients compare to
patients with no comorbidity.

Limitations

Though, we did our best to make this study
without any blemish but several limitations
make the scope for future study. It was a
retrospective observational study. Therefore,
regarding the data we had to rely on the case
records and the mentioned records. There
might be a few findings which were not
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mentioned in the records but may have been
presentin the patients. We could not note them.
Time constraint was the major limitation. So,
we were unable to analyse the data on the basis
of each sub-group. The data were incomplete
for some patients because services were
overwhelmed. CT scans, ECG and potential
cofounders such as inflammatory markers
associated with severity of the disease were not
frequently measured/recorded. Mortality was
limited to in-hospital death and patients, who
were discharged or referred, were assumed to
still be alive during study period. Because of
retrospective analysis, we were not able to
record all adverse events. Therefore, the
evaluation of the safety was not adequate. For

this, prospective randomized controlled trials
may have been conducted at that time.
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HACJIIZIKA TA IIOBIYHI PEAKIIII ITPH JIIKYBAHHI ITAITIEHTIB
3 COVID-19 TTAPOKCHUXJIOPOXIHOM TA ASUTPOMIIIMHOM OKPEMO

TA B KOMBIHAIIIL
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BcTyn. 3acmocysaHHA 2i0poKcuxnopoxiHy camocmiliHo abo y KoMGIHAyi 3 a3umpomiyuHoM - 00Ha 3 onyill
mepanii SARS-CoV-2 3a 8idcymHoCmi 4imko 8U3HA4YeHO020 /iKYBAHHS.
MeTa. OyiHumu 8nsaue 3acMocy8aHHs 2idPOKCUXA0POXIHY Ma a3umpoMiyuHy y AKocmi MoOHomepanii yu y

INTERNAL MEDICINE

KOMGIHaYii Ha KAIHIYHI pe3yasmamu ma 4yacmomy po38umky nobidHUX peakyili ceped nayieHmie 31060pamopHo
niomeepoxceHoi iHpekyieto SARS-CoV-2, aki 6yau 2ocnimanizosaHi 0o cneyianizoeaHoi COVID-nikapHi npu
MeOdu4YHOMY Ko/ae0xc yHigepcumemy.

MeTopawn. bysno npogedeHe pempocnekmugHe cnocmepexcHe NopieHANbHE 00CNiIONeHHA. Y 00CAi0NeHHI
bpasu yyacme 20cnimanizosaHi nayieHmu 3 106opamopHo niomeepdxceHum diazHozom COVID-19. MayieHmu
6ysnu po3dineHi Ha 4 2pynu, 6a3yr04YUCs HA NiIKYBAHHI SKe 80HU OmMpuMy8aau nid 4ac 2ochimanisayii:
(A) 2iOpPOKCUXMOPOXIH 3 A3UMPOMIYUHOM, (B) 2i0poKcUXN0pOXiH 6€3 a3uMpPOMIYyUHy (Auuie 2i0pOKCUXTOPOXIH),
(C) nuwe asumpomiyuH ma (D) xo00eH 3 npenapamie He NPU3HAYABCA; MO2/U 30CMOCO8Y8AMUCA IHWI NiKU.

PesynbTaTu. byso 3any4eHo 800 nayieHmis. CepedHe 3Ha4eHHAECMaHOapmHe 8ioxuneHHa mpusanocmi
nepebysaHHs 8 NiKapHiI (y OHAX) 015 docnidxHcysaHoi epynu A cmaHosuao 11,37+7,11, 045 epynu B - 8,37+4,77,
014 2pynu C - 18,22+5,69 ma 0.4 e2pynu D - 6,12+2,97. CMepmHicme y 2pyni A cmaHosuna 29,74%, 2pyni B -
33,16%, 2pyni C - 0%, a 2pyni D - 1,32%.

BucHoBoK. Ceped 2ocnimanizosaHux nayieHmie 3 COVID-19 nikysaHHA y epyni C (nuwe a3umpomiyuH,)
6y/10 N08'A3aHe 3 NO3UMUBHUMU KAIHIYHUMU pe3yanemamamu. OOHOK iHmepnpemysamu eucHO8KU 0CMAmoyHo
HeMOX/1UBO Yepe3 0bMedxceHHA | paMKu npogedeHo20 00CAiIOHeHHS.

KJ/IOYOBI C/IOBA: COVID-19; riApoOKCNXI0POXiH; a3UTPOMIiLMH; SARS-CoV-2.
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RADIATION EXPOSURE IN ACCESSORY PATHWAY ABLATION
PROCEDURES IN CARDIAC ELECTROPHYSIOLOGY: A RETROSPECTIVE
ANALYSIS
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Background. Radiofrequency catheter ablation (CA) has been the treatment of choice in patients with
accessory pathway (AP)-mediated tachycardias. Most of these procedures are done under fluoroscopic guidance,
leading to significant radiation exposure to the patient and the laboratory personnel. In this analysis, we have
looked at the amount of radiation exposure in AP CA procedures performed without the support of a three-
dimensional electroanatomic mapping system. We have analyzed changes in exposure indices over the study
period and the impact of change in fluoroscopy frame rate (FFR).

Objectives. The objectives of this study are to quantify radiation exposure in accessory pathway ablation
procedures; to analyze the radiation exposure trend over time; and to evaluate the effect of fluoroscopy frame
rate reduction on the radiation exposure indices in these procedures.

Methods. All the AP ablation procedures performed at our institute from January 2016 to December 2019
were retrospectively analyzed. The collected data were age, sex, location of APs based on successful site of ablation
on fluoroscopy, procedure time, fluoroscopy time, and dose-area product (DAP). Effective dose (ED) was estimated
from DAP. The data of procedures performed before January 2018 (“pre” group) were compared with those of
the procedures performed after that date (“post” group). Pre-group procedures were performed at an FFR of 7.5
frames per second (fps), and post-group procedures - at an FFR of 3.75 fps.

Results. The total number of procedures included in the analysis was 635. The mean age of the patients was
39+14 years, and 401 of them (63%) were males. The most common location of the APs was left lateral (38%).
Procedure time and radiation indices showed a significant decrease over the study period (p < 0.001). Post group
procedures had significantly shorter procedure time and lower radiation exposure than pre group procedures.

Conclusions. A decrease in the FFR was associated with a significant reduction in radiation exposure in AP
ablation procedures

KEYWORDS: accessory pathway; catheter ablation; dose-area product; fluoroscopy time; radiation
exposure.

Introduction

INTERNAL MEDICINE

The ablation of accessory pathways (AP)
using radiofrequency energy was first intro-
duced by Borggrefe and colleagues in 1987
when they ablated a right-sided accessory
pathway for the first time in humans using
radiofrequency energy [1]. Since then, radio-
frequency ablation has been the treatment of
choice in patients with accessory pathway-
mediated tachycardias [2,3]. Although radio-
frequency ablation for AP-mediated tachy-
cardiasis a highly efficacious and safe treatment
Wond/’r@authon Dr. Muzaffar Ali, Department of Car-

diology, SKIMS, Srinagar, Kashmir, India. Email: dralimuzaf-
far@gmail.com

option, some of the adverse effects of this
procedure are not because of the procedure
itself but because of the ionizing radiation used
to visualize the catheters during the procedure.
Ionizing radiation exposure affects the patient
and the laboratory personnel because of the
fluoroscopic imaging used during cardiac
electrophysiology (EP) procedures.

The ionizing radiation exposure can cause
long-term hazardous effects, including malig-
nancy, cataract formation, thyroid dysfunction,
dermatitis, germline mutations, etc. Thisis due
to double-strand breaks induced in the DNA
backbone brought about by the free radicals
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generated due to the exposure of ionizing
radiations [4].

The hazard of radiation exposure increases
with the higher radiation dose, which in turn
increases with the longer duration of EP pro-
cedure for the patient and increase in the
number of EP procedures for the laboratory
staff. Thus, itis essential to evaluate the benefit
of the intended EP procedure over the risk of
expected exposure to ionizing radiation and
minimize the radiation exposure levels to mini-
mum achievable levels for both the patients
and the laboratory staff to have an overall
beneficial outcome of the EP procedure [4].

One way to decrease radiation exposure in
cardiac electrophysiology procedures is to use
a lower fluoroscopy frame rate. We have pre-
viously reported of the impact of fluoroscopy
frame rate reduction in complex catheter
ablation procedures performed under a three-
dimensional electroanatomic mapping system
[5]. In this study, we analyzed radiation expo-
sure indices in our laboratory’s AP ablation
procedures. We have also analyzed the impact
of fluoroscopy frame rate reduction on radiation
exposure indices during these procedures.

The objectives of this study are: to quantify
radiation exposure in accessory pathway ab-
lation procedures; to analyze the radiation
exposure trend over time; and to evaluate the
effect of fluoroscopy frame rate reduction on
the radiation exposure indices in these pro-
cedures.

Methods

A retrospective analysis of accessory path-
way ablation procedures carried outin a tertiary
care referral institute in Southern India was
performed. The data were collected from
January 2016 to December 2019. The data
available were age, sex, location of successful
ablation, fluoroscopy time, and dose area
product (DAP).

Procedures without such data were exclu_
ded. Patients with multiple accessory pathways
were also excluded from the analysis. The
procedure time for catheter ablation procedures
was defined as the time from the administration
of a local anesthetic agent to removing ca-
theters from the patient’s body. Our institute
has an ongoing cardiac electrophysiology
fellowship program, and the fellows assist in all
the catheter ablation procedures performedin
our laboratory. Four physicians performed the
catheter ablation procedures with an experience
of 21, 11, 6, and 4 years in interventional

electrophysiology. All the catheter ablation
procedures were performed without three-
dimensional electroanatomic mapping. The
institute has an active EP fellowship program
running since 2009, and the fellows assist in all
the procedures performed in the laboratory.
The laboratory is equipped with the Philips
Allura Xper FD 10 system (Philips Healthcare,
the Netherlands), and all the procedures were
performed using the same system.

The fluoroscopy frame rate used in the
laboratory was 7.5 fps before February 2018.
From the beginning of February 2018, fluo-
roscopy at 3.75 fps have been used. The location
of the accessory pathways was determined by
the location of successful ablation in the left
anterior oblique (LAO) projection, as shown in
Figure 1.

The Effective Dose (ED, mSv) was estimated
from DAP provided by the X-ray system by
multiplying DAP with the following conversion
factors depending on the age of the patient:
5-10 years of age: 1.0; 10-15 years of age: 0.6;
15-20 years of age: 0.4; adult females: 0.28 and
adult males: 0.2. Lifetime attributable risk (LAR)
of cancer incidence and mortality was derived
from the ED by multiplying it with 0.0001/mSv
(the standardized BEIR VII conversion factor)
[5].

The data were summarized using standard
descriptive statistics and presented as the
arithmetic means with standard deviation (SD)
or median with interquartile range, as appro-
priate. Nonparametric statistical tests like the
Kruskal-Wallis test and the Mann-Whitney U
test were used to analyze the procedure time
and radiation exposure parameters over the
study period and the effect of fluoroscopy fra-

Mitral valve

Fig. 1. Location of accessory pathways as seen on a left ante-
rior oblique (LAO) projection.

HB: His Bundle; LAL: left anterolateral; LL: left lateral; LPL: left
posterolateral; LP: left posterior; LPS: left posteroseptal; RPS:
right posteroseptal; RP: right posterior; RPL: right posterolat-
eral; RL: right lateral; RAL: right anterolateral; RA: right ante-
rior; RAS/PH: right anteroseptal/para-Hisian; MS: midseptal.
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me rate over various parameters, respectively.
The level of significance was fixed at p<0.05.

Institutional ethical committee approval
was not applied for this retrospective analysis.
Informed consent was obtained from all pa-
tients before the procedures, which included
the clause that their data could be used for
scientific purposes in the future.

Statistical Package for the Social Sciences
(SPSS), version 20, was used to perform sta-
tistical analysis.

Results

Six hundred and thirty-five pathway ablation
procedures were included in the analysis. The
mean age of the patients was 39+14 years. The
mean age of male patients (n=401; 63% of the
total) was 39+13 years, and female patients
(n=234; 37% of the total) were 40+14 years.

The location of the accessory pathways and
the associated procedure time and radiation
indices are presented in Table 1. The number
of the pathways ablated from the left side was

372 (58.6%), and that from the right were 263
(41.4%). The most common location of the
ablated pathways was left lateral, which was
38.4 % of all the pathways, and the second most
common location was right posteroseptal,
which was 27.2% of all the pathways. The least
common location of accessory pathways was
mid septal (0.3%) followed by right anterolateral
(0.5%) and right anterior (0.5%) locations.

Trends in various indices over the study
period are shown in Table 2. 15% (96) of all the
procedures were performed in 2016. In the
years 2017, 2018, and 2019 the proportion of
the procedures performed was 23% (149), 31%
(196), and 31% (194), respectively.

Trends in the indices before (pre group) and
after (post group) the change in fluoroscopy
frame rate are shown in Table 3. 41% of the
procedures (n=260) were performed under
fluoroscopy frame rate of 7.5 fps, and 59% of
the procedures (n=375) were performed under
fluoroscopy frame rate of 3.75 fps.

Discussion

Table 1. Procedure time and radiation indices based on the successful location of ablation
on fluoroscopy in left anterior oblique projection

Procedure | Fluorosco DAP ED LAR,

Pathways No. (%) Time (min) | Time (mir?)y (cGy/cm?) (mSv) %

LAL 18 (2.8) 55 (45-98) 10 (8-14) 538 (313-706) | 1.1(0.8-1.5) | 0.01 (0.008-0.02)
LL 244 (38.4) | 55 (45-75) 11(8-17) 796 (480-1343) | 1.8(1.1-3.1) | 0.02 (0.01-0.03)
LPL 34 (5.4) 55 (44-81) 12 (7-17) 787 (483-1884) | 1.9(1.0-4.1) | 0.02 (0.01-0.04)
LP 22 (3.5) 58 (48-66) 13(7-19) 1014 (456-1570) | 2.3 (1.1-3.5) | 0.02(0.01-0.03)
LPS 54 (8.5) | 80(55-106) | 20(10-29) |1637(795-2384)| 3.6(1.8-5.3) | 0.04 (0.02-0.05)
RPS 173 (27.2) | 60 (43-90) 13 (8-19) 988 (465-1609) | 2.1(1.1-3.6) | 0.02 (0.01-0.04)
RP 12 (1.9) 60 (36-94) 15 (7-26) 1372 (411-3420) | 2.7 (0.8-8.2) | 0.03(0.01-0.08)
RPL 24 (3.8) | 69 (55-100) 19 (11-26) | 1220 (738-2448) | 3.5(1.8-5.5) | 0.04 (0.02-0.06)
RL 27 (4.3) | 90(70-120) | 27 (15-43) | 1534 (848-2529) | 3.6 (1.7-7.5) | 0.04 (0.02-0.08)
RAL 3(0.5) 105 (45-105) | 17 (11-17) 701 (288-701) | 2.8(0.6-2.8) | 0.03(0.005-0.3)
RA 3(0.5) 65 (60-65) 21(18-21) | 1596 (723-1596) | 4.4 (1.5-4.4) | 0.04(0.01-0.4)
AS/PH 19 (3.0) 65 (46-80) 15(7-18) 555 (441-862) | 1.2(0.9-2.3) | 0.01(0.01-0.02)
MS 2(0.3) 100 (45-100) | 21(7-21) 1549 (377-1549) | 3.1(0.8-3.1) | 0.01 (0.007-0.01
Total 635 (100.0) | 60 (45-90) 13 (8-19) 889 (488-1660) | 2.1(1.1-3.7) | 0.02 (0.01-0.04)

Notes: LAL: left anterolateral; LL: left lateral; LPL: left posterolateral; LP: left posterior; LPS: left posteroseptal; RPS: right pos-
teroseptal; RP: right posterior; RPL: right posterolateral; RL: right lateral; RAL: right anterolateral; RA: right anterior; RAS/PH:

Lé right anteroseptal/para-Hisian; HB: His bundle; MS: midseptal.

g Table 2. Change in procedure time and radiation indices over the study period

A

“EJ Year | Number t';;‘;“?:#g; E:ﬁq";‘(’;ﬁ‘;g’ DAP (cGy/cm?) | ED (mSv) LAR, %

—] 2016 96 75 (51-94) 19 (11-25) [1254(751-2527)| 3.1(1.6-5.8) | 0.03(0.02-0.06)
<Z‘: 2017 149 75 (60-110) 17 (12-30) [1604 (789-2713)| 3.5(1.8-5.7) | 0.04 (0.02-0.06)
~ 2018 196 60 (45-80) 12 (9-17) 798 (445-1284) | 1.8(1.0-3.1) | 0.02(0.01-0.03)
E 2019 194 50 (40-65) 9(6-12) 596 (335-1079) | 1.4 (0.8-2.4) | 0.01(0.008-0.02)
E p-value <0.001 <0.001 <0.001 <0.001 <0.001
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Table 3. Impact of fluoroscopy frame rate change on procedure time and radiation indices.
Pre-group: procedures performed at 7.5 fps; post-group: procedures performed at 3.75 fps

Number Procedgre time F!uorosc.opy DAP ED LAR,
(mins) time (mins) (cGy/cm?) (mSv) %
Pre 260 75 (55-104) 18 (12-27) 1432 (780-2564) | 3.2(1.8-5.7) | 0.03(0.02-0.06)
Post 375 55 (40-75) 10 (7-15) 698 (392-1176) | 1.6(0.9-2.7) | 0.02(0.01-0.03)
p-value <0.001 <0.001 <0.001 <0.001 <0.001

The main findings of our study are:

a. There was a significant increase in the
number of catheter ablation procedures
performed in our laboratory over the study
period.

b. The procedure time and the radiation
indices (fluoroscopy time, DAP, ED, and LAR)
significantly decreased over the study period
(p<0.001 for all the parameters).

. The trend of a significant decrease in pro-
cedure time and radiation exposure continued
when the data were divided into two groups
based on the fluoroscopy frame rate (p<0.001
for all the parameters).

The radiation indices reported in different
studies of catheter ablation procedures are pre-
sented in Table 4. The radiation indices reported
are comparable to that of the published data.

Injury caused by exposure to ionizing ra-
diation can be classified into two groups: a) the
deterministic effects and b) the stochastic
effects. Deterministic effects are dose-depen-
dent (e.g., cataracts and skin injuries). A
threshold radiation dose is a radiation dose

below which the deterministic effects are not
produced.

On the other hand, even a tiny radiation
dose involves an increased risk of stochastic
effects (e.g., cancer), and the chances of
suffering that effect are directly proportional
to the radiation dose.

As no radiation dose is safe, the policy of
maintaining radiation exposure level is depen-
dent on the “as low as reasonably achievable”
(ALARA) principle. [4]

Some of the factors that influence the
extent of ionizing radiation exposure in a
cardiac EP laboratory are:

1) Operator dependent: a) experience of
the operators, b) training of operators with
simulators, c) radiation awareness of the staff,
d) C-arm projection used during the procedure,
e) fluoroscopy frame rate, f) cine duration,
g) cine substitution by stored fluoroscopy,
h) fluoroscopy use during catheter removal
from the body, i) collimation of the X-ray
system, j) pelvic radiation, k) written report of
the patient’s radiation exposure during the
procedure.

Table 4. Reported radiation exposure in catheter ablation of supraventricular tachycardias (SVT).
Adapted from [9]

Study Type of study N:;Tt]izi;:f E:umoer(()rs;wcicr)\g DAP (cGy/cm?) Effec(m/SeVI)Dose
Smith IR et al. | Retrospective AVNRT 270 2.1(1.3-4.5) 260 (170-610) -
[10] AVRT 135 23.8 (13.4-45.3)| 2690 (1600-5410)
Rogers DP Observational Pre DRM 147 - 2040+2690 33
etal. [7] (AVNRT/AVRT)
Post DRM 257 800+1030 1.24
(AVNRT/AVRT)
Heidbuchel H | EHRA practical - - - 4.4 (1.6-25) |
et al. [4] guide E
CasellaM Multicentre Pre DRM 128 14.32 (9.08- 2036 (54-5297) |8.87(3.67-22.01) ©
etal. [6] randomized Post DRM 134 22.43) 278 (80-791) 0 (0-0.08) A
0(0-0.2) DEJ
See] et al. Observational | Pre DRM AVRT 55 49.0 £ 36.3 3292 +3282.7 -
[11] Post DRM AVRT 44 14.1+13.4 654.4 + 645.5 é
CasellaM Retrospective 979 (SVT) 13(6-21) 1721(727-3884) 4.1(1.8-9.1) Z
etal. [9] ~
Our data Retrospective Pre 260 18 (12-27) 1432 (780-2564) 3.2 (1.8-5.7) L;]
Post 375 10 (7-15) 698 (392-1176) 1.6 (0.9-2.7) E
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2) Patient dependent: a) body habitus of the
patient, b) arrhythmic lesion to be ablated.

3) Technology dependent: a) X-ray system,
b) combination with computed tomography
(CT), c) three-dimensional electroanatomic
mapping systems, d) shielding of the laboratory
personnel. [4]

The factors that lead to decreased radiation
exposure in the cardiac EP laboratory are:

1) Operator dependent: a) expert operators,
b) operators who have been trained with
simulators, c) radiation aware staff, d) predo-
minant usage of right anterior oblique C-arm
projection than an anteroposterior of left
anterior oblique projection, e) low frame rate
of fluoroscopy (<6 fps), f) short cine duration,
g) frequent cine substitution by stored fluo-
roscopy, h) catheter withdrawal from the body
without using fluoroscopy, i) optimized and
adapted collimation, j) avoidance of pelvic
radiation, k) a written report of the patient’s
radiation exposure that includes air kerma or
dose area product received during the pro-
cedure.

2) Patient dependent: lean body habitus of
the patients, supraventricular tachycardia
ablation than atrial fibrillation ablation or
ventricular tachycardia ablation,

3) Technology dependent: cardiac EP tuned
X-ray system which has been adequately
maintained and inspected for quality control,
no preprocedural or rotational computed
tomography, the predominant use of three-
dimensional electroanatomic mapping systems,
proper shielding which includes above and
below the table or cabin shielding [4].

One of the most efficient ways to decrease
radiation exposure during the ablation of
accessory pathways is to perform these
procedures with the help of three-dimensional
electroanatomic mapping, which has been
shown to decrease radiation exposure in such
procedures significantly.

No-Party trial was the first multicentre,
prospective, randomized trial that compared
conventional fluoroscopy-guided catheter
ablation procedures with procedures performed
using the three-dimensional electroanatomic
mapping system in the patients undergoing EP
study for supraventricular tachycardias, 36% of
whom were AP ablation procedures [6]. In this
trial, three-dimensional electroanatomic
mapping significantly reduced fluoroscopy time
and ED (0 seconds and 0 mSv) when compared
to the procedures performed under fluoroscopic
guidance (859 seconds and 8.87 mSv) (p<0.00001).

But the use of three-dimensional electro-
anatomic mapping systems is restricted due to
various logistic reasons (availability, lack of
expertise); we need to find alternative ways to
decrease radiation exposure during catheter
ablation procedures [4].

Rogers AJ et al. conducted a study to
evaluate the effect of radiation dose-reduction
maneuver on the radiation exposure in EP
laboratory. Atrioventricular nodal reentrant and
AP-mediated tachycardia was 64% of catheter
ablation procedures. They showed that with the
simple maneuver of removing a secondary
radiation grid to improve image quality and
reducing the fluoroscopy pulse rate from 12.5
t0 6.25 pulses/second, a radiation dose reduced
from 20.4 to 8.0 Gycm?. Additionally, the risk of
radiation-related fatal malignancy was reduced
by 63 due to the implementation of the
maneuver. This study showed the importance
of selecting electrophysiology laboratory
parameters in reducing radiation exposure
during catheter ablation procedures [7].

Voskoboinik A et al. conducted a prospective
study to analyze the trends in radiation
exposure during AF ablation at a single center
over 12 years. A significant and progressive
decrease in the fluoroscopy time and ED was
observed over time. The significant decrease in
the patient and operator radiation exposure
was attributed toincreased operator experience,
higher annual case volume, technology
evolution over time, and recent use of contact
force-sensing catheters. [8]

More recently, Casella M et al. have reported
fluoroscopy data from their retrospective
analysis of various EP and device implantation
procedures at a large volume laboratory over
7 years. Fluoroscopy time, DAP, and ED showed
a statistically significant reduction trend for all
EP procedures. Based on the obtained results,
it was proposed that a combination of operator
awareness about the fluoroscopy-associated
risk and technological advancement can be
used for optimizing the use of fluoroscopy in
EP procedures [9].

One of the significant limitations of this
study, other than being a retrospective
analysis, is that one can argue that a significant
decrease in the procedure duration can solely
explain the changes in the radiation exposure
in the procedure time, which is also reflected
in the decrease in the fluoroscopy time. If there
is a significant decrease in the procedure time,
the radiation exposure will automatically
decrease.

N
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Some of the other limitations of this study
are that data regarding some of the other
factors thatinfluence radiation exposure during
procedures (e.g., body mass index of the
patients, cine exposure duration during the
procedures) performed under fluoroscopy was
notavailable. This studyis based on retrospective
data collected from a single center, and the
results cannot be generalized to other centers.
As already alluded to, radiation exposure also
depends on the individual expertise of
operators, but data regarding the radiation
exposure of individual operators was not
available.

We propose that in our study, the decrease
in the radiation indices is not solely because of
the reduction in fluoroscopy frame rate but
because of other factors, too, one being a more
than 200% increase in the yearly number of
ablation procedures performed over the study
period. Any modern electrophysiology labo-
ratory will face the same scenario.

Conclusions

A reduction in the fluoroscopy frame rate
and improvement in the electrophysiology
laboratory workflow leads to a significant
decrease in the radiation exposure during
catheter ablation procedures of accessory
pathway-mediated tachycardias.
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IOHI3VIOYE OIIPOMIHEHHA ITPA PA,Z[IO‘-IACT._OTHII‘/'I ABJIAITIT AOJATKOBHUX
IUUIAXIB ITPOBEAEHHSA V EJTEKTPO®I3IOJIOITI CEPIIA: PETPOCIIEKTUBHHUU

AHAJII3

*M. Ali'?, B. Banavalikar', M.K. Ghadei', A. Kottayan’, D. Padmanabhan’, J. Shenthar’
1 - DEPARTMENT OF CARDIAC ELECTROPHYSIOLOGY, SRI JAYADEVA INSTITUTE OF CARDIOVASCULAR SCIENCES

AND RESEARCH, BANGALORE, INDIA

2 - DEPARTMENT OF CARDIOLOGY, SHER-I-KASHMIR INSTITUTE OF MEDICAL SCIENCES, SRINAGAR,

KASHMIR, INDIA

BcTyn. PadiouacmomHa kamemepHa abasyis (KA) Memod eubopy nikyeaHHs y nayieHmie 3 maxikapdieto,

dodamkosumu wiaaxamu (4LL). binswicme makux npoyedyp npo8oouUMsCs nid GH0POCKONIYHUM HO2AA00M,
wo npu3godums 00 3HAYHO20 ONPOMIHEeHHS NAYieHMa ma nepcoHasny Aabopamopii. ¥ ybomy aHanizi Mu
po3enaHynu padiayiliHe onpomiHeHHSA 8 npoyedypax KAALL, sBuKoHAHUX 6e3 nidMpPUMKU mpusuUMIpHOI cucmemu
e1eKmpoaHamoMiyHo20 8idobpaxceHHs. Mu npoaHanizyeanu 3MiHU NOKA3HUKI8 ekcno3uyii 3a nepiod
docnidxieHHA ma 8naug 3MiHU yacmomu kaodpie ¢aroopockonii (FFR).

MeTa. Memoto yb020 docnioxceHHS € (1) KinbkicHa oyiHKa padiayiliHo2o onpoMiHeHHs 8 npoyedypax abasyii
dodamkosux wisxis, (2) aHaniz meHOeHYii padiayiliHo2o onpomMiHeHHA 3 Yacom ma (3) OYiHKa 8NaAUBY 3MEHWEHHS
yacmomu kaopie ¢nr0pOoCKoNii Ha NOKA3HUKU padiayiliHo2o onpoMiHeHHs nid Yac yiei npoyedypu.

MeTogu. Mu pempocnekmugHo npoaHaniyeanu eci npoyedypu abaayii AlL, npoeedeHi 8 Hawomy
iHcmumymi 3 ciyHs 2016 poky no 2pydeHs 2019 poky. 3i6paHi 0aHi: 8ik, cmams, micye pozmawysaHHA AL Ha
0CHO8I ycniwHo20 micys abaayii Ha ¢aroopockonii, 4ac npoyedypu, Yac gaopockonii ma iHAekc 0o3a onpo-
MiHeHHs 8i0HOCHO nnowji (DAP). EpekmueHy 003y (E/]) oyiHrosanu 3a DAP. laHi npoyedyp, hpogedeHux 00 CiYHSA
2018 p. (epyna “/lo”), nopigHroganucs i3 daHUMU npoyedyp, hposedeHUX nicas yiei damu (epyna “llicas”).
Mpoyedypu 2pynu “/Jo” sukoHysanuce i3 Yyacmomotro FFR 7,5 kadpie e cekyHOy (fps), a npoyedypu 2pynu “Tlicaa” -
3 yacmomoro FFR 3,75 fps.

PesynbTaTwu. 302016H0a Kinbkicmb npoyedyp, 8kAOYeHUX 00 aHaANi3y, cmaHosuaa 635. CepedHil eik
nayieHmie cmaHosue 39+14 pockis, i 401 3 Hux (63%) 6yau 4Yonosikamu. Halivacmiwe 3ycmpivyanucs nieo-
namepansHi 4L (38%). [TokasHUKU mpusanocmi npoyedypu ma onpoMiHeHHS 3MeHWUAUCA NPOMsA20M nepiody
docnioxnceHHs (p<0,001). [poyedypu epynu “Tlicas” Manu 3Ha4Ho Kopomuwuli Yac nposedeHHs KA ma meHwul
padiayitiHuli enaus, HiX npoyedypu epynu “/o”.

BUCHOBKW. 3MeHweHHs FFR 6ysn0 nog's3aHe 3i 3HAYHUM 3MeHWeHHAM padiayiliHo2o onpoMiHeHHs 8
npoyedypax abasayii ALLI.

KJ/TKOYOBI CJ/IOBA: f0AaTKOBI LUNSIXW NPOBEAEHHSA; KaTeTepHa abnsuifa; 4o3yBaHHA ONPOMiHEHHS;
yac ¢nroopockonii; pagiauiiHe onpomMiHeHHs.

INTERNAL MEDICINE

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1 M. Ali et al.

w

3



INTERNAL MEDICINE

Information about the authors

Muzaffar Ali MD, DM: Department of Cardiac Electrophysiology, Sri Jayadeva Institute of Cardiovascular

Sciences and Research, Bangalore, India.

ORCID 0000-0002-3489-5864, email: dralmuzaffar@gmail.com

Bharatraj Banavalikar MD, DM: Department of Cardiac Electrophysiology, Sri Jayadeva Institute of
Cardiovascular Sciences and Research, Bangalore, India.

ORCID 0000-0003-1116-3967, email: bharatrajnb@gmail.com

Milan Kumar Ghadei MD, DM: Department of Cardiac Electrophysiology, Sri Jayadeva Institute of
Cardiovascular Sciences and Research, Bangalore, India. dr.milan80@gmail.com

Anju Kottayan BSc: Department of Cardiac Electrophysiology, SriJayadeva Institute of Cardiovascular
Sciences and Research, Bangalore, India. anjukottayan@gmail.com

Deepak Padmanabhan MD, DM: Department of Cardiac Electrophysiology, Sri Jayadeva Institute of
Cardiovascular Sciences and Research, Bangalore, India.

ORCID 0000-0002-9127-9275, email: deepak.padmanabhan@gmail.com

Jayaprakash Shenthar MD, DM, FACC, FRCP (Lond): Department of Cardiac Electrophysiology, Sri
Jayadeva Institute of Cardiovascular Sciences and Research, Bangalore, India.

ORCID 0000-0003-4509-7515, email: jpsbhat@gmail.com

References

1. Borggrefe M, Budde T, Podczeck A, Breithardt
G. High frequency alternating current ablation of an
accessory pathway in humans. 10:7. DOL: 10.1016/
s0735-1097(87)80200-0

2.PageRL,Jogler A, Caldwell MA. 2015 ACC/AHA/
HRS guideline for the management of adult patients
with supraventricular tachycardia. Heart Rhythm.
2015;13(4):86. DOI: 10.1016/j.hrthm.2015.09.019

3. Katritsis DG, Arbelo E, Arribas F. The Task Force
for the management of patients with supraventricular
tachycardia of the European Society of Cardiology
(ESC). Eur Heart J. 41(2020):655-720. DOIL: 10.1093/
eurheartj/ehz467

4. Heidbuchel H, Wittkampf FHM, Vano E, Ernst S,
Schilling R, Picano E, et al. Practical ways to reduce
radiation dose for patients and staff during device
implantations and electrophysiological procedures.
EP Eur. 2014 Jul 1;16(7):946-64. DOI: 10.1093/
europace/eut409

5. AliM, Padmanabhan D, Kanjwal K, Ghadei MK,
Kottayan A, Banavalikar B, et al. Effect of fluoroscopy
frame rate on radiation exposure and in-hospital
outcomes in three-dimensional electroanatomic
mapping guided procedures. J Arrhythmia.
2021;37:97-102. DOL: 10.1002/joa3.12496

6. Casella M, Dello Russo A, Pelargonio G, Del
Greco M, Zingarini G, Piacenti M, et al. near zero
fluoroscopic exposure during catheter ablation of
supraventricular arrhythmias: the no-party multi-
centre randomized trial. Europace. 2016 Oct;18(10):
1565-72. DOI: 10.1093/europace/euv344

7. Rogers DPS, England F, Lozhkin K, Lowe MD,
Lambiase PD, Chow AWC. Improving safety in the
electrophysiology laboratory using a simple radiation
dose reduction strategy: a study of 1007 radio-
frequency ablation procedures. Heart. 2011 Mar
1,97(5):366-70. DOL: 10.1136/hrt.2010.204222

8. Voskoboinik A, Kalman ES, Savicky Y, Sparks PB,
Morton JB, Lee G, et al. Reduction in radiation dose
for atrial fibrillation ablation over time: A 12-year
single-center experience of 2344 patients. Heart
Rhythm. 2017 Jun;14(6):810-6. DOI: 10.1016/j.
hrthm.2017.02.014

9. Casella M, Dello Russo A, Russo E, Catto V,
Pizzamiglio F, Zucchetti M, et al. X-Ray Exposure in
Cardiac Electrophysiology: A Retrospective Analysis
in 8150 Patients Over 7 Years of Activity in a Modern,
Large-Volume Laboratory. ] Am Heart Assoc. 2018
Jun 5;7(11). DOI: 10.1161/JAHA.117.008233

10. Smith IR, Rivers JT, Hayes J, Stafford W,
Codd C. Reassessment of Radiation Risks from
Electrophysiology Procedures Compared to Coronary
Angiography. Heart Lung Circ. 2009 Jun;18(3):191-9.
DOI: 10.1016/j.h1c.2008.10.006

11. See J, Amora J, Lee S, Lim P, Teo W, Tan B,
et al. Non-fluoroscopic navigation systems for
radiofrequency catheter ablation for supraventricular
tachycardia reduce ionising radiation exposure.
Singapore Med J. 2016 Jul;57(07):390-5. DOI:
10.11622/smedj.2016017

This is open access article distributed under the Creative Com-
mons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the
original work is properly cited.

~

M. Ali et al.

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1



International Journal of Medicine and Medical Research
2021, Volume 7, Issue 1, p. 35-41
copyright © 2021, TNMU, All Rights Reserved

DOI 10.11603/ijmmr.2413-6077.2021.1.12251

MAIN INDICATORS OF THE OXIDANT-ANTIOXIDANT SYSTEM

AND THEIR RELATIONSHIP WITH THE FORCE OF THE RESPIRATORY
MUSCLES IN ADULT PATIENTS WITH COMMUNITY-ACQUIRED
PNEUMONIA

*V.I. Bereznyakov
KHARKIV MEDICAL ACADEMY OF POSTGRADUATE EDUCATION, KHARKIV, UKRAINE

Background. Currently, pneumonia is the 4*-5" in the world in the structure of death causes after
cardiovascular and cancer diseases, cerebrovascular pathology, injuries and poisonings.

Objective. The aim of the study was to evaluate the indicators of the oxidative-antioxidant system and their
relationship with the strength of the respiratory muscles in adult patients with community-acquired pneumonia.

Methods. The study was carried out in the period 2017-2020 at the therapeutic department of the Municipal
Non-Profit Enterprise “City Clinical Multidisciplinary Hospital No. 25" of Kharkiv City Council. The study involved
52 adult patients with community-acquired pneumonia (CAP) aged 18 to 80 years old. The control group consisted
of 20 apparently healthy humans. The activity of malondialdehyde, catalase and superoxide dismutase, level of
reduced glutathione, glutathione reductase and glutathione peroxidase were determined. The assessment of the
RM strength was investigated by recording the maximum static pressures at the level of the mouth and nose with
“closed” airways using a MicroRPM apparatus on the 1t and 10% days of illness.

Results. Dysfunction of expiratory respiratory muscles prevailed in patients with non-severe CAP, and
inspiratory respiratory muscles - in the patients with severe CAP. Significant negative correlations of
malondialdehyde with indicators of respiratory muscles strength and positive correlations with glutathione

reductase, glutathione peroxidase, catalase, and superoxide dismutase were established.
Conclusions. The relations between prooxidant and antioxidant indicators and respiratory muscles strength
complements the concept of the body systemic response on pulmonary inflammation - one of the markers of

respiratory muscles dysfunction.

KEYWORDS: community-acquired pneumonia; respiratory muscles; oxidative-antioxidant system.

Introduction

Community-acquired pneumonia (CAP) is
still one of the most urgent issues of
contemporary medicine. CAP leads to a steadily
high and growing morbidity. According to the
WHO data in recent years, lower respiratory
tract infections have become the third leading
cause of death in the world, and over the past
30 years, the incidence rate has risen [1]. The
mortality rate in hospitalized patients with a
severe form of the disease varies from 14 to
40 % and significantly increases among patients
over 60 years old [2]. According to the literature,
the number of disease forms with severe or
protracted course is increasing with frequent
complications of pneumonia such as abscess
formation, acute respiratory failure, infectious
toxic shock, etc. [3, 4, 5]. In each 3-4 patients

*Corresponding author: Vladyslav Bereznyakov, PhD, Associate
Professor, Kharkiv Medical Academy of Postgraduate Educa-
tion, Kharkiv, 61037 Ukraine.

Email: vladyslavbereznyakov@gmail.com

with CAP, the disease has a protracted course
[1,6,7].

That is why study continues for clarifying
individual relations in the pathogenesis of CAP,
improving programs for its diagnosis and
therapy. One of the leading factors in the
pathogenesis of CAP is the excessive production
of reactive oxygen intermediates (ROI), which
is associated with bacterial or viral-bacterial
aggression and insufficiency of the compen-
satory potential of antioxidant defence (AOD).
An imbalance in the oxidative-antioxidant
system is one of the key factors in the deve-
lopment of oxidative stress (OS), which plays
animportantrole in the implementation of the
molecular-cellular mechanisms of the patho-
genesis of respiratory diseases [8, 9]. Free
radical processes are typical general biological
protective reactions of the body, normally
providing energy metabolism, proliferation,
differentiation of cells, gene expression, im-
mune and adaptive responses, etc. [10]. At the
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same time, excessive ROI initiates lipid pero-
xidation (LPO) with subsequent damage of
cellular membranes, uncoupling oxidative
phosphorylation, formation of energy insuf-
ficiency, disturbance of enzymatic activity of the
detoxification systems [11, 12, 13]. Some studies
have established that OS is the most important
component of endogenous intoxication - an
obligate manifestation of CAP, which has a
significant effect on its clinical course. In the
pathogenesis of CAP the glutathione redox
system (enzymes form thioredoxin and glu-
taredoxin-dependent complexes) play a special
role that maintain intracellular homeostasis,
which resists the destructive effects of oxidative
stress factors [12]. It has been proven that low
glutathione intracellular concentration con-
tributes toimbalance between prooxidants and
antioxidants in the lungs, aggravation of
inflammatory reactions and complications
development.

Also, one of the most important issues in
the pathogenesis of CAP, is dysfunction of the
respiratory muscles (RM). Formation of RM
dysfunction at CAP is characterized by the effect
of local (alveolar inflammation) and systemic
(endogenous intoxication) factors on muscle
contraction [2, 12]. It is assumed that these
changes are caused by the destabilization of
cellmembranes, decrease in the rate of myopo-
tential conduction and violation of the po-
tassium and calcium intracellular transport,
which provide muscle contraction [11, 13]. At
the same time, there is no data in the scientific
literature about influence of free radical pro-
cesses on the functional status of RM in patients
with CAP.

The aim of the study was to evaluate the
indicators of the oxidative-antioxidant system
and their relationship with the strength of the
respiratory muscles in adult patients with
community-acquired pneumonia.

Methods

The study involved 52 patients with CAP
aged 20-60 years (mean age 36.5+10.3), who
were treated in the therapeutic department of
the Municipal non-profit enterprise “City
Clinical Multidisciplinary Hospital No. 25" of
Kharkiv City Council in 2017-2020. Diagnosis of
CAP was based on the results of clinical,
radiological, microbiological and laboratory
studies. Non-severe CAP (NCAP) was diagnosed
in 56 (72%) patients, severe CAP (SCAP) - in 22
(28%). Unilateral subsegmental inflammatory
infiltration of the lung tissue was recorded in

patients with NCAP, and SCAP was characterized
by the presence in one or both lungs of
multisegmental, lobar, or bilobar infiltrates. The
etiological structure of CAP is mainly represented
by Streptococcus pneumonia - 57.4%, Haemo-
philus influenza - 23.4%, Mycoplasma pneumo-
nia - 13.4%, Chlamydophila pneumonia - 5.8%.
The patients were treated according to the
Recommendations of the International Society
of Pulmonologists and the F.H. Yanovskyi Na-
tional Institute of Phthisiology and Pulmonology
(Kyiv, 2019). The average hospitalization period
was 10.80+0.67 days. All the patients signed
informed consent.

The control group involved 45 apparently
healthy humans (AHH) of the same age (mean
age 39.5+12.5).

The intensification of LPO processes was
determined by the level of the final product -
malondialdehyde (MDA) in erythrocytes [14].
The total antioxidant activity (AOA) was
assessed by the integral indexin blood plasma.
The intensity of the first line of AOD was
investigated by the activity of the enzymes
catalase and superoxide dismutase (SOD).
Catalase activity was determined by the rate of
utilization of hydrogen peroxide in the reaction
mixture [15], and SOD in erythrocytes - by the
ability to suppress the reduction of nitro blue
tetrazolium. The state of the redox system was
studied by the level of reduced glutathione
(RG), the activity of glutathione reductase (GR),
and glutathione peroxidase (GPO) in whole
blood [16].

The assessment of the RM strength was
carried out by recording the maximum static
pressures at the level of the mouth and nose
with “closed” airways using a MicroRPM
apparatus (CareFusion, Great Britain) on the 15t
and 10" days of illness. The maximum inspi-
ratory pressure (MIP), maximum expiratory
pressure (MEP) and sniff nasal inspiratory
pressure (SNIP) were evaluated. MIP and SNIP
characterized the strength of the inspiratory
muscles, and MEP - the expiratory muscles. The
correlation of SNIP with the level of transhiatal
pressure can refer it to the indicators of the
functional activity of the diaphragm. The
maximum rate of expiratory and inspiratory
pressures rises in the oral cavity (maximal rate
of pressure development - MRPD__ and
MRPD, _) was assessed using the additional
software PUMA (Micro Medical, UK). The RM
strength was assessed in the sitting position
after 3-fold execution of respiratory movements
with the fixation of maximum result. The
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required values (RV) for MEP, MIP, SNIP were
calculated using a previously developed model
[17].

To analyse the statistical significance of
differences between the groups, statistical
processing of the research results was carried
out depending on the distribution origin of the
data as follows: if the distribution was close to
normal, the analysis was performed using the
methods of variation statistics, the Statistica 8.0
software package - the statistical two-way
ANOVA method (Fisher LCD post-hoc test). If it
was significantly different from normal, the
differences between the groups were deter-
mined using the Kruskal-Wallis ANOVA and
median test method. Correlation analysis was
carried out in the same Statistica 8.0 package
by means of parametric and nonparametric
methods depending on the type of distribution.
The statistical significance of the differences
between the indicators of the control and
experimental groups was determined by the
Student’s and Kruskal-Wallis’s criteria using the
Excel program. The level of p<0.05 was
statistically significant [18].

Results

Group 1 involved 36 (69.2%) patients with
NCAP. Their metabolic profile was characterized
by minimal violations of the oxidative-antioxi-
dant balance. The patients of this group showed
slight decrease of RG and moderate increase
of redox system RG-GPO and GR enzymes at
normal values of SOD and catalase (Table 1).

The analysed indicators showed adequate
response to antioxidant protection, which
ensured the neutralization of ROI and LPO
products, which was confirmed by normal MDA
values in erythrocytes.

Among these patients, the absolute values
of the strength indices of expiratory RM were

significantly lower in the group of AHH (MEP -
on 54.6%), and the limitation of their inspiratory
function was less evident (MIP - on 17%, SNIP -
on 7%) (Fig. 1, 2). In this case, the ratio of
measured and RM was 78% for MEP and 88%
for MIP and SNIP, which indicated a predo-
minantly expiratory variant of RM dysfunction.

Group 2 involved 16 (30.8%) patients with
SCAP, whose indicators were characterized by
the most significant imbalance, as evidenced
by significant increase of MDA level (by 29%)
against the background of decrease in AOA (by
18%) and catalase (by 59%).

The inhibition of the RG redox system was
expressed by decrease in the concentration of
RG in the blood (by 48%) and decrease in GPO
(in 1.7 times compare to the AHH). At the same
time, compensatory increase in the content of
GR (by 11%) and SOD (by 45%) did not ensure
the restoration of oxidative-antioxidant homeo-
stasis.

The study of the RM functional state in the
patients of group 2 showed that with increase
of the CAP severity and imbalance in the
oxidative-antioxidant system, the degree of
their strength signs deviation from the level of
AHH significantly increased and reached the
maximum level. In this case, the indicators of
MEP and MRPD_,in relation to the AHH group
decreased in 2.0 times, SNIP -in 1.5, and MIP -
in 1.75 times, which indicated about deve-
lopment of pronounced expiratory-inspiratory
type RM dysfunction. The obtained results
confirmed that the power of inspiratory RM was
more evidence limited in SCAP with a significant
weakening of functional activity of the
diaphragm.

The analysis of paired correlations showed
that at the height of disease, there were
multidirectional relations of varying intensity
between the indicators of RM strength and

Table 1. Oxidative-antioxidant indicators of patients with CAP in various groups, ME (95% CI)

Indicators Apparently healthy Patients with CAP (n=52)

humans (n=45) Group 1 Group 2 (0
MDA, umol/1gHb 716,9; 71,0] 7,31[7.1; 7,6] 9[8,9; 9,2]* E
AOA, % 70,3 [68; 72,0] 68,6 [66,2; 70,1] 59,4 [57,5; 61,8]* E
MDA/AOA, c.u. 0,14 [0,13; 0,16] 0,13[0,11; 0,15] 0,16 [0,15; 0,17]* A
RG, mol/1gHb 6,7 [6,4; 7,1] 5,8 [5,6; 6,0] 4,5[4,2; 4,8]* E
GPO, pmol RG/1gHb/hour 128 [127; 133] 149 [142; 155]* 74 [71,5; 76]* 3
GR, umol NADPH/1gHb/hour 154,3 [153,5; 156] 164 [158; 169]* 171,3 [160; 181]* <
Catalase, % 80 [75; 84] 77 [73; 81] 51,2 [48,6; 54]* é
SOD, % 54 [51; 58] 57,3 [56; 59] 78,3 [77; 80]* E
Notes: * - p<0,05 statistically significant difference compare to the apparently healthy humans. E
ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1 V.I. Bereznyakov | 37
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Fig. 1. Indicators of RM strength in patients with community-acquired pneumonia in various groups, ME 95% CI)
Notes: * - p<0.05 statistically significant difference compare to the apparently healthy humans.
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Fig. 2. Indicators of RM strength in patients with community-acquired pneumonia in various groups, ME (95% CI)
Notes: * - p<0.05 statistically significant difference compare to the apparently healthy humans.

some indicators of the oxidative-antioxidant
status. Thus, negative correlations of the
average strength of MDA with MEP (r=-0.56),
MDA with MRPD_ . (r=-0.53), MDA with SNIP
(r=-0.61) and MDA with MIP (r=-0.58) were
evidenced. Direct correlations were found
between the indicators MIP with GPO (r=0.76),
SNIP with catalase (r=0.65), SOD with SNIP
(r=0.51), GR with MEP (r=0.48). The obtained
result indicates about the heterogeneity of the
effect of prooxidant and antioxidant factors on
the functional status of RM and confirm their
role in the development of DM dysfunction.
On the 10* day, the patients of the group 1
showed tendency to restoration of the strength
indicators to the level of the AHH. At the same
time, only MIP, SNIP, and MRPD, _ indicators
reached the values of AHH group, while MEP
and MRPD_  significantly differed, which
indicated per5|st|ng signs of isolated expiratory

RM dysfunction. In the patients of the group 2
on the 10" day of studying, the medians of all
indicators of the RM strength were minimal
compare to other groups.

Discussion

Analysis of the scientific literature showed
that the role of DM in the pathogenesis of CAP
is not fully understood. It was noted, that
decrease in the peak expiratory flow rate at the
height of CAP is associated not with increase of
bronchial resistance to expiratory air flow, but
with DM dysfunction.

In the works of Geltser B.1. et al. (2019) the
pathophysiological significance of endogenous
intoxication in the development of DM dys-
function in alveolar inflammation has been
proven [12]. Its development in this case is
associated with the effect of systemic factors
of acute inflammation on DM, including pro-

oo
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ducts of oxidative stress, excessive proteolysis,
bacterial toxins, pro-inflammatory cytokines
and other inflammatory mediators that impair
the efficiency of respiratory myofibrils. In
previous study of Segizbaeva M. O, Aleksandro-
va N. P. (2014) it was found that in CAP, even
endogenous intoxication could cause limitation
of the contractile function of DM [13].

Inresistive respiration, intensely contracting
myocytes are able to transform into metabolic
bridgehead producing spectrum of proinflam-
matory cytokines. At the same time, breathing
resistance is considered as an “immune
challenge” to the body with excessive synthesis
of inflammatory mediators. It has been estab-
lished that DM fatigue can also develop in
healthy individuals with intense respiratory
muscle stress [12, 13].

It is established, that the deficiency of glu-
tathione enzymes contributes to damage of cell
membranes and macromolecules - proteins,
lipids, DNA and can determine the development
of extrapulmonary manifestations of alveolar
inflammation, including through damage to the
myofibrils of skeletal muscles [7].

The obtained results can identify pathophy-
siological determinants that combine changes
in the oxidative-antioxidant system and the RM
functional activity in CAP. This is an imbalance
in the LPO-AOD system, characterized by excess
lipoperoxides and hypofunction of the firstand
second lines of AOD. Deficiency of the key
intracellular antioxidant - glutathione, contri-
butes to increase in OS, which becomes as key
factor in the initiation of the molecular-cellular
mechanisms of alveolar inflammation and RM
dysfunction. Criteria for the severity of CAP in
most cases corresponded to the severity of
changes in the prooxidant and antioxidant
system. At the same time, the heterogeneity of
prooxidant processes among patients with
NCAP, who were included in the group 1, may

be due to individual typological characteristics
of the organism, including genetic [19]. The
important role of individual components of
LPO-AOD (MDA, GPO, GR, catalase, SOD) in the
development of expiratory and inspiratory RM
dysfunction was confirmed by the results of
correlation analysis. The presence of inter-
relations between prooxidants and antioxidants
and indicators of RM strength, complements
the concept of the body systemic response on
pulmonary inflammation - one of the markers
of RM dysfunction.

Conclusions

An imbalance in patients with community-
acquired pneumonia in the system of lipid
peroxidation and antioxidant defence, which is
characterized by overproduction of lipoperoxi-
dases and hypofunction of antioxidant defence
has been established. Increased oxidative
stress in patients with community-acquired
pneumonia causes deficiency of the key intra-
cellular antioxidant - glutathione. Glutathione
is key factor in the initiation of the molecular
and cellular mechanisms of alveolar inflam-
mation and respiratory muscles dysfunctionin
patients with community-acquired pneumonia.
The relations between prooxidant and anti-
oxidant indicators and the respiratory muscles
strength complements the concept of the body
systemicresponse on pulmonary inflammation -
one of the markers of respiratory muscles
dysfunction. The obtained results will optimize
the diagnosis of community-acquired pneumo-
nia and its severity.
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OCHOBHI IIOKA3HHKH OKCHUJIAHTHO-AHTUOKCHUJAAHTHOI CUCTEMHU
IIX BBAEMO3B'I30K 3 CHJIOIO INXAJIBHUX M'A3IB V JOPOC/INX XBOPHUX,
IO CTPAXKIAIOTH HA ITO3AJIIKAPHAHY ITHEBMOHIIO

B.I. bepe3HAaKkoB

XAPKIBCbKA MEAVYHA AKALEMIA MICASAMMIOMHOI OCBITY, XAPKIB, YKPAIHA

Bctyn. B 0aHuli yac nHeaMoHii 3aliMmarome 4-5 micye & csimi 8 cmpykmypi npu4yuH cmMmepmi nicas cepyeso-
CYOUHHUX | OHKO/102iYHUX 30X80PHBAHS, LepedposacKynapHOIi namoozii, mpasm i ompyeHs.

MeTa gocnifaKeHHs - oyiHUMU NOKA3HUKU OKCUOOHMHO-OHMUOKCUOGHMHOI cUCmeMu ma iX 830€M038'S30K
3 CUMOK OUXANLHUX M'A3i8 Y DOPOCAUX X8OPUX, WO CMPAXOAOMb HA NO3ANIKAPHAHY NHEBMOHIIO.
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MeToawn pocnipyxeHHs. JocnidxeHHA nposedeHo y nepiod 2017-2020 pp. Ha 6a3i mepaneemu4Ho20
8i00ineHHs KoMyHanbHo20 HekoMepyiliHo2o nionpuemcmea “Miceka KaiHiYHa 6a2amonpoinsHa nikapHs Ne 25"
Xapkiscokoi Micekoi padu. Y docnidxeHHI 6paau yyacme 52 dopocaux nayieHmis, wjo cmpaxcoanu Ha l171, gikom
18 0o 80 pokis. KoHmposasHy 2pyny cknadanu 20 npakmu4yHo 300posux Artodell. BUsHaYeHO aKmMueHicmes
Mas10H08020 duansoezidy, Kamaaa3u ma cynepokcudoUCMymasu, pigeHs 8i0HOB/NEHO20 2/1yMamMIoHy, a/y-
mamioHpedykma3zu ma 2aymamioHnepokcuoasu. OYiHKy cuau ouxansHUx M'a3ie 00Cnioxysanu WaAaxXom
peecmpayii MaKCuManbHUX CMamu4YHUX MUCKI8 HA Pi8HI NOPOXCHUHU pOMa ma HOCA NPU “3aKpuUMuXx” duxansHUX
winsxax 3a donomozoto anapamy MicroRPM Ha 1-y ma 10-y 006y 30X80pH8AHHS.

PesynbtaTu. JucyHKyis ekcnipamopHuUx OuxanbHUX M’A3i8 nepesaxcana y NAyieHmis 3 HemsMKor
dopmoro [1l1, a iHChipamopHUX JuxansHUX M'A3i8 - y nayieHmis 3 maxcoro gopmoro M1, byau ecmaHosneHi
He2amusHi Kopensyii Mixc pigHeM Mas0H08020 duab0e2idy ma NOKA3HUKAMU CUAU OUXA/Ab6HOI MycKyaamypu,
a0 MAKOXC NO3UMUBHI Kopeasayii - 3 21ymamioHpedykma3or, 21ymamioHNnepokcuoa3or, Kamanason ma

INTERNAL MEDICINE

CynepokcudouCMymasoro.

BUCHOBKW. Busig/ieHi 830€M038'A3KU MiXC NPO- | AHMUOKCUOAHMHUMU NOKA3HUKAMU i CUMOK OUXAAbHUX
M'A3i8 00NOBHIOIOMb YABAEHHSA NPO CUCMeEMHY peakyii op2aHi3My Ha fe2eHese 30NANeHHS, 00HUM 3 MOPKepoOM

AKOI € QUCPYHKYiA QUXANbHUX M'A3i8.

KJ/IFOYOBI CJTOBA: no3anikapHsiHa NHEBMOHIf; ANXalbHi M'131; OKCAAaHTHO-aHTNOKCUAAHTHA

cucTema.

Information about the authors

Vladyslav Bereznyakov, PhD, Associate Professor, Department of General Practice - Family Medicine,
Kharkiv Medical Academy of Postgraduate Education, Kharkiv, Ukraine.
ORCID 0000-0001-7818-4864, e-mail: vliadyslavbereznyakov@gmail.com

References

1. Avdeev SN, Chuchalin AG. [Severe community-
acquired pneumonia]. Russian medical journal 2001;
5:177-181. (In Russian).

2. Lanks CW, Musani Al, Hsia DW. Community-
acquired Pneumonia and Hospital-acquired Pneu-
monia. Med Clin North Am 2019; 103(3): 487-501.

DOI: 10.1016/j.mcna.2018.12.008.

3. Prina E, Ranzani OT, Torres A. Community-
acquired pneumonia. The Lancet 2015; 386(9998):
1097-1108.

DOI: 10.1016/S0140-6736(15)60733-4.

4. Wunderink RG, Waterer G. Advances in the
causes and management of community acquired
pneumonia in adults. BMJ 2017; 358: j2471.

DOIL: 10.1136/bmj.j2471.

5. Eshwara VK, Mukhopadhyay C, Rello J.
Community-acquired bacterial pneumonia in adults:
An update. Indian ] Med Res 2020; 151(4): 287-302.

DOIL: 10.4103/ijmr.JMR_1678_19.

6. Chuchalin AG, Sinopalnikov Al, Kozlov RS,
Avdeev SN, Tyurin IE et al. [Diagnosis, treatment and
prevention of severe community-acquired pneumo-
nia in adults]. Pulmonology 2014; 4: 13-48. (In
Russian).

7. Kolek V, Jakubec P, Losse S. Diagnostics and
treatment of community-acquired pneumonia -
simplicity is the key to success. Vnitr Lek 2018; 63(11):
770-775.

8. Ozlek E, Biteker FS, Cil C, Celik O et al. The risk
stratification in community-acquired pneumonia.
The American Journal of Emergency Medicine 2019;
37(1):171.

DOL https://doi.org/10.1016/j.ajem.2018.05.061

9. Jones B, Waterer G. Advances in community-
acquired pneumonia. Therapeutic Advances in
Infectious Disease 2020; 7: 1-11.

DOI: 10.1177/2049936120969607

10. Soodaeva SK, Klimanov IA, Nikitina LYu.
[Nitrosative and oxidative stress in respiratory
diseases]. Pulmonology 2017; 2(27): 262-273. (In
Russian).

11. Demidchik LA, Muravleva LE, Molotova-
Luchanskaya VB, Bakirova RE, Klyuev DA et al.
[Characteristics of the oxidative metabolism of
erythrocytes in patients with community-acquired
pneumonia]. Bulletin of the East Siberian Scientific
Center of the Siberian Branch of the Russian
Academy of Medical Sciences 2016; 3-2(109): 26-28.
(In Russian).

12. Geltser BI, Kurpatov IG, Dey AA, Kozhanov AG.
[Respiratory muscle dysfunction and respiratory
diseases]. Therapeutic archive 2019; 91(3): 93-100.
(In Russian).

13. Segizbaeva MO, Aleksandrova NP. [Asses-
sment of the resistance of different groups of in-
spiratory muscles to fatigue during exercise against
the background of simulated airway obstruction].
Fiziol. person 2014; 40(6): 683-689. (In Russian).

14. Stalnaya ID. [Method for the determination
of malonic dialdehyde using thiobarbituric acid.
Modern methods in biochemistry]. Moscow: Me-
dicine, 1977: 66-68. (In Russian).

15. Girin SV. [Modification of the method for
determining the activity of catalase in biochemical
substrates]. Lab. diagnostics 1999; 4: 45-46. (In
Russian).

(=]

V.I. Bereznyakov

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1



16. Saydam N, Kirb A, Demir O, Hazan E, Oto O, 18. Lapach SN, Chubenko AV, Babich PN.
Saydam O, GUner G. Determination of glutathione, [Statistical Methods in Biomedical Research Using
glutathione reductase, glutathione peroxidase and  Exel]. 2nd ed. K.: Morion, 2001; 408 p. (In Russian).

glutathione S-transferase levels in human lung 19. Somov DA, Makarova MR, Makarova IN. [The
cancer tissues. Cancer Lett. 1997; 119(1): 13-9. value of muscle imbalance for the development of
DOI: 10.1016/s0304-3835(97)00245-0. therapeutic exercises in patients with pneumonia].

17. Kabitz HJ, Walterspacher S, Mellies U. et al.  Questions of balneology, physiotherapy and physical
Recommendations for respiratory muscle testing. therapy 2015; 3(92): 7-10. (In Russian).
Pneumologie 2014; 68(5): 307-314.

DOI: 10.1055/s-0034-1365283

This is open access article distributed under the Creative Com-
mons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the
original work is properly cited.

INTERNAL MEDICINE

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1 V.I. Bereznyakov

>

1



International Journal of Medicine and Medical Research
2021, Volume 7, Issue 1, p. 42-50
copyright © 2021, TNMU, All Rights Reserved

DOI 10.11603/ijmmr.2413-6077.2021.1.12122

SIGNIFICANCE OF DETECTION OF FREE/TOTAL PSA RATIO AND OTHER
BIOCHEMICAL PARAMETERS IN PATIENTS WITH BPH, CARCINOMA
PROSTATE AND ITS CLINICOPATHOLOGIC CORRELATION

*S. Joshi', M.A.Tilak?, S. Jadhav?
1 - BHARATI VIDYAPEETH MEDICAL COLLEGE, PUNE, INDIA
2-DR. D. Y.PATIL MEDICAL COLLEGE, HOSPITAL AND RESEARCH CENTRE, PUNE, INDIA

Background. Benign prostatic hyperplasia (BPH) can raise prostate-specific antigen (PSA) levels two to three
times higher than the normal level. An increased PSA level does not indicate Prostate Cancer (PCa), but the higher
the PSA level, the higher the chance of having PCa. Detection and treatment have been profoundly affected by
the advent of Free/Total PSA ratio testing.

Objectives. The aim of the study was to estimate free, total PSA levels and its ratio for serum levels of calcium,
acid phosphatase and alkaline phosphatase in patients with BPH and PCa; to correlate clinical, biochemical and
histopathological findings in the above patients.

Methods. PSA levels were detected by Chemiluminescent assay; serum calcium - by Modified Arsenazo
method; serum acid phosphatase - by Doumas et al method; and Alkaline phosphatase - by Lowry et al method.

Results. Present study found high levels of total PSA in BPH and PCa. Levels of free PSA were high in BPH as
compared to PCa rate. Free/Total PSA ratio is reduced considerably in PCa as compared to BPH. Serum acid
phosphatase and alkaline phosphatase were considerably higher in PCa as compared to BPH. Serum calcium

INTERNAL MEDICINE

levels did not show significant difference in control and study groups.
Conclusions. It was established that patients with PCa have a greater fraction of bound PSA and a lower
percentage of free PSA than in those without PCa. Therefore, in clinical practice Free/Total PSA ratio helps clinicians

to decide if a biopsy is necessary.

KEYWORDS: benign prostatic hyperplasia (BPH); prostate cancer (PCa); prostate-specific antigen

(PSA); free/total PSA.

Introduction

Benign prostatic hyperplasia (BPH), also
called prostate enlargement, is a noncancerous
increase in size of the prostate gland. Symptoms
may include frequent urination, trouble starting
to urinate, weak stream, inability to urinate,
or loss of bladder control. Complications can
include urinary tract infections, bladder stones,
and chronic kidney problems [1, 2]. The clinical
diagnosis of BPH typically depends on a history
of LUTS (lower urinary tract symptoms), digital
rectal examination. The degree of LUTS does
not necessarily correspond to the size of the
prostate. On rectal examination, significant
finding of symmetric and smooth enlarged
prostate gland is suggestive diagnosis of BPH.
However, if the prostate gland feels asym-
metrical, firm, or nodular, this raises concern for
prostate cancer (PCa) [2, 3]. Urinalysis is typically
performed when LUTS are present and BPH is
suspected to evaluate for signs of a urinary tract

*Corresponding author: Dr. Shilpa Joshi, Assistant Professor,
Bharati Vidyapeeth Medical College, Pune, 411043, India.
E-mail: joshishilpa891@gmail.com

infection, glucose in the urine (suggestive of
diabetes), or protein in the urine (suggestive of
kidney disease). Blood tests including kidney
function tests and prostate specific antigen (PSA)
are often ordered to evaluate for kidney damage
and PCa, respectively. A total PSA test measures
all the PSA, including both the bound and the
free-floating antigens. A free PSA test, on the
other hand, only measures PSA that is floating
freely in the bloodstream and not bound to a
different protein. Comparing the two results can
help them understand the risk of PCa being
present [1, 3]. BPH and PCa are both capable of
increasing blood PSA levels and PSA elevation
cannot differentiate these two conditions well.
If PSA levels are tested and are high, then further
investigation is warranted. Measures including
PSA density, free PSA, rectal examination, and
transrectal ultrasonography may be helpful in
determining whether a PSA increase is due to
BPH or PCa [2, 4, 5]. Ultrasound examination of
the testes, prostate, and kidneys is often per-
formed, again to rule out cancer and hydro-
nephrosis [2-4]. US Food and Drug Association
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(FDA) approved PSA as an auxiliary diagnostic
test in the management of the patients diag-
nosed with PCa. Since its clinical introduction to
the present time, evaluation of serum PSA level
is one of the most widely used tests in urology
practice [5, 6, 7].

In conclusion Serum PSA level is very
important for urologists. Introduction of PSA
test into clinical practice has enabled early
diagnosis of PCa, and provided important
information about its staging, and postoperative
follow-up period.

The present study was performed with the
aim to study free and total PSA levels in patients
with BPH and PCa. To aid in the early detection
and diagnosis of PCa.

The study was carried out with the following
objectives: to estimate free, total PSA levels and
calculate Free/Total PSA ratio in patients with
BPH and PCa, to study the serum levels of
calcium, acid phosphates and alkaline phos-
phatase in patients with BPH and PCa and to
correlate clinical, biochemical and histopa-
thological findings in these patients.

Methods

The present prospective study was con-
ducted in the Department of Biochemistry at
Dr D. Y. Patil Medical College Hospital and
Research Centre, Pune-18.

Study period: July 2012-September2014.

Study design: The study was designed as a
Prospective case - control study.

Ethics statement

Written informed consents were obtained
from all patients and healthy controls. Study
protocols were approved by the institutional
ethics committee of Dr. D. Y. Patil Vidyapeeth
Pune. An informed consent was also obtained
from the study population which consisted of
two groups aged over 50 years old.

Study group and control

1. Control group comprises 30 healthy
adults above the age of 50 years.

2. Study group comprises 35 cases of benign
prostatic hyperplasia and 35 cases of Carcinoma
Prostate.

Inclusion criteria: Male patients above the
age of 50 years who presented with urinary
complaints and showed prostatic enlargement
on USG.

Exclusion criteria: Patients, who were
diabetic, hypertensive and had a history of any
major surgery, were excluded.

Collection of blood samples: Under all
aseptic precautions about 5 ml of venous blood

was collected in a plain bulb and allowed to clot
for one hour at room temperature, centrifuged
at 2000 rpm for 10 min. Serum was separated
and analysed immediately for Free PSA, Total
PSA, serum calcium, serum acid posphatase
and alkaline phosphatase

Methods utilized:

Free and total PSA levels: Chemiluminescent
assay.

Serum Calcium: Modified Arsenazo method.

Serumacid phosphatase: Doumas et al
method.

Alkaline phosphatase: Lowry et al method.

Measurement of Total PSA (Chemilumi-
nescence immunoassay method).

Electro-chemiluminescence immunoassay
(ECLIA) for the quantitative determination of
Total PSA in human serum and plasma
[6,7,8,9,10,11].

Principle: A chemical moiety is disclosed
which comprises a chemical, biochemical, or
biological substance attached to one or more
electrochemiluminescent organometallic
compounds. Substances of interest are attached
to one or more ruthenium containing or
osmium containing labels or other electro-
chemiluminescentlabels. Methods for detecting
small amounts of chemical moiety using
chemiluminescent, electrochemiluminescent
and photoluminescent means. The chemilu-
minescent reaction for the detection of the
reaction complex is initiated by applying a
voltage to the sample solution resulting in a
precisely controlled reaction. Electrochemilu-
minescent technology can accommodate many
immunoassay principles while providing
superior performance [6,7].

Measurement of Free PSA (Chemilumi-
nescence method [8,9].

Electro-chemiluminescence immunoassay
(ECLIA) for the quantitative determination
of free PSA in human serum and plasma.
Measurement of free PSA is used to determine
the free/total PSA ratio (% free PSA) which can
be clinically useful in evaluating the need for
prostate biopsy in two ways:

A) Individual risk assessment: The % free PSA
is significantly lower in patients having prostate
cancer than those with benign diseases or
normal controls. The probability of finding
prostate cancer with total PSA and with
decreasing % free PSA. Therefore % free PSA
improves the sensitivity and specificity in
patients with total PSAvalues in this “gray zone”.

B) Alternatively a single cut-off may be used
for menin all age groups. It was found that the
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proportion of unnecessary biopsies can be
reduced by 20 % when using a threshold for %
free PSA of 25 %.

Serum Calcium: Modified Arsenazo
method (end point method) [10,11].

System reagent for the quantitative deter-
mination of calcium concentrations in human
serum, plasma and urine on Beckman Coulter
AU analysers.

Principle: Calcium reacts with a dye arsenazo
at specific pH to form bluish purple coloured
complex. The intensity of colour formed is
directly proportional to the amount of calcium
present in the sample.

This Calcium procedure is based on calcium
ions (Ca?) reacting with Arsenazo III
(2,2'-[1,8-Dihydroxy-3,6-disulphonaphthylene-
2,7-bisazo]- bisbenzenear-sonic acid) to form
anintense purple coloured complex. Magnesium
does not significantly interfere in calcium de-
termination using Arsenazo III. In this method
the absorbance of the Ca-Arsenazo III complex
is measured bichromatically at 660/700 nm. The
resulting increase in absorbance of the reaction
mixture is directly proportional to the calcium
concentration in the sample.

Quality control: During operation of the
Beckman Coulter AU analyser at least two levels
of an appropriate quality control material
should be tested a minimum of once a day. In
addition, controls should be performed after
calibration with each new lot of reagent, and
after specific maintenance or troubleshooting
steps described in the appropriate User’s
Guide. Quality control testing should be per-
formed in accordance with regulatory require-
ments and each laboratory’s standard proce-
dure. Appropriate qualified urine controls
should be established and utilized during urine
analysis.

Results are automatically printed out for
each sample in mg/dL at 37°C. For SI units
(mmol/L) the results must be multiplied by 0.25.

Serum Acid Phosphatase: Doumas et al
method [12-15].

Methodology: Kinetic method.

Acid Phosphatase a-Naphtyl Phosphate.
Kinetic Quantitative determination of Acid
Phosphatase.

Principle: Hillmann method - acid Phos-
phatase activity present in the sample is
determined according to the modified method
of Hillmann.

a-naphtyl-phosphate+H,0 — ACP a-naphtol
+Phosphate

a-naphtol + Fast Red TR - Azo Dye

a-naphtol reacts with a diazoted compound
forming a colour with a maximum of absorbance
at 405 nm. Tartrate is used as specific of the
prostatic fraction.

Quality Control: Sera control are recom-
mended to monitor the performance of assay
procedures. If control values are found outside
the defined range, check the instrument,
reagents and technique for problems. Each
laboratory should establish its own Quality
Control scheme and corrective actions if
controls do not meet the acceptable tolerances.

Alkaline Phosphatase Assay [16-18].

Alkaline Phosphatase assay on the ARCHI-
TECT c Systems™ and the AEROSET System.

The Alkaline Phosphatase assay is used for
the quantitation of alkaline phosphatase in
human serum or plasma.

Principle of procedure: Several substrates
have been used to measure alkaline phospha-
tase activity such as glycerophosphate, phenyl
phosphate and p-nitrophenyl phosphate.
Bowers and McComb improved the method of
Bessey et al. to include a kinetic measurement.
Tietz et al. optimized this method to include a
chelated metal-ion buffer of zinc, magnesium,
and HEDTA. This Alkaline Phosphatase pro-
cedure is a modification of this method. Alkaline
phosphatase in the sample catalyses the hyd-
rolysis of colourless p-nitrophenyl phosphate
(p-NPP) to give p-nitrophenol and inorganic
phosphate. At the pH of the assay (alkaline),
the p-nitrophenol is in the yellow phenoxide
form. The rate of absorbance increase at 404
nm is directly proportional to the alkaline
phosphatase activity in the sample. Optimized
concentrations of zincand magnesium ions are
present to activate the alkaline phosphatase in
the sample.

Statistical analysis: At the end of study all
data was compiled and analysed statistically
using Annova method, Tukey’s test.

Results

Serum Free PSA, Total PSA, Free/Total PSA
ratio along with serum calcium, acid phospha-
tase, alkaline phosphatase were estimated in
30 controls (Group I) and 35 cases each of
benign prostatic hyperplasia (Group II) and
carcinoma Prostate (Group III). The results
showed that Total PSA levels, calcium, acid
phosphatase, alkaline phosphatase were
higher in Group III as compared to Group I and
II. Free PSA levels and Free/Total PSA ratio was
decreased in Group III as compared to Group II.
(Table 1).
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The chart depicts the Mean+SD distribution
into controls (Group I), cases (Group II) and
Group (I1I).

Number of controls were 30 and cases were
35 each in Group II and Group III. Age of
patients was considerably higher in Group III
as compared to Group II (Table 2).

Table 3 shows comparison of Mean+SD
values of serum Free PSA in Group I, IT and III.
Levels of Mean+SD values of Free PSA in Group
III were significantly lower as compared to
Group IIL.

Table 4 shows distribution of Mean+SD
values of Total PSA in Group [, IT and III.

Mean+SD values of total PSA were found to
beincreased in Group IIl as compared to Group
IandIL

Table 5 is depicting Free/Total PSA ratio in
terms of Mean+SD in Groups I, IT and IIL

Mean values of serum calcium in patients
with carcinoma was considerably higher as
compared to benign prostatic hyperplasia and
control group. Test results obtained were
significant (p<0.05) (Table 6).

Chart depicts intergroup comparison of
serum alkaline phosphatase between cases and
controls. Mean+SD values of alkaline phos-
phatase were higher in Group III as compared
to Groups I and I

Table 1. Comparison of age in study groups

Age (Yrs.)
Group Number Mean D F Value P Value
Group I (Control) 30 68.07 7.95 5.04 <0.01
Group II (Control) 35 64 492
Group III (Control) 35 68.26 5.82
Note: Gr. Ivs Gr. II: p<0.05 & Gr. I'vs Gr.III: p<0.05
p<0.05: Significant
p<0.01: Highly significant
p>0.05 and p>0.01 Not Significant
Table 2. Comparison of free PSA in study groups
Age (Yrs.)
Group Number Mean D F Value P Value
Group I (Control) 30 0.68 0.56 39.56 <0.0001
Group II (Control) 35 2.43 1.10
Group III (Control) 35 1.59 0.55
Gr. 1vs Gr. II: p<0.0007andGr. I vs Gr.III: p<0.0001 and Gr.II vs Gr.III: p<0.0001
Table 3. Comparison of total PSA in study groups
Age (Yrs.)
Group Number Mean D F Value P Value
Group I (Control) 30 1.95 1.24 35.93 <0.0001
Group II (Control) 35 8.51 5.20
Group III (Control) 35 66.83 58.29
Gr. Ivs Gr. II: p<0.0007 & Gr. I vs Gr.III: p<0.0001 %4
5
Table 4. Comparison of free/total PSA ratio in study groups E
R
Group Number Age (¥rs.) F Value P Value =
Mean SD e
Group I (Control) 30 0.34 0.15 95.29 <0.0001 <
Group II (Control) 35 0.32 0.09 é
Group III (Control) 35 0.04 0.03 E
Gr. Ivs Gr. II: p<0.0001 & Gr. I vs Gr.III: p<0.0001 E
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Table 5. Comparison of serum calcium in study groups

Age (Yrs.)
Group Number Mean D F Value P Value
Group I (Control) 30 9.19 0.41 4.20 <0.05
Group II (Control) 35 9.18 0.48
Group III (Control) 35 9.52 0.71
Gr. Ivs Gr. II: p<0.05 & Gr. I vs Gr.III: p<0.05
p<0.05: Significant
p<0.01: Highly significant
p>0.05 and p>0.01 Not Significant
Table 6. Comparison of serum acid phosphatase in study groups
Age (Yrs.)
Group Number Mean D F Value P Value
Group I (Control) 30 4.65 0.93 36.31 <0.0001
Group II (Control) 35 5.30 1.51
Group III (Control) 35 18.52 12.67
Gr. 1vs Gr. II: p<0.001andGr. I vs Gr.III: p<0.0001
Table 7. Comparison of serum alkaline phosphatase in study groups
Age (Yrs.)
N F Val P Vval
Group umber Moan D alue alue
Group I (Control) 30 51.90 13.09 42.20 <0.0001
Group II (Control) 35 71.20 29.58
Group III (Control) 35 112.49 33.6

Gr. Ivs Gr. II: p<0.0007andGr. I vs Gr.III: p<0.05 and Gr.II vs Gr.III: p<0.0001

Discussion

PCa is a major cancer and leading cause of
death in men. As with any cancer, early detec-
tion followed by treatment increases the di-
sease-free survival rate significantly. Early
diagnosis is very important in management of
any type of cancer and infections. After intro-
duction of serum PSA measurements into
clinical use, the incidence rate of early diagnosis
has increased, and a shift between stages was
achieved. Nowadays, 70-80% of the diagnosed
cancers are organ-confined [18,19].

Serum PSA level was also helpful in the
staging of PCa. serum PSA values between
0-4 ng/mL can detect 80% of the organ-confined
disease, while PSA values between 4-10 ng/mL,
and above 10 ng/mL were found in 70% and
50% of the cases with organ-confined disease.
Serum PSA levels also provide us helpful infor-
mation about lymph node involvement. Lymph
node involvement has been also reported in
men with serum PSA levels of <10 ng/mL (5%),
10-20 ng/mL (18%), and >20 ng/mL (20%) in
respective percentages. Therefore, if serum PSA
level is below 25 ng/mL, there is no need to

perform CT or MRI, and bone scanning is not
required for men with serum PSA levels below
20 ng/mL. Besides, it has been demonstrated
thatin men with Gleason score <6, clinical stage
T1/T2, and serum PSA levels below 10 ng/mL,
lymph node dissection is not required [1,3,4,
12,18,19].

The current prospective study was
conducted with the aim to estimate Free PSA,
Total PSA, Free/Total PSA ratio in patients with
benign BPH and PCa and correlate with the
histopathology report. In the present study age
wise distribution in control group is 68.07+7.95,
while in BPH it was 64+4.92 and in PCa
68.26+5.82. There was no significant difference
in the age wise distribution among all the three
groups. Mean values of Free PSA levels in benign
prostatic hyperplasia were 2.43+1.10 ng/ml, in
carcinoma prostate - 1.59+0.55 ng/ml as
compared to 0.68+0.56 ng/ml in the control
group. The result was statistically highly
significant (p<0.0001). In the present study,
free/total PSA ratio is reduced in carcinoma
prostate as compared to benign prostatic
hyperplasia. Histological grades of prostate

(=p]

S.Joshi et al.

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1



biopsy showed a negative correlation with free/
total PSA ratio in our study.

Lakhey M et al (2010) reported serum free
PSA s elevated marginally in patients with BPH
without inflammation, determined the rela-
tionship between free PSA and histological
findings in biopsy specimens of patients with
prostate disease. Active inflammation and high-
grade lesions are associated with free PSA level
more than 5 ng/ml [18].

Ari Adamy et al (2011) reported that with
prostate specificantigen included in progression
criteria prostate specific antigen at confirmatory
biopsy (HR 1.29, 95% CI 1.14-1.46, p<0.0005) and
positive confirmatory biopsy (HR 1.75, 95% CI
1.01-3.04, p=0.047) were independent predictors
of progression [19].

Measurement of serum PSA levels is very
importantduring post-treatment monitorization
of PCa. Besides based on preoperative serum
PSA levels, a biochemical recurrence can be
seen within 10 years after surgery. Accordingly,
recurrence rates of 10, 20, and 50% are anti-
cipated in men with preoperative serum PSA
levels of <2.6 ng/mL, 2.6-10 ng/mL, and above
10 ng/mL, respectively. Serum PSA levels are
important in patients who had undergone
androgen suppression therapy because of
metastatic disease. If serum PSA level does not
drop below 4 ng/mL 7 months after androgen
suppression therapy, median life-expectancy
of these patients is only one year. If serum PSA
levels of these patients drop below 0.2 ng/mlL,
then median life-expectancy longer than 6 years
can be predicted. If after radical prostatectomy
or radiotherapy, serum PSA levels of the
patients without radiological metastases rise
above 0.2 ng/mL within the first 8 months of
androgen suppression, prostate cancer mor-
tality increases 20-fold. Still PSA doubling time
shorter than 3 months is a very bad prognostic
finding. Increase in serum PSA levels after
prostatectomy aids in differentiation between
local and systemic recurrences. If PSA doubling
time increases after the first 2 postoperative
years, and PSA doubling time is longer than 11
months, then local recurrence should be
conceived with an 80% probability. However, if
PSA levels rise within the first postoperative
year, and PSA doubling time is 4-6 months, the
systemic disease should be thought of with a
80% probability.

Similar results were obtained in a prospective
study by Mubhittin Serdar et al (2002) reported
patients with serum total PSA between 4.1-
9.9 ng/ml, if none of the PSA-based parameters

is positive, biopsy can be postponed and the
patients should be followed-up; on the other
hand, patients with three positive parameters
should be biopsied. If only one or two of the
parameters are positive, the patient’s age, race,
and clinical findings should be considered in
decision-making. Hence, the combined use of
all markers can increase sensitivity and spe-
cificity [20].

Cut off value of free/total PSA ratio is 0.14
(14%) in the present study which has sensitivity
of 94.3% and specificity of 99%. Patients with
less than 0.14 ratio had Carcinoma prostate as
compared to those above with cut off which
showed benign prostatic hyperplasia. Most PSA
in the blood is bound to other proteins. Nor-
mally more than 23% of serum PSA s in its free
form (free PSA). Benign prostatic tumours may
be associated with elevated PSA, especially free
PSA. With prostate carcinoma, however, the
proportion of free PSA decreases. One theory
hypothesizes that prostate carcinoma produces
not only PSA but also proteins to which the PSA
is bound. As a result, portion of free PSA de-
creases. Histological grades showed a negative
correlation between free/total PSA ratio and
histological grade of carcinoma.

A lower ratio suggests prostate carcinoma
while higher ratio suggests BPH by Borros
Arneth [21]. In our study, total PSA and free/
total PSA ratio were in accordance with study
by D Weckermann et al in which the patients
with prostate cancer showed high total PSA and
reduced free/total PSA ratio as compared to
BPH patients. Mione R et al found that percent
free PSA was more effective than total PSA in
the differential diagnosis between carcinoma
prostate and BPH. Percent free PSA is superior
to total PSA in distinguishing between primary
Carcinoma prostate from BPH, in patients with
total PSA between 2-30 ng/ml [22].

According to Manabu Kuriyama et al [23]
the diagnostic significance of free/total PSA has
been reported to improve diagnostic accuracy
of prostate cancer in the group with considerably
elevated serum PSA values. As serum PSA
values increased, f/t was lower in the carcinoma
prostate 56 group than in non-prostate car-
cinoma group. However, f/t values were lower
in prostate carcinoma group than in non-pros-
tate carcinoma group. The positive predictive
value for prostate cancer increased to 54% in
total PSA alone. Cut off value of free/total was
0.155 for obtaining relatively high specificity. In
the present study, sensitivity was 85% and
specificity was 56.5%.
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Levels of calcium in serum were significantly
correlated with serum levels of free PSA. It is
unlikely that serum PSA acts to increase serum
calcium, whose serum levels are under strict
homeostatic control. Specifically, if serum levels
of PSA increased serum levels of calcium, the
men with advanced prostate cancer would
develop hypercalcemia.

In this study probability estimates for
prostate cancer in the percent free PSA ranges
of <10 ng/ml is 58.3%. Although diagnostic
improvements have been made through the
use of PSA quotient, the diagnosis of prostate
carcinoma can be made only after tumour
biopsy and histopathology examination. Since
the introduction of prostate-specific antigen
testing over two decades ago, there has been
a steep increase in the prostate cancer inci-
dence, especially the incidence of localized low
risk disease. Use of the percentage free PSA can
enhance the specificity of PSA testing and
decrease the number of unnecessary biopsies.
However, the cut off free/total PSA in our case
was 18.0%. Use of percent free PSA has been
shown to improve specificity in the detection
of prostate (4.1-10 ng/ml). In our study 17 (22%)
patients had total PSA levels between 4-10 ng/ml.
Of these one of the patients had PSA level
6.6 ng/ml, which on biopsy was reported as
carcinoma prostate. Remaining 16 patients
were reported as BPH on biopsy. Other para-
meters like serum calcium showed mean values
0f 9.91+0.41mg/dl in the control group. In BPH
and PCa mean values of serum calcium were
9.18+0.48 mg/dl and 9.52+0.71 mg/dI, res-
pectively. In the present study acid phosphatase
values were higher in Group III (Carcinoma) as
compared to group I and II. However, with
advent of Prostate Specific Antigen (PSA)
measurement of acid phosphatase in the
diagnosis, staging and monitoring of prostate
cancer has taken a back stage. Human prostatic
acid phosphatase is a prostate epithelium spe-
cific differentiation antigen found in large
amounts initially in seminal fluid. In our study
5(14.28%) out of 35 patients were found to have

slightly elevated acid phosphatase levels. Only
one patient showed bone metastases. Similar
study by Gutman and his colleagues made the
critical observation that serum prostate acid
phosphatase activity was significantly higher in
prostate cancer patients, particularly those with
bone metastases.

Limitation of the study is that in the present
study per rectal examination was not done, as
it was not advised by clinicians.

Conclusions

Present study found high levels of Total PSA
in BPH and PCa. The levels of free PSA were
high in BPH as compared to PCarate. Free/Total
PSA ratio was reduced considerably in PCa as
compared to BPH. Serum acid phosphatase and
alkaline phosphatase were considerably higher
in PCa as compared to BPH. Serum calcium
levels did not show significant difference in the
control and study groups. We concluded that
the patients with PCa have a greater fraction of
bound PSA and a lower percentage of free PSA
than in those without PCa. There was a negative
correlation found between free/total PSA ratio
and the histopathologic findings. The lower is
the ratio, the higher is the grade of malignancy.
Therefore, in clinical practice Free/Total PSA
ratio helps clinicians to decide if a biopsy is
necessary.
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KJITHIKO-ITATOJIOTTYHA KOPEJIAIIA TA POJIb CIIIBBIJHOIIIEHHSA
BIVIBHOT'O/3ATAJIBHOI'O ITPOCTATOCIIEIIN®IYHOI'O AHTUTEHY

TA IHIIUX BIOXIMIYHHX ITIOKA3HUKIB V ITAIIIEHTIB 3 JOBPOSAKICHOIO
TTITEPIUIA3IEIO ITEPEAMIXYPOBOI 3AJI03U TA KAPITUHOMOIO ITPOCTATH

*S. Joshi', M.A.Tilak?, S. Jadhav?
1 - BHARATI VIDYAPEETH MEDICAL COLLEGE, PUNE, INDIA
2 - DR. D. Y.PATIL MEDICAL COLLEGE, HOSPITAL AND RESEARCH CENTRE, PUNE, INDIA

BcTtyn. JobposkicHa 2inepnsaasis nepedmixyposoi 3a103u (4T13) moxce cynpogodxysamucs sidsivi-empudi
nidsuwjeHum pieHem (T1CA). lMidsuwjeHuli pieeHb [CA He 8KG3YE HA PaK nepedmixyposoi 3aa03u (P13), yum suujuli
pigeHs [1CA mum 6inbwa limosipHicme 8UHUKHEHHA Pl13. [Tosea mecmy Ha chie8iOHOWEeHHS 8ilbHO20/3020/16HO20
[1CA mana 3Ha4HUl 8NAUS HA YACMOMOMY 8UAB/AEHHS MA 8UGIP MAKMUKU NiKy8aHHS PI13.

MeTa. OyiHumu cniggioHOWeHHS 8ifbH020/3a2a/16H020 [1CA, piseHb CUPOBAMKOB020 KAAbYit0, KUCA0I ma
AyxcHoi pocpamas y nayieHmie 3 AIT13 ma Pl13. [Iposecmu kopeasayiro KAiHiYHUX, 6i0XiMiYHUX ma
2icmonamos102iYHUX 0AHUX y 8UWEBKA3AHUX NayieHmie.

MeToaw. BuzHaveHHs [1CA nposodunocs 30 00NOMO20H0 XeMINOMIHECYeHMH020 aHaNi3y; cuposamkosuli
Kaneyil susHa4yaeca mMooupikoeaHUM MemodomM apceHa3o. Kucaa ¢ocgamasa cuposamku 8u3HAYaAACA
memoodom 3a Doumas et al., nyxcHa ¢pocpama3sa - 3a Lowry et al.

PesynbtaTu. JoioxeHHS 8uA8un0 8UCOKi pigHi 3a2ansHo20 [CA npu AT13 ma PI13. PigHi gineHozo [1CA
6ynu suwumu npu A3 nopieHsaHo 3 Pl13. CniegiOHOWeHHS 8i1bH020/302a/16H020 MCA 3HAYHO 3HUNCYEMbCA
npu Pl13 nopisHsaHo 3 AITI3. PigHi cupogamkoeoi Kucaoi ma ayxcHoi pocamas 3Ha4Ho niosuwgyromecsa npu Pr13
nopisHsHO 3 AITI3. PiseHb Kanbyito 8 cuposamuyi Kposi He 8i0pi3HABCA 8 KOHMPOAbHIlU ma 00cnioxy8aHil

2pynax.

BucHoBKMW. [TayieHmu 3 P13 marome 6inewy Yacmky 38'a3aHo20 [1CA ma meHwuli idcomok 8inbHo20 1CA,
nopieHAHO 3 nayieHmamu 6e3 Pl13. Tomy 8 KAiHIYHIlG npakmuyi cniegioHOWeHHSA 8ibH020/3G20/16H020 [1CA
Moxce donomoz2mu KAIHIYUCMam supiuumu 4yu nompibHa 6ioncis.

K/TKOYOBI CJ/TOBA: ao6posikicHa rinepnsasis nepeamixypoBoi 3ano3u (A4rM3); pak nepegmixypoBoi

3ano3wu (PN3); npoctatocneundiuHunii aHTureH (MCA); BinbHUIA/3aranbHuii NCA.
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SYSTEMATIC REVIEW ON THE PSYCHOMETRIC, RELIABILITY
AND VALIDITY PROPERTIES OF TRANSLATED NEUROPATHIC
PAIN SCREENING TOOLS (DN4, LANSS AND PDQ)

1 JANUARY 2005 - 19 JULY 2019

T.R. Fagbohun
UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG, SOUTH AFRICA

Background. Different neuropathic pain screening tools (DN4, LANSS and PDQ) have been developed,
translated into several local languages, and validated. To determine the reliability of these tools and their ability
to differentiate between diagnosing neuropathic pain quality from nociceptive pain, a systematic review was
conducted to synchronize properties and suggest the reliability of the translated version of these neuropathic
pain-screening tools.

Objective. To conduct an evidence-based systematic review to assess the psychometric, reliability and validity
of the translated version of DN4, LANSS and PDQ between January 2005 and 2019.

Methods. Two independent reviewers adopted the use of online (Internet) search machine (Pubmed, Scopus
and Web of Science) to search for the relevant articles based on JBI (Joanna Briggs Institute) inclusion criteria.
Data extracted from the articles were synthesis in tabular form.

Results. Twenty-six articles were included from DN4 (n=11), LANSS (n=8) and PDQ (n=4) translated from
English language to eight local languages. The sensitivity and specificity of the DN4 studies ranged from 75% to
98% and 37.3% to 96%, respectively. The internal reliability (a) of the translated version of the DN4 ranged from
0.55-0.862. The sensitivity and specificity of the LANSS studies ranged from 75% to 98% and 37.3% to 96%,
respectively. The internal reliability (a) of the translated version of the LANSS ranged 0.67-0.96. The sensitivity
and specificity of the PDQ studies ranged from 75% to 98% and 37.3% to 96%, respectively. The internal reliability
(a) of the translated version of the PDQ ranged 0.81-0.86.

Conclusions. All the translated instruments reviewed showed good internal consistency of the items, high
sensitivity and Positive predictive value (PPV) but not to a suitable level compared with the original version.
Therefore, these screening tools are suggested to be used in conjunction with the clinical testing for appropriate

diagnosis of patients with neuropathic pain quality.

KEYWORDS: neuropathic pain; positive likelihood; negative likelihood; positive predictive value;

negative predictive value.

Introduction

Neuropathic pain (Np) is classified as one
of the worse pains reported by chronic pain
patients [1]. An estimated 1 out of 10 chronic
pain patients develop neuropathic pain,
depending on the population study [2]. The
prevalence may be as high as 51.9 % in the
patients being managed for chronic pain clinic
[3]. Evidence indicates that neuropathic pain
affects both physical and emotional state of the
patients [4], thereby. This type of pain decreases
the quality of life of patients [4, 5] and results
in a negative interaction with society in general
[6]. Neuropathic pain is associated with lesion
or disease of the somatosensory pathway that

*Corresponding author: Temitope Richard Fagbohun, Research
Student, University of the Witwatersrand, Johannesburg, 2193,
South Africa. E-mail: temitopesms@aol.com

leads to abnormality observed at the peripheral
and central region of the system function
(hyperalgesia or allodynia) [7]. The common
symptoms associated with neuropathic pain
are: sharp, burning, pins and needles, tingling,
painful cold, numb and shooting [2].

Diagnosing standards among pain phy-
sicians and researchers of neuropathic pain in
chronic pain patients have been a challenge [8].
The five Np screening tools are LANSS [9],
Neuropathic Pain Questionnaire [10], Douleur
Neuropathique 4 ‘DN4’ [11], ID pain [12] and
PainDETECT [13]. These instruments have been
validated and adapted in different languages
from different countries.

Among these instruments, DN4, LANSS and
PainDETECT are the most commonly used tools
in the assessment of the quality of neuropathic
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pain in chronic pain patients due to their high
sensitivity and specificity, short duration of the
assessment, easy understanding of the terms
and application by the pain experts [14, 15].
Translation of these tools from the original
language to local languages is essential for
good communication and effective assessment
of pain quality between the researcher or pain
expert and the patients.

Critically appraising the data measurement
of these instruments may be valuable for the
clinician and researchers in decision making
based on evidence from peer-reviewed articles
that adopted these instruments in their studies.
Therefore, the aim of this study was to conduct
a systematic review on the translated version
of the Douleur Neuropathique en 4 Question-
naire (DN4), Leeds Assessments of Neuropathic
Symptoms and Signs (LANSS) and the Pain-
DETECT Questionnaire (PD-Q) tools with the
objective to evaluate their psychometric,
reliability and validity properties.

Methods

Study design: systematic review of studies
was conducted according to PRISMA guidelines
[16]. The systematic review was conducted
using a developed protocol registered on
PROSPERO (CRD42015016752) by the authors.
PICO method was adopted to define our study
question:

P (Patient or population): Patients with
chronic pain

I (Intervention): Diagnostic screening tool

C (Comparator): None

O (Outcome): Psychometric and diagnostic
properties of neuropathic pain screening tools:
DN4*, LANSS**, and PD-Q (* Includes the DN4-
interview, ** Includes the self-complete (S)-
LANSS)

Study Inclusion Criteria

The following article selection criteria were
used:

* Language of publication: No restrictions;

* Geographic location: No restrictions;

* Publication date: 1 January 2005 to 31 July
2019;

* Publication type: Original articles and
abstracts;

Search strategy

The search strategy was as follows:

Databases: PubMed, Scopus, Web of Science.

Secondary search: Reference lists of selec-
ted publications were checked.

Search terms: (“Douleur Neuropathique”
OR DN4 OR DN-4 OR “Leeds Assessment of

Neuropathic Signs and Symptoms” OR LANSS
OR PainDetect OR “Pain Detect” OR PDQ or
PD-Q) AND pain AND (neuropathy OR neuro-
pathic OR neuralgia OR neuritis OR central OR
stroke OR spinal) AND (translation OR adap-
tation OR validation OR reliability OR validity).

Data management

Search results were transferred to Mendeley
Desktop Reference Manager (Elsevier), where
all references retrieved were combined, and
duplicates were removed.

Screening

Initial screening of the articles included was
done by title and abstract and was performed
by TF (Temitope Fagbohun) and checked by PK
(Peter Kamerman). The excluded articles were
removed, and the reason for their exclusion
was recorded. The full text of all retained
studies was then screened by TF and PK and a
consensus list of studies was generated to
include into the review.

Data extraction

The following data were extracted:

1. Bibliographic information;

2. Study characteristics:

a. Name of the translated questionnaire;

b. Language of translation;

c. Setting (study population;)

d. Study methods;

e. Measures of reliability (Reliability of the
screening tools was determined by the following
measures: Test-retest reliability (intraclass
correlation coefficient, Pearson’s or Spearman’s
correlation coefficient), inter-rater reliability
(Cohen’s Kappa lowest and highest score), and
internal consistency (Cronbach’s alpha));

f. Diagnostic properties (Measures of diag-
nostic performance: Diagnostic performance
was assessed by measures of sensitivity, spe-
cificity, positive likelihood, negative likelihood,
positive predictive value, and negative predictive
value.

Results

Atotal of 1,493 articles were obtained from
the initial electronic databases search and 27
articles were finally included in the final review.
The details of the study identification and
selection process in accordance with the
Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) statement
(el are described in Fig. 1. One hundred and
twenty-two articles were excluded due to
duplications. The abstract and the title of 1,371
articles were screened, 1,337 articles were
excluded due to not meeting the inclusion

N
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Duplicate articles removed

v

(n=122)

Articles excluded after evaluation

of abstract/tittles.
(n=1,337)

Articles records excluded due to none

use of DN4, LANSS or PPD-Q
(n=3)

Full-text articles excluded

Fig. 1. Flow chart of the final selected articles.

criteria of this study. Thirty-four (34) articles
were further screened for full-text inclusion,
and three (3) articles were excluded for not
applying DN4, LANSS or PainDETECT instrument
neuropathic pain screening tools. Thirty (30)
articles were further screened for check of
validity test; five (5) articles were further
excluded due to no validity test. Twenty-six (26)
articles were included in this review for
extraction.

Summary of the articles included

Twenty-six articles where included in this
review - 11 DN4 articles [17-27], 8 LANSS articles
[20, 24, 28-33], 4 PD-Q articles [15, 34-36] and 3
S-LANSS [28, 37, 38]. The total sample size
reported was 2,075. Out of this, 1,056 were
diagnosed with neuropathic pain, 874 - noci-
ceptive pain and 55 were patients with mixed
pain. Eighty-two (82) participants had mixed

g Total articles obtained from electronic
‘é database search
e (n=1,493)
-
c
[}
3
) Articles screened for abstracts/tittles
(n=1,371)
o0
= >
= >
o Y
S
) Articles records screened
(n=34)
—
) ;
E Y
":-'n Full-text articles assessed
b for methodology quality
(n=31)
—
o
-
Q v
3
] Final articles included
c . .
= in the review
(n=26)

A 4

due to no validity study
(n=5)

pain included in the neuropathic pain parti-
cipants [24] (Table 1).

DN4

Description of the DN4 articles

Eleven (11) studies were included in the DN4
screening tool in this review (Table 2). Two (2)
studies [17, 21] further evaluated the reliability
and validity properties of the tools at different
cut off. The DN4 was translated to eight dif-
ferent languages which includes: the Arabic
language (n=2) [17, 21], Brazilian Portuguese
(n=1) [26], Korean (n=2) [19, 20], Spanish (n=2)
[24, 25], Farsi (n=1) [22], Greek (n=1) [23], Italian
(n=1) [27] and Japanese (n=1) [18]. The total
sample size reported n=1,756. Out of this, n=880
was diagnosed with neuropathic pain, n=731 -
nociceptive pain and n=55 were patients with
mixed pain. Eighty-two (82) participants had
mixed pain included in the neuropathic pain
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participants [24]. All the included articles that
used DN4 instruments were published between
2007 and 2018 (Table 2).

Forward translation was reported in eight
studies [17-19, 21-27] with the translation
conducted in two studies in 5-times [21, 22],
one study in 3-times [22], two studies in 2-times
[25, 26], one study in 1-time [18]. Similarly,
backward translation was reported in eight
studies [17-19, 21-23, 25, 26]. One study con-
ducted in 3-times [22], three studies conducted
in 2-times [21, 25, 26], three studies were not
specific on the number of times backward
translation was done, and three studies did not
report on the backward translation (Table 2).
Expert assessment was involved in seven (7)
studies [17, 18, 21-23, 25, 26] and four (4) studies
conducted a pilot test [17, 21, 22, 26] (Table 2).

Validity and reliability of the DN4
instrument

Internal validity was reported in nine (9)
studies [17-23, 25, 26] of the included eleven
(11) studies (Table 2). Cronbach was reported
in eight studies [17, 19-23, 25, 26]. Findings on
test-retest validity were reported in seven (7)
studies [18-23, 25] with ICC values between 0.81
and 0.96. One study reported the coefficients
of correlation spearman value 0.81 [21]. The
inter-rated reliability was conducted in seven
(7) studies [17, 19, 20, 22, 23, 25, 26] in translated
DN4, Cohen's kappa lowest scored values of
0.92 were reported for brushing in one (1) study
[17], while total score values of 0.818 and 0.92
were reported in two (2) studies [23, 26], scored
values of 0.823 was reported for itching in two
studies [19, 20] (Table 2).

Cohens kappa high values of 1.0, 0.826-
0.946 and 0.9 were reported for hypoesthesia
to brushing and hypoesthesia to pinprick in two
studies [17,21] and numbness [19, 20, 22]. Also,
total Cohens kappa highest score values of
0.818 and 0.92 (total score) were reported in
two (2) studies [23, 26].

Sensitivity, specificity, negative and
positive likelihood

Different cut offs were adopted to diffe-
rentiate the neuropathic pain from nociceptive
pain in this instrument (Table 3). Studies inclu-
ded at cut off of 3 showed sensitivity between
93.3-100%, specificity between 3-100%, Positive
Likelihood between 5.2-5.5, Negative Likelihood
between 0-3, PPV ranges between 84.3-85.6%
and NPV of 72.1% - 97.5% in three studies.

At cut off 4, sensitivity reported ranges
between 80-96%, while the specificity was
between 6.8-95%, Positive likelihood 8.4-20.2

reported inthree (3) studies, Negative Likelihood
range between 0.1-0.2; PPV was between 63.9-
95% and the NPV was between 69-95.5%
reported in eight (8) studies. At cut off of 5,
sensitivity reported ranges between 75-91% in
four (4) studies, specificity was between 51-99%,
Positive likelihood ranged between 5-150,
Negative Likelihood was between 0.1-0.2, the
PPV was between 84.3-93.7% and NPV was
between 53.2-92.9%. Youden index values with
cut off of three ranges between 0.46-0.92, cut
off 4, was between 0.6-0.932 and cut off of 5
ranges between 0.6-0.89 (Table 2).

DN4-interview

Two studies were included in this review
instrument [17, 27] conducted in the Arabic and
Italian languages respectively (Table 1) and
reported between 2012 and 2017 were parti-
cipants in Arabic, and Italian population with a
total sample size of 611. Patients with neuro-
pathic pain (NP) were 248. The number of
nociceptive pain patients’ range was 253 pa-
tients, and none had mixed pain (MP). Forward
translation was conducted in two studies thrice
(3-times), and out of the three (3) studies that
adopted this DN4-interview, one (1) study was
not specific on the conduct and the number of
times it was conducted. Similarly, backward
translation was conducted in two (2) studies out
of the three (3) studies adopted in DN4-interview,
but the number of times conducted was not
specific. Expert assessment involved, and a pilot
study was conducted in two studies included.

Measurement of the validity of DN4-
interview instrument

Internal validity was assessed in two studies
with Cronbach alpha value between 0.55-93 and
0.86 (using Kuder-Richardson formula to assess
the internal consistency of the whole ques-
tionnaire). In two studies Cohens Kappa lowest
score value of 0.92 (brushing) and Cohen’s
Kappa Highest score values of 0.9 (electric
shocks) and 1.0 (Hypoesthesia to brushing,
hypoesthesia to pinprick).

Measurement of reliability of DN4-
Interview

ROC was conducted in two studies included
using this instrument (Table 6). At cut off of 2,
the sensitivity was 99%, Specificity value of
58.3%, Positive Likelihood value 2.4, PPV of 71%,
NPV of 98.2%. Two studies employ cut off 3 with
sensitivity of 97%, Specificity value of between
82-82.3, Positive Likelihood value of 5.5.,
Negative Likelihood of 0, PPV of 85% and NPV
of 96.3%. One study reported cut off value of 4
with sensitivity value of 84%, Specificity value
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of 90%. Positive Likelihood value of 8.1, and
Negative Likelihood of 0.2, PPV 89.2% and NPV
of 84.3%. Youden index value at cut off of 2 was
0.56, cut off 3 was 0.79 and cut off 4 was 0.37.

LANSS

Description of the LANSS articles

Demographic characteristic of eight studies
included using LANSS instrument in assessment
of neuropathic pain (Table 1). Eight (8) studies
[20, 24, 28-33] were included in this review. Two
studies each were reported in the Greek [28,
30] and Turkish languages [32, 33]. Each of the
following languages reported one study -
Brazilian Portuguese [31], Korean [20], Spanish
[24] and Portuguese [29]. Total sample size
reported was 1,081. Out of this, 612 were diag-
nosed with neuropathic pain, while 477 were
classified to have nociceptive pain. One study
reported 42% of the neuropathic pain parti-
cipants also had mixed pain [24]. Forward
translation was conducted in four studies twice
and one study once. Backward translation was
conducted twice in two studies. Four studies
conducted backward translation once. Six
studies involved expert assessment while four
studies conducted pilot studies.

LANSS measurement of validity

Internal validity assessment was conducted
in six studies, with the Cronbach alpha ranging
between 0.65-0.96 and the Test-retest reliability
conducted in four studies (Table 4). One study
reported the intra class coefficient value of 0.77
[28] with Pearson correlation coefficient re-
ported in two studies (0.912-0.990 and 0.940).
the inter-rated reliability was reported in two
studies [28, 31] with Pearson value of 0.87 in
one study [28].

Measure of reliability of LANSS instru-
ment

Five studies conducted ROC at cut off of 12.
Six (6) cut off values were reported to different
neuropathic pain from nociceptive pain. Cut off
2, two (2) studies reported 80.2 and 89.8%,
respectively. Specificity was 100% and 94.2%.
One (1) study reported PPV of 93.6% and NPV
of 90.74. While one (1) study reported Youden
index value of 0.8. Two (2) studies reported cut
off 2, sensitivity was 80.2 and 89.9, specificity
was 94.2 and 100, NPV was 93.6. PPV was 90.74
with Youden index value 0.8. One (1) study
reported cut off 7 with sensitivity of 91.2%,
Specificity value of 83%, Positive Likelihood of
5.4, Negative Likelihood value of 0.1, PPV of 86%
and NPV 89% with Youden index value of 0.74.

Cut off of 10.5 was reported in one (1) study
with sensitivity of 88%, Specificity of 95%. One

(1) study reported the use of Cut off 11 with
sensitivity of 100%, specificity of 95.9%, PPV of
93.6 and NPV of 100. Four studies used cut off
12 with sensitivity ranging 72.6-98%, specificity
range between 74-98%. Negative likelihood was
reported in two (2) studies, NPV, at cut of 7 with
value 5.4 and cut off 12 with value 36.3, Negative
likelihood value 0.1 at cut off 7 and 0.3 at cut off
12, the sensitivity range between 72.6-98, spe-
cificity range between 74 98%. Positive likelihood
was reported in a study with value of 36.3 and
Negative Likelihood 0.3. Positive Predictive Value
range between 85-99%, Negative Predictive
Value of 76-96%. One study applied cut off 13,
with sensitivity of 95%, specificity of 98%, PPV of
99 and Negative Predictive v=Value of 90.57. In
addition, one (1) study reported the use of cut
off 14 with Sensitivity 84, Specificity 82.8, PPV
88.7 and NPV 76.8.

Self-LANSS

Description

Three (3) included studies adopted LANSS-
self between 2010-2016, one (1) study in the
Greek language [28], one study in the Spanish
language [38] and one study in the Turkish
language [37] (Table 1). Internal validity was
reported in three (3) studies with Cronbach
alpha between 0.67-0.74. Test-retest validity
was reported in two (2) studies with r-coefficient
964-Spearman, 0.97-Pearson, respectively. One
(1) study reported inter-rater reliability and
second r-coefficient. ROC was conducted in
three (3) studies [28, 37, 38]. Three (3) different
cut offs were used in this study labelled cut off
1, cut off 2, cut off 3, to distinguish neuropathic
pain from nociceptive pain.

Reliability

ROC was conducted in three (3) studies
(Table 7.3) with three different cuts off. One (1)
study reported cut off 10 with sensitivity 78.8%,
Specificity 76.6%, PPV 81.2%, NPV 73.9%. One
(1) study adopted Cut off 10.5, Sensitivity 87%,
Specificity 88%, Cut off 11, Sensitivity 90.1%,
Specificity 72.1 %, Positive Likelihood value of
3.23, Negative Likelihood value of 0.2, PPV 67.4
and NPV 91.0% with Youden index value of 0.62.
Three (3) studies adopted cut off 12 with sen-
sitivity ranging between 72.3-88.7%, specificity
ranging between 78.8-95.2%, Positive likelihood
value of 3.8 and Positive likelihood value 0.2
was recorded in one (1) study (Lépez-de-Uralde-
Villanueva et al., 2018); PPV ranging between
70.8-96.2%, NPV between 69.4-91.4% with
Youden index value 0.61 reported in one study.
Cut off of 13 showed sensitivity of 81.7%,
Specificity 79.3%, Positive likelihood value of 4,
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Negative likelihood value of 0.2, PPV of 71.6%,
Negative Predictive value 87.1 with Youden
index value of 0.61.

PainDETECT

Description

Four (4) studies were included in the
translated original using this instrument
between 2012 to 2017 in population with local
language Hindi [15], Japanese [36], Spanish [35]
and Turkish [34]. Total sample size reported
was 974, out of this, 371 participants had
neuropathy, 364 and 239 participants were
diagnosed with nociceptive and mixed pain
respectively. Five (5) studies included reported
forward translation, the translation was re-
ported twice in five (5) studies. Backward
translation was reported in five (5) studies
conducted twice in five studies. Expert
assessment was conducted in five studies. Pilot
study was conducted in one (1) study [15].

PainDETECT validity characteristic

Internal validity of the terms was reported
in the five (5) studies by Cronbach alpha
reported ranges from 0.78-0.86. Test-retest
validity was reported in five (5) studies and ICC
reported ranges between 0.934-0.98 in five (5)
studies included. Four (4) studies reported
ROC [15, 34-36].

PainDETECT Reliability characteristic

Table 8.3: Four cut offs were reported in the
studies included using PainDETECT instrument.
Cut off 12, the sensitivity was between 84-93%,
Specificity 66-68%, two studies reported PL 2.7
and 2.9; NL 0.1 and 0.2; PPV was reported by
four (4) studies ranging between 73-87%, NPV
65-88% and Youden index value of 0.575 and
0.519 reported in two studies (Table 3).

Two (2) studies made use of cut off 17,
Sensitivity 81%, Specificity 80 and 81%; Positive
Likelihood 4.1 and 4.3; Negative predictive value
65 and 81 with Youden index values of 0.613
and 0.624. One (1) study reported cut off of 18,
Sensitivity 83%, Specificity 91%, PPV 90% and
NPV 84%. Three (3) studies adopted cut off of
19, specificity between 71-79%, Specificity 83-93
%, Positive likelihood reported in two (2) studies
with values of 4 and 4.4, Negative likelihood 0.3
and 0.4, PPV reported in three (3) studies
ranging between 82-90%, NPV between 55-79%
with Youden index reported in two (2) studies
of 0.531 and 0.613 (Table 3).

Discussion

The aim of the study was to conduct a
qualitative systematic review to determine the
psychometric property of translated, validation

and reliability of neuropathic pain screening
tools (LANSS, DN4 and PD-Q).

DN4 instrument

The participants’ average sample size was
above 30 in all the included studies, and this
indicated that all the included studies had the
sample size sufficient to represent the population
and achieve the aim of the study, and the sample
mean on normal distribution. Forward and
backward translation were conducted in 90% of
the included studies from local languages
(Arabic, Brazillian-Portuguies, Farsi, Greek,
Italian, Japanese, Korean and Spanish) into the
English language and from English into local
languages in the included studies. Tsang et al.
[39] reported that this process is an important
stepin translation, the more times the translation
the better chances of avoiding the error of bias.
The reported Cronbach alpha value was higher
than 0.6 that indicated an acceptable internal
consistency among the items and accurate
translation with exception of one study [17]. The
involvement of expert assessment in over 80%
of the included studies was in agreement with
the set-out guidelines for the process of accurate
translation [39]. Furthermore, a pilot study was
conducted in most of the studies included which
is an essential step in determination of the
reliability of the itemsinvolved in the questionnaire
and the validity of the test instrument. The value
of Cohen’s Kappa was low and high score
reported by the pain expert was higher than
normal values indicating a profound agreement
among the pain experts. The average high
sensitivity values and specificity values reported
in the instrument pointed to a good validity of
this instrument in differentiating neuropathic
pain cohort from non-neuropathic pain groups.

The high average value of positive likelihood
decreased as the cut off increases. The same
pattern of decrease was observed in positive
likelihood, however no obvious change in the
negative likelihood was evidenced. Positive
likelihood and negative likelihood were
considered important factors in the measu-
rement of sensitivity and specificity in test
population. Considering the reports from the
included studies, an optimum value sensitivity,
specificity, positive predictive value was
reported at cut off 4 at average value, which
could make it a better cut off in agreement with
Bouhassiraetal.[11]inthe original development
of the DN4 instrument.

DN4-interview

The participants sample size in this review
(n=416) was greater than 30 in all the included

(=]
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studies [17, 27] using DN4-interview instrument;
this indicated that all the studies were sta-
tistically adequate, and the sample mean was
on normal distribution. Forward and backward
translation were conducted in 67% from local
languages (Arabic and Italian) to the English
language and from English to local languages
at least (three times) which were reported as
important steps in translation process, as men-
tioned previously, the more times the transla-
tion - the better chances of avoiding the error
of bias. Tsang et al. [39] recommended a mini-
mum of twice forward and backward translation
for a good translation procedure. There was no
specification on the number of times for back-
ward translation that could lead to a possible
limitation when using this instrument. The re_
viewed Cronbach alpha value using this instru-
ment (0.55-0.862) was averagely higher than
0.6 (the minimum Cronbach alpha value for a
good internal consistency) that indicated an
acceptable internal consistence among the
items, a general internal consistency measured
(dichotomized measurement of reliability) by
the Kuder-Richardson formula (0.86) which is
close to 1 as recommended for a good reliability
[40] with exception of one study [17].

Moreover, expert assessment in over 80%
of the included studies was also corroborating
with the set-out guidelines for the process of
adequate translation [39]. Inter-rated reliability
review showed a close point (0.9) to 1 in bru_
shing at low Cohen Kappa and 1 in hypoesthesia
to brushing and pinprick. This indicates a high
reliability in these two signs of measuring
neuropathic pain and shows that this instrument
is a good instrument and is consistent among
the pain-expert. Therefore, this instrument
could be used to distinguish neuropathic pain
from non-neuropathic pain.

Pilot study was conducted in most of the
studies (67%) included studies, this is an
essential step in determination of the reliability
of the items involved in the questionnaire and
hence the validity of the test instrument. The
optimum sensitivity (84-99%) and specificity
(58-90%) reported in the instrument pointed to
the fact that this instrument (DN4-interview)
was a highly sensitive and valid in distinguishing
neuropathic pain quality from non-neuropathic
pain. Comparing the optimal test scores value
of the translated DN4-interview instrument in
the included studies with the original DN4-
interview test score values, the performance of
the translated was not as good as the original
version.

LANSS

Our review on the psychometric translation
properties using LANSS showed the sample size
(n=90-213) indicating a good statistical sample.
Forward and backward translation were
conducted (80%) for the review [20, 28, 29, 31,
33] of the reviewed studies as compared with
the original version of LANSS. Test-retest
reliability was conducted in 55% of the studies
within the pain experts. Only one study
evaluated the intra-class correlation coefficient
(0.77) [29]. This is contrary to the expectation
from the original version, which showed that
the included studies reported Cronbach alpha
(0.67-0.9612) higher than 0.6, indicating a good
internal consistency among the items. Forward
and backward translation were conducted with
theinstrument good translation procedures in
75% of the included studies. Fifty percent (50%)
complied with minimum of twice forward
translation while twenty percent (20%) complied
with minimum of twice backward translation.
This shows that there were gaps in translation
procedures in 70% of the included studies [24,
29, 31-33]. Inter-rated reliability was conducted
in 20% of the included studies, which were
considered asanimportantstepin measurement
of reliability in instrument testing and the
validity of the instrument as compared with
original LANSS translation procedure. Thisisin
contrary to the setout procedure for a good
neuropathic pain instrument.

The average sensitivity value (85%) and
specificity values (92%) observed using this
instrument indicated that LANSS was a very
sensitive instrument and specific to measure
the neuropathic components of a pain patient
across alllanguages. Average Positive Predictive
value (93.7%) showed that the instrument was
an effective instrument in the determination of
components of LANSS questionnaire that
marked out neuropathic pain components. This
agrees with the Bennett study on the deve-
lopment of LANSS neuropathic pain screening
tool [9].

S-LANSS

The is a modification of the original LANSS
instrument without the clinical examinations
that was developed by Bennett et al. [41]. Our
review indicated that the internal consistence
measured by Cronbach alpha (0.67-0.74)
showed high internal consistency among the
itemsincluded in the instrumentin a population
sample size of average (n=145), which was
statistically dependable sample size. Forward
and backward translations were conducted in
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all the studies (two times) that was the mini-
mum number of times it should be carried out;
pilot study was conducted with involvement of
expert assessment in all the included studies.
This review proved Cronbach alpha (0.67-0.74
range) of above 0.6 recommended for a good
internal consistency in translation research [42].
However, the Test - retest reliability was con-
ducted (90%) of the included article, which is
an important procedure to measure good
translation procedure. Our review on this
instrument showed an average sensitivity value
(83.02%) and specificity (80.3%); these values
indicated that the instrument was sensitive in
determination of the neuropathic component
of pain patients. The value of the sensitivity
deceased as the cut off value increases from 12
to 13 in a population sample size of 154 [38] in
association with decrease in the value of NPV
as the cut off value deceased. This review showed
an optimum value of sensitivity, specificity, and
the positive predictive value at cut off 12,
indicating a high performance of the instrument.
This cut off 12 was also reported by the three
studies, which could make it an acceptable cut
off to distinguish neuropathic pain patients
from non-neuropathic pain patients.

PD-Q

All the included studies conducted forward
and backward translation twice (in agreement
with the recommended standard). Most of the
studies did not conduct any pilot study. This is
contrary to the guideline for translation
procedures, which is an important primary step.
The internal consistency of the items measured
by evaluating the Cronbach alpha values (0.78-
0.86) showed a high internal consistency among
the items listed on the instrument. Our review
showed that Test-retest reliability was con-
ducted in all the included studies with the
average value of interclass correlation coef-
ficient (0.95), suggesting a high validity of the
instrumentin all the translated versions of PD-Q
reviewed in the diagnosis of neuropathic pain
from non-neuropathic pain. The studies
showed an average sensitivity value (82.3%)
and specificity (80.5%) that indicated that PDQ
was a sensitive instrument in the determination
of neuropathic pain component, and the items
were very specific in the determination of the
symptoms of neuropathic pain.

Conclusions

The original DN4 and LANSS had the most
evidence for their psychometric, reliability and
validity properties in peer-reviewed articles.

These tools were designed to assess the
neuropathic pain quality in a test population
through differentiating signs and symptoms
between neuropathic and non-neuropathic
pain patients. Furthermore, these screening
questionnaires may provide an indication of the
presence of neuropathic pain quality; however,
they cannot replace a clinical assessment. It is
clear from the studies that most of the instru-
ments do not assess psychometric, reliability
and validity properties effectively. For those
that were assessed, not all of them were
satisfactory, and most of the findings were
supported by low or very low level of evidence.
In conclusion, we recommend that both the
clinical assessment and neuropathic pain-
screening tool are pivotal in the diagnosis of
neuropathic pain component in pain patients
in clinical settings.

Recommendations

These three neuropathic pain screening
tools (DN4, LANSS and PDQ) translated version
as performed ultimately well in other local
languages at their test population but none of
these has been developed in the African Lan-
guage, it will be a valuable interest also to
evaluate the performance of this tool by deter-
mining the reliability and validity properties.

To increase the sensitivity, reliability and
validity of these screening tools, efforts should
be taken to carry out forward and backward
translation more than twice from original
version of the tools. Additionally, the use of
language translation experts in both the
original version and the translated local version
of the original screening tool should be used
for transcription and translation process.
Moreover, translation into as many local
languages as possible should be made to
ensure consistency of the methodology and the
properties should be measured by the tools.

This would be especially valuable in the
sub-Saharan African region where most of the
population might not be proficientin the lingua
franca. We have just completed the translation
of the DN4 screening tool into IsiZulu (a
commonly spoken Nguni African language in
South Africa) in our research group. In future
studies, we will assess the sensitivity, reliability,
and validity of this translated version and
evaluate its feasibility in line with other pre-
viously translated versions.
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CUCTEMATHYHHUI OIS METOAIB IICHXOMETPII, HAJIMHOCTI
TA BAJII/THOCTI IIEPEKJIAZJIEHAX OMTUTYBAJIBHUKIB /JI51 CIIOCOBIB
CKPHHIHTY HEMPOIIATHYHOI'O BOJIIO (DN4, LANSS I PDQ)

1 CIYHA 2005 - 19 JIMITHA 2019

T.R. Fagbohun

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG, SOUTH AFRICA

Betyn. Jns ckpuHiH2y Heliponamuy4Ho20 60110 8ukopucmosyroms pizHi onumysansHuku (DN4, LANSS ma

PDQ), ski 6ynu nepeknadeHi Ha OeKinbKa N0KANbHUX MO8 ma eanidoeaHi. LLjob eusHayumu HaodiliHicme yux
3acobie ma ix 30amHicme 8i0pi3HAMU Heliponamuy4Hul 6inb 8i0 HoyuyenmueHoz20 npu diaeHocmuyi, 6ya10
npoeedeHo cucmemamuy4Huli 02150 045 CUHXPOHI3ayil enacmusocmeli ma npunyujeHHs npo HadiliHicme
nepeknadeHoi gepcii yux 3acobie CKpuHiH2y Heliponamu4yHo20 60t0.

MeTa. lpogecmu o6rpyHmosaHuli cucmemamuyHuli 02450 0415 OYiHKU ncuxomempii, HadiliHocmi ma
eanioHocmi DN4, LANSS ma PDQ y nepiod 3 ciuHs 2005 no 2019 pik.

MeTopn. [8oe He3anexHUX peyeH3eHmie nposeau nowyk 8ionogioHux cmamed y Pubmed, Scopus ma
Web of Science Ha ocHosi kpumepiig ekntodeHHA JBI (IHcmumym fxcoaHu bpieac). AaHi, ompumaHi 3i cmamed,
6ynu cuHmMe308aHi y 8u2a10i mabauyi.

Pe3ynbTaTu. B 02150 6yu ekntoveHi 08adysme wicms cmameli 3 DN4 (n=11), LANSS (n=8) ma PDQ (n=4),
nepeknadeHux 3 aHenilicekoi Mosu Ha giciM Micyesux mos. Yymausicme ma cneyupiyHicmes wkanu DN4

Konueanucs 8id 75% 0o 98% ma 37,3% do 96% sionosioHo. BHympiwHs HadiliHicme (a) nepeknadeHoi sepcii

DN4 konusanaca e mexcax 0,55-0,862

Yymaueicme ma cneyu@iyHicme wikanu LANSS konusanucs id 75% 0o 98% ma 37,3% 0o 96% eionoeioHo.
BHympiwHs HadiliHicme (a) nepeknadeHoi eepcii LANSS nepe6yeana e mexcax 0,67-0,96

Yymaueicme ma cneyugiyHicme wkanu PDQ koausanucs 8id 75% 0o 98% ma 37,3% 0o 96% eionoeioHo.
BHympiwHs HadiliHicme (a) nepekanadeHoi eepcii PDQ 3Haxodunacs e mexcax 0,81-0,86.

BUCHOBKW. Yci nepeknadeHi iHCmpymeHmMu npooeMOHCMpPy8aau Xopowy 8HYMpIiwH0 y3200xeHicme
esieMeHmis, BUCOKY YymAu8icmb ma No3umusHe NPo2HOCMUYHE 3HaYeHHS, 00HOK He A0CA2a/1U PiHS opuziHanie.
ToMy 04151 HanexcHOI diaeHOCMUKU nayieHmie 3 Heliponamu4YHUM 60/1eM Yi CKPUHIH208i iHCMpymMeHmMu
NpPONOHYEMbCA BUKOPUCMOBY8AMU PA30OM 3 KAIHIYHUM 06CMENEeHHSAM.

K/TKOYOBI C/I0OBA: HeviponaTU4HWA 6iNb; NO3UTUBHA VIMOBIPHICTb; HeraTUBHa MMOBIPHICTb;
NO3UTUBHE NMPOrHOCTUYHE 3HaYEHHSA; HEeraTMBHE NPOrHOCTUYHE 3HAYEHHS.
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A CROSS SECTIONAL STUDY OF LIPID PROFILE IN NON-DIABETICS
WITH STROKE IN URBAN CHITRADURGA

S.B. Vijeth, *V. Mangasuli, A.M. Amrutha,
N. Bhoovanchandra, B. Sidenur
BASAVESHWARA MEDICAL COLLEGE AND HOSPITAL, CHITRADURGA, INDIA

Background. The amount of evidence regarding the relation between serum lipids, lipoproteins and
cerebrovascular accident is not adequate. The atherogenecity of diabetics and non-diabetics are different.
Therefore, non-diabetic patients were included in the study.

Objective. To study lipid abnormalities in non-diabetic stroke patients in our setup.

Methods. The study was carried out at the Department of General Medicine, BMCH, Chitradurga, during
the period from june 2020 to December 2020. The lipid profile and the fasting blood sugar rates of 50 stroke
patients without diabetes were studied. Their serum samples were assessed for fasting blood glucose (FBG), total
cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol (LDL) and high-density lipoprotein cholesterol
(HDL) by using standard biochemical methods.

Results. The age distribution of the subjects was from 19 to 72 years with a mean age of patients 54.8+15.75
years. Among patients 31 (62%) were males and 19 (38%) were females. Among the study subjects 58% were
hypertensive, 76% were smokers, 32% were alcoholics and 34% had family history of cerebrovascular accident.
Among ischemic stroke group, the most common deranged value in the ischemic group was decreased HDL
deranged in 54.1% of patients; the second most common deranged value - increased VLDL deranged in 40.5%.
Among the hemorrhagic group the most common deranged value was also decreased HDL, which was deranged
in 46.1% of patients and the second most common deranged value - increased total cholesterol, which was
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deranged in 53.8% patients.

Conclusion. Lipid profile should be considered while predicting the risk of stroke.
KEYWORDS: lipid profile; dyslipidemia; non-diabetic stroke; serum cholesterol.

Introduction

As per World Health Organization, stroke is
defined as a clinical syndrome consisting of
rapidly developing clinical signs of focal (at
times global) disturbance of cerebral function,
with duration lasting more than 24 hours or
leading to death with no apparent cause other
than that of vascular origin [1].

Stroke is the second leading cause of death
worldwide causing 6.2 million deaths in 2011
[2]. Stroke is a medical emergency which is an
acute neurological injury that occurs due to
vascular pathology and presents as a brain
infarction or haemorrhage. The modification of
risk factors in stroke has brought down both
mortality and morbidity of stroke remarkably
in the last 30 years. Dyslipidemia is a major risk
factor for stroke. It has been established that
reduction of total cholesterol, LDL cholesterol,
trigycerides, VLDL cholesterol and increasing

*Corresponding author: Vijayalaxmi Mangasuli, Assistant
Professor, Basaveshwara Medical College and Hospital, Chi-
tradurga, Karnataka, 577501, India. E-mail: dr.vijugokak@
gmail.com

HDL cholesterol by drugs decreases the inci-
dence of stroke.

In our study, lipid profile was studied in
non-diabetic patients with stroke. Diabetes
itself is associated with hyperlipidemia and
increased atherosclerosis which makes it an
undisputed risk factor for stroke. The athero-
genecity of diabetics and non-diabetics are
different. With this background, we conducted
the study of lipid profile in the non-diabetics
with stroke in our setup.

Methods

Patients with stroke and non-diabetic atten-
ding OPD and IPD of the Department of General
Medicine of Basaveshwara Medical College and
Hospital, Chitradurga, were enrolled in the
study. Patients with haemorrhagic strokes,
embolic strokes, past/present H/O diabetes
mellitus or history of head injury or usage of
anti-coagulant drugs were excluded from the
study.

The study took place over the period of 6
months from June 2020 to December 2020.
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Sample size estimation was performed using
open epi software version 2.3.1 at 95% con-
fidence level, 80% power of the study, proportion
of cases with stroke with raised lipid parameters
as 70% [3]. Sample size estimated was 37
inflated to 50.

A brief personal history and medical history,
including brief histories about co-existing
disease states, family history of diabetes
mellitus, and history of hypertension, past and
presentillnesses, dietary pattern, addiction and
medication were recorded in self prepared
questionnaire. Detailed general physical exa-
mination, systemic examination and neuro-
logical examination were performed to all the
patients and were recorded.

The investigations done for the patients at
presentation included fasting lipid profile
(serum total cholesterol, serum triglycerides,
serum high density lipoproteins, serum very
low density lipoproteins, serum low density
lipoproteins) and HbA1c levels [4].

Data was entered in excel sheet and analy-
sed using the Statistical Package for the Social
Sciences 20 (SPSS Inc. Chicago). Results were
presented in tabular and graphical forms.
Mean, median, standard deviation and ranges
were calculated for quantitative data. The Chi
square analysis was used in testing for signi-
ficant differences between proportions and
frequencies. The T-test was used in testing for
significant differences between two means. The
confidence interval was set at 95% limit, with
level of significance, p<0.05.

Results
50 patients were enrolled in the study. The
age distribution of the subjects was between

19 to 72 years with mean age of patients
54.8+15.75 years. 31 (62%) were males and 19
(38%) were females. It was established that 58%
of our study subjects were hypertensive, 76%
were smokers, 32% were alcoholics and 34%
had family history of CVA (Table 1).

Analysis of lipid profile among both the
groups of stroke, i.e., hemorrhagic and ischemic
stroke, revealed that the most common rate
deranged in the ischemic group was decreased
HDL, which is deranged in 54.1% of patients and
the second most common rate deranged was
increased VLDL, which was deranged in 40.5%.
Among the hemorrhagic group the most com-
mon deranged rate was also decreased HDL,
which was deranged in 46.1% of patients, and
the second most common deranged rate was
increased total cholesterol, which was deranged
in 53.8% of patients (Table 2).

Our study concluded a significant asso-
ciation between serum total cholesterol, trigly-
ceride, LDL level, VLDL level and risk of stroke.
High levels of total cholesterol, triglycerides,
LDL cholesterol were associated with higher
risk of stroke. Lowered HDL cholesterol levels
were not significantly associated with stroke.
The ratio of HDL/LDL cholesterol, TC/HDL cho-
lesterol for males and females was evaluated.
However, the association with risk of stroke was
not found (Table 3).

Discussion

Association of Total Cholesterol to the
Non-Diabetics with Stroke

Our study involved 50 subjects and total
cholesterol was elevated in the non-diabetics
with stroke. The serum total cholesterol levels
in cases of either ischaemic or haemorrhagic

Table 1. Risk factors of stroke among study participants

Variables Hemor{:i%c) Stroke Ische(rr?zlcé%troke Chi-square test
Gender Male 9(69.2) 22 (59.5) 0.4
Female 4(13.8) 15 (40.5) p=0.5
Age in years <30 1(7.6) 2 (5.4) 1.4
30-60 6 (46.2) 24 (64.9) p=0.5 E
>60 6 (46.2) 11 (29.7) 5
Hypertension Present 9(69.2) 20 (54.1) 0.9 E
Absent 4(30.8) 17 (45.9) p=0.3 75|
Smoking Yes 8(61.5) 30 (81.1) 2.01 E
No 5(38.5) 7 (18.9) p=0.2 —
Alcoholic Yes 5(38.5) 11 (29.7) 0.34 <Zf‘
No 8 (61.5) 26 (70.3) p=0.6 5
Family h/o CVA Present 5(38.5) 12 (32.4) 0.16 —~
Absent 8 (61.5) 25 (67.6) p=0.7 Z
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Table 2. Lipid profile among cases and controls

Variables Hemor(rrr:i%c) stroke Ische(r:zlg%troke Chi-square test
Total Cholesterol <200 7 (53.8) 24 (64.8) 0.6
200-240 5(38.5) 9(24.3) p=0.5*
>240 1(7.7) 4(10.9)
Serum Triglyceride <150 6 (46.1) 21 (56.8) 0.7
150-199 4(30.8) 11 (29.7) p=0.5*
200-499 3(23.1) 5(13.5)
LDL cholesterol <100 7 (53.8) 17 (45.9) 0.5
100-130 1(7.7) 9 (24.4) p=0.5*
131-160 3(23.1) 5(13.5)
>160 2 (15.4) 6(16.2)
HDL cholesterol <40 6 (46.1) 20 (54.1) 0.24
>40 7 (53.8) 17 (45.9) p=0.6
VLDL cholesterol <30 6 (46.1) 22 (59.5) 0.7
>30 7 (53.8) 15 (40.5) p=0.4
Note. * - Fisher’s Exact Test.
Table 3. Comparison of lipid profile between types of stroke
Lipid Component Mean VaISL;(:(;QeISChemIC Mean Valutggpolljeemorrhaglc P Value
TC 171.5 214.7 0.001
Serum TG 138.2 163.7 0.018
HDL 43.4 45.8 0.822
LDL 100.5 136.1 0.004
VLDL 27.6 32.7 0.174
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stroke were high (10%) (total cholesterol >240
mg% according to the Adult Treatment Panel
(ATP) - the 3 guidelines of National Cholesterol
Education Program (NCEP)).

Similar studies by Sreedhar K et al. [5] Ben-
fante et al. [6], Di Mascio et al. [7] showed both
ischemic and hemorrhagic stroke were asso-
ciated with increased cholesterol levels.

Contrary to our study, Iso et al. [8] em-
phasized an inverse association between serum
cholesterol level and hemorrhagic stroke. There
was no correlation between serum cholesterol
and risk of stroke in a study by Harmsen et al.
[9] Rastenyte et al. [10] and Hart CL et al. [11]

Association of Triglycerides to the Non-
Diabetics with Stroke

It was established that serum triglycerides
were high in 23.1% of hemorrhagic stroke
patients and 13.5% of ischemic stroke patients
(>200 mg% according to ATP - 3 guidelines).
Sreedhar K et al. [5] in his study showed 80% of
non-diabetic stroke patients with S.triglyceride
>200mg/dl had ischemic stroke and the other
20% had hemorrhagic stroke. Tilvis R.S et al.
[12]in his study showed serum triglyceride was

higher in ischemic stroke. Farid et al. [13] also
had similar results in his study in 1972. Ha-
chinski et al. [14] showed a positive association
oftriglyceridesin patients with atherothrombotic
stroke and transient ischemic attacks compare
to the control subjects. Albucher J.K et al. [15]
2000 showed serum triglycerides in normal
range in the study on stroke.

Association of Serum HDL Cholesterol to
the Non-Diabetics with Stroke

In the study of HDL cholesterol in stroke
patients, it was found out that the ischemic
group (54.1%) patients had greater abnormal
levels (<40mg% according to ATP - 3" guidelines)
than the haemorrhagic group (46.1%). Simons
et al. [16] study revealed that HDL cholesterol
had protective effect on ischemic stroke. Alok
Mohankar et al. [17] in 1993 showed that
increased LDL levels and low HDL levels were
associated with atherosclerosis. Albucher et al.
[15] study clearly indicated HDL - cholesterol
as the only lipid associated with stroke risk. It
emphasised the need for management of low
HDL cholesterol in young patients regardless
of atherosclerosis.
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Association of Serum LDL Cholesterol to
the Non-Diabetics with Stroke

Among ischemic stroke cases, 16.2% had
high LDL cholesterol and this was 15.4% among
haemorrhagic stroke cases. Sreedhar K et al.
[5] showed that high levels of serum LDL
cholesterol had significant risk of ischemic
stroke in the non-diabetics. Botet etal. [18] and
Hachinski et al. [14] showed positive correlation
between LDL cholesterol levels and risk of
stroke. Kurth T et al. [19] 2007 showed remar-
kable increase in serum LDL levels in ischemic
stroke patients.

Association of Serum VLDL Cholesterol
to the Non-Diabetics with Stroke

In our study, among ischemic stroke cases
40.5% had increased VLDL cholesterol and this
was 53.8% among haemorrhagic stroke cases.
Bidyadhar et al. [20] 1984 showed that VLDL was
increased in their study on stroke. Sreedhar K
et al. [5] in the study showed that high VLDL
was not associated with risk of stroke in non-
diabetic patients.

Conclusions

According to our study the conclusion can
be drawn that the most common type of lipid
abnormality were abnormal triglycerides,
abnormal VLDL, abnormal LDL. So, these
parameters should be considered while pre-
dicting the risk of stroke in a dyslipidemic
patient. Stroke patients with dyslipidemia need
acomprehensive health care approachinvolving
dietician, physician and good bio chemistry
back up. In Indian scenario, where majority of
the patients belong to the low socio-economic
status, life style modification plays a more
important role in prevention and management
of stroke and dyslipidemia in contrast to high
cost of lipid lowering agents.
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INOIIEPEYHE AOCUII>KEHHS ITOKA3HHKIB JIIIIIAHOI'O ITPOPLIIO
V IIAIIIEHTIB-HEAIABETHKIB, KOTPI IIEPEHECJ/IH IHCVJIBT, MICTA

YUTPAAYPTA

S.B. Vijeth, *V. Mangasuli, A.M. Amrutha, N. Bhoovanchandra, B. Sidenur
BASAVESHWARA MEDICAL COLLEGE AND HOSPITAL, CHITRADURGA, INDIA

BcTyn. 38'A30k MixC pieHem cuposamkosux ninidis, nAinonpomeiHie ma 4acmMomor pPo38UMKY NOPYUIEHb
M03K08020 Kpogoobicy He € docmamHbo dogedeHuM. OCKiNbKU pieeHb amepozeHocmi diabemukie ma
Hediabemukie € pi3HUM, MOMY 8 00CNIOHCeHHS byu 8KAOYEHI nayieHmu 6e3 diabemy.

MeTa. Bug4eHHs nopyuweHs NinidHo20 06MiHY y nayieHmis 3 Hediabemu4HUM iHCY1IbMOM y Micyesili NiKapHI.

MeToawn. JocnidxeHHs nposodusoca y General Medicine Department, BMCH, Chitradurga npomszom

nepiody 3 uepsHs 2020 poky no 2pydeHb 2020 poky. Bug4ascs ninioHul npogine ma NOKA3HUKU 2aikemii Hamuje
¥y 50 nayieHmig 3 iHCynemom 6e3 diabemy. BuzHauanucs emicm 2nwko3u kposi Hamuwe (FBG), 3a2a/16H020
xonecmepuHy (TC), mpuzaiyepudie (TG), ninonpomeidie HU3bKoi wineHocmi (LDL) ma ninonpomeidie sucokoi
winsHocmi (HDL) 30 donomoz2or0 cmaHOapmHux 6ioximiyHux Memodie.

PesynbTaTu. Bikosuli po3nodin nayieHmie cknadae 8id 19 do 72 pokis i3 cepedHim sikom 54,8+15,75 pokis.
Yonosiku cmaHosunu 62% (31), xiHku - 38% (19). Ceped docnidxiysaHux 58% manu 2inepmoHiyHy xeopoby,
76% 6ynu Kypyamu, 32% - ankoz20iku, a 34% manu cimeliHUG GHAMHE3 i3 NOPYLWEeHHAM MO3K08020 Kp0800obizy.
Ceped 2pynu iwemiyHO20 iHCY1bMY Hallyacmiwie Cnocmepieanocs 3HUXeHHs Ainonpomeidie 8UCokoi wineHocmi
(54,1%), Opy2um HalinowupeHiwumM 8iOXUneHHAM 6y/10 36inbUeHHs Ainonpomeidie dyxe HU3bKOI WinbHOCMIi -
y40,5%. Ceped 2pynu 3 2eMopaziyHUM iHCY6MOM HalilYacmiwie cnocmepi2anocs MAaKoX« 3HUXEHHA Ainonpomeidie
8UCOKOI WinsHocmi, ke susienanoca y 46,1% nayieHmis, dpy2um HalinowupeHiwum 8ioXusneHHAM 6y10
36in16WEHHSA 3020/16HO20 X0/1€CMepPUHY, sike cnocmepizanoca y 53,8% nayieHmie.

BUCHOBKMW. [1id 4aC NPO2HO3YBAHHSA pU3UKY iHCYAbMY C/1id 8paxosyeamu AinioHUU npogine.

KJ/TKOUOBI C/IOBA: ninigHuia npodink; gucninigemisa; HepiabeTUUHMI iIHCYNIBT; CMPOBATKOBUA
XoNecTepuH.
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ADULT-ONSET CYSTIC HYGROMA IN AXILLA: A RARE CASE REPORT
FROM INDIA AND LITERATURE REVIEW (case report)

*R. Pandey’, R. Kumar?', S. Maheshwari’,
T.S. Singh’, S. Bhalla', I.D. Khan?

1 - BASE HOSPITAL, TEZPUR, ASSAM, INDIA

2 - COMMAND HOSPITAL, UDHAMPUR, INDIA

Background. Cystic hygroma (CH), occurs in 1/6000 live births and in 90% of cases develops in age less than
2 years old. They are mainly located in cervicofacial region. Adult-onset CH is very rare.

Objective. The aim of this study is to review literature to discuss the clinical presentation, diagnosis, and
treatment of CH in adults through a case report of unilocular CH in the axillary region in an adult male from
India.

Methods. A first case report of unilocular CH in axillary region in an adult male from India is being
investigated.

Results. Here we report a case of unilocular CH in the axillary region in a 49-year-old male with a 14x16x8
cm cystic swelling in left axilla with a history of aspiration failure. Contrast-enhanced MRI (CEMRI) showed well-
defined thin walled, unilocular cystic lesion which appeared hyperintense on T2 & STIR and hypointense on TTW1
and showed thin peripheral rim of enhancement on post contrast images. The patient underwent surgical excision
and the diagnosis of a pathological CH was established. His postoperative recovery was uneventful and had no
evidence of recurrence.

Conclusion. Due to rarity of adult-onset unilocular CH in axilla, its evaluation for prompt diagnosis and
definitive treatment to prevent recurrence and complications is urgent. Furthermore, this is the first reported
case from India which has been successfully managed at a peripheral hospital in Northeast-India and our report
of this case contributes to the evidences supporting the role of CH in a differential diagnosis for masses in the

SURGICAL DISEASES

adult axilla, especially in acute phase with no predisposing factors.
KEYWORDS: cystic hygroma; cystic lymphangioma; adult-onset; axilla.

Introduction

Cystic hygroma (CH), also known as cystic
lymphangioma, first described by Redenbacker
in 1828, is a congenital malformation of the
lymphatic system, occurring either due to
sequestration or obstruction of developing
lymph vessels [1-3]. The incidence of CH is
1/6000 live births [4]. 90% of CH develops in the
age of less than 2 years and accounts for one-
tenth of all paediatric soft tissue tumours [2].
The five main locations are cervicofacial,
axillary, inguinal, retroperitoneal, and thoracic
regions; orbit, shoulder, breast, mediastinum,
pancreas, liver, ovary and fallopian tubes are
other uncommon sites [1, 3].

Adult-onset CH is very rare; only less than
150 cases have been reported [4]. Its occurrence
in axilla is extremely rare [4-7]. At the Indian
subcontinent, only three case reports are
available in the literature [8-11]. To the best of

*Corresponding author: Rahul Pandey, Assistant Professor
Surgery, Department of Surgery, Base Hospital, Tezpur, Assam,
784001, India. E-mail: rahuladviksimpy@gmail.com

our knowledge, this is the first reported case of
unilocular CH in the axillary region in an adult
male from India. In view of extremely rarity of
the disease in adults we review the literature
to discuss clinical presentation, diagnosis, and
treatment of CH.

Case Report

A 49-year-old male, with no known co-
morbidities, noticed a spontaneous onset of
palpable mass in the left axillary areain Jan 2021
and had initially reported to a medical centre.
The lesion was soft, movable, non-tender with
smooth skin surface at onset. Initial ultra-
sonography (USG) of left axilla revealed a
64x42x46 mm unilocular cystic lesion with no
calcifications within. Fine needle aspiration
cytology (FNAC) proved a benign cystic lesion
with no evidence of malignancy. The patient
underwent USG guided percutaneous aspiration
on Jan 16, 2021 and straw-coloured fluid was
aspirated. However, the mass recurred in one
week after aspiration. It kept growing slowly
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and became tense in four months. On exa-
mination at our centre, there was a 14x16x8 cm
cystic swelling in left axilla, extending to lateral
chest wall, not attached to underlying muscles
oroverlying skin as shown in Fig. 1. The swelling
was non-compressible and non-pulsatile. There
were no other palpable axillary masses grossly.
The patient denied any history of trauma at the
affected area, any recent infections and there
was no loss of weight or appetite.

USG axilla at our centre found an
8x10.5x11 c¢cm unilocular cystic lesion in left
axilla. No calcification/internal vascularity or
breach in deep fascia was noted. The contrast-
enhanced MRI (CEMRI) of left axillary region
showed well-defined thin walled, unilocular
cysticlesion, 10.5x9.5%11.5 cm in size extending
inferiorly along the lateral chest wall. It was
hyperintense on T2 & STIR and hypointense on
T1W1 as shown in Fig. 2. The lesion showed thin
peripheral rim of enhancement on post
contrastimages. Neither invasion of underlying
muscles or lateral chest wall nor locoregional
lymphadenopathy was seen.

In view of failure of image-guided percu-
taneous aspiration at the previous centre, de-
cision of surgical excision was taken. Tumour

Fig. 1 (A, B). Preoperative image showing 14x16x8 cm cystic
swelling in left axilla, extending to lateral chest wall, not at-
tached to underlying muscles or overlying skin.

Fig. 2. (A) TTWI sagittal section showing a large, well-defined, thin walled, unilocular cystic lesion, size 10.5%9.5x11.5 cm
(APxTRxCC) was evidenced in the left axillary region extending inferiorly along the lateral chest wall. The lesion was hypointense
on T1IWL (B) T2WI axial section, showing hyperintense lesion with no internal septae/calcifications/mural nodules. (C) STIR
coronal section image showing lesion as hyperintense. (D) Post contrast axial image of lesion with thin peripheral rim of en-

hancement.
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excision was performed under general anaes-
thesia. Intraoperative findings were 15x15 cm
cystic swelling in left axilla extending from
pectoralis major to latissimus dorsi antero-
posteriorly and from axillary vein to angular
vein craniocaudally. The intraoperative image
and excised specimen are shown in Fig. 3 and
4 respectively. Fluid filled cyst with intact cyst
wall was completely excised. The wound was
primarily closed over suction drain. The drain
was removed on postoperative day five. The
patient was discharged after suture removal on
postoperative day eight and was under regular
follow-up via video-consultation due to the
imminent threat of COVID-19 pandemic.

The tumour grossly appeared brownish and
elastic, and the pathological diagnosis was CH.
Under microscopy, the specimen was composed
of thin-walled lymphatic spaces lined by flat
epithelium with a collagenous background and

accompanying lymphocytic infiltrates in the
surrounding fibroadiposal stroma as shown in
Fig. 5.

Discussion

CH is a benign and painless malformation
of lymphatic system either due to sequestration
or proliferation of lymphatics. It comprises 6%
of all paediatric soft tissue tumours and usually
presents in infants prior to the age of 1 year,
and about 90% of the lesions occur in children
younger than 2 years [12]. The most common
sites of occurrence are the posterior triangle of
the neck (75%), axilla (20%), and mediastinum.
However, it may also involve groin, retrope-
ritoneal space and pelvis [3].

CH is rare in adult and very few cases have
been reported in literature [4, 5, 7, 10-21].
Development of CH in adulthood is caused by
delayed proliferation of cell rests with infection,

Fig. 3. (A) - Intraoperative image showing well encapsulated uni-
locular macrocystic lesion. (B) - Intraoperative image, surgical bed
with completely excised lesion and arrow pointing at the neurovas-

cular pedicle lying in close proximity.

Fig. 4. Gross image of the excised specimen showing
a transparent well circumscribed unilocular macrocys-
tic lesion with straw-coloured fluid within it.

Fig. 5. Microscopic image, 40x magnification, in hematoxylin and eosin (H&E) stain, showing components of thin-walled vary-
ing sized dilated lymphatic spaces lined by flattened epithelium with chronic inflammatory cells in fibrous stroma, compatible

with cystic hygroma.
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trauma, or iatrogenic stimuli as being the pre-
disposing factors. Michail et al. reported a cystic
hygroma in a female patient which developed
rapidly in the axillary region in the absence of
any predisposing factors [7].

Axillary CH in adults is usually asymptomatic.
On physical examination, it appears as painless,
mobile cystic swelling with well-defined mar-
gins, is fluctuant and compressible. The clinical
course is usually progressive. Rapid progression
is due to lymph accumulation or on-going
haemorrhage inside that may lead to rupture
of the cyst. Pain and erythema over the swelling
indicates cellulitis or lymphangitis which may
progress to sepsis. Most common organisms
responsible for infection in CH are staphylo-
coccus and streptococcus.

Differential diagnosis of CH includes lym-
phadenopathy, abscess, hematoma and soft
tissue sarcoma. Diagnosis can be made with
adequate history and its characteristic ap-
pearance on clinical examination. USG, com-
puted tomography and MRI are all helpful
imaging tools to confirm the diagnosis [5, 6].
MRI is superior to computed tomography as it
offers detailed information about the soft tissue
mass and it also provides appropriate pre-
operative staging and exact anatomical deli-
neation for surgical planning. In the described
case, lesion appeared hyperintense on T2 &
STIR and hypointense on T1W1 as shown in
Fig. 2. The lesion showed thin peripheral rim of
enhancement on post contrast images. Role of
Fine needle aspiration cytology (FNAC) in
diagnostic workup of CH is criticised due to risk
of infection and bleeding associated with the
procedure. Walter Colangeli et al reported in
their study that FNAC had a low diagnostic value
and it did not modify the treatment approach
[14, 22]. In the described case, FNAC was
performed as initial workup before the patient
reported at our centre and hence it was not
repeated due to its limited yield in diagnosis.
Grossly CH may appear as unilocular or mul-
tilocular cystic lesions with varying size and is
classified as microcystic (size of the cyst less
than two cm), macrocystic (size of the cyst more
than two cm) and mixed variety [14]. Micro-
scopically CH on H&E staining appears as
varying sized dilated lymphatic channels with
chronicinflammatory cells in fibrous stroma [3,
4, 23]. In our case, unilocular macrocystic CH
was present in axilla and diagnosis was confir-
med on final histopathology.

Indications of treatment for CH are cos-
mesis, any associated complications like lymph

leakage, repeated inflammation and pressure
effect due to cyst. Treatment options for adult-
onset CH range from minimally invasive pro-
cedures to surgical excision [24]. Minimally
invasive modalities include image guided aspi-
ration and intralesional sclerotherapy (using
bleomycin, OK-432, doxycycline, acetic acid,
alcohol, hypertonic saline) and serial laser
therapy [25-26]. Sandeep K Rahul et al have
advocated successful use of bleomycin sclero-
therapy for a series of CH at unusual sites [27].
Although aspiration followed by sclerotherapy
is the preferred modality in infants, however
few studies have also shown its inefficacy [15,
28, 29]. Copley at al reported a case of CH in the
axilla, which was managed by ultrasound
guided aspiration but it was unsuccessful due
to recurrence, which was then managed
successfully by total excision [30]. Failure and
complications of sclerotherapy due to immune
response to OK-432 in multiloculated, micro-
cystic and mixed variety of CH have also been
frequently reported [31].

Minimally invasive procedures might have
been the standard of care for infantile CH but
surgical excision is still the mainstay of treat-
ment for adult onset CH as the lesion is well
circumscribed [16, 21, 23]. Few centres have
advocated a combined method of conservative
excision with deroofing of a cyst plus intra-
lesional sclerotherapy, in cases where complete
excision is not possible and damage to vital
structures are predicted [16]. Risk of rupture of
cyst per operatively, inadequate partial excision
due to its proximity to vital structures and
recurrence are the drawbacks with surgical
therapy [32]. In the described case, decision for
surgical excision was taken in view of failure of
image-guided aspiration, well encapsulated
unilocular macrocystic uncomplicated adult-
onset CH in axilla with minimal neurovascular
sacrifice.

Long-term follow up is suggested as very
few cases of adult onset CH is available in
literature [17]. GUner et al [5] managed a case
of axillary cystic hygromain an 83-year-old male
and did not find any recurrence during five
months’ follow-up period. McCaffrey et al. [4]
reported a case of cystic hygroma in a 58-year-
old male in right upper flank extending up to
axilla and there was no recurrence on follow-up
in one year after surgery. The patient in our
described case is regularly being followed up
via video-consultation and has had no re-
currence or complications till now.
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Conclusion

Due to rarity of adult-onset unilocular CH
occurring in axilla, its evaluation for prompt
diagnosis and definitive treatment to prevent
recurrence and complications is a topical issue.
Furthermore, this becomes the first reported
case from India which has been successfully
managed at a peripheral hospital in Northeast-
India and our reporting of this case contributes
to the evidences supporting the role of CHin a
differential diagnosis for masses in the adult
axilla, especially in acute stage with no
predisposing factors. CH presents as a soft,
painless, and movable cystic mass. Contrast
enhanced MRIis the imaging modality of choice
as it helps in confirming the diagnosis as well
as preoperative planning. Although a gamut of
treatment options is available for treating this

benign condition, surgical excision is still the
procedure of choice for adult-onset CH.
Furthermore, management of adult-onset CH
in the axilla with proximity to important
neurovascular structures is contributed by our
description of this rare case.
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KICTO3HA I'ITPOMA IIAXBH V JOPOC/THX: PIZIKICHHI BUIIA/IOK
3 IHAII TA OI'JIAA JIITEPATVPH (K/IiHiUYHUI BUIIA/I0K)
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Bctyn. KicmosHa 2izpoma (KI) 3ycmpiuaemecs y 1/6000 HogoHapooxceHUX i 8 90% eunadkie po3eu8aemscs
y 8iyi do 2 pokie. 3a3zeuyali KI' nokanisyemsca & wuliHo-nuyesili disHyi. Ky dopocaux 3ycmpivaemecs

Ha038U4aliHO pidKo.

MeTa. 3080aHHAM Yb020 O0CNIOHEHHSA € 024150 AiMepamypu ma 062080PEHHSA KAIHIYHOI KapMUHU,
diaeHocmuku ma nikyeaHHs Ky dopociux 3 onucom sunadky odHokamepHoi KI' naxeu y dopocs020 Yonoeika

3 IHOIT.

MeTopw. lTogidomasemeca npo nepuwiuli sunadok ooHokamepHoi KI naxsau y 0opoca020 Yonoeika 3 IHOii.
PesynbTaTtn. OnucaHuli sunadok ooHokamepHoi KI & naxsoeili 0inaHyi y 49-pi4H020 40/108iKa 3 KICMO3HOH

SURGICAL DISEASES

nyxauHot 14x16x8 cM e sisili naxeosili 3anaduHi 3 He8AAs0t0 acnipayieto 8 aHamHesi. MPT 3 KOHmMpacmom
(CEMRI) npodemMoHCmMpy8ana 4imko supaxceHuli mOHKOCMIHHUU 00HOKaMepHUl Kicmo3Hull ymeip, skul
gusesuscs 2inepiHmeHcugHumM Ha T2 ma STIR i einoiHmeHcueHuM Ha TTW1 ma mMae moHkul nidcuneHul
nepugepuyHuli 06i00K HO NOCMKOHMPACMHUX 306paxceHHSAX. [layieHmy npogedeHo xipypzi4He 8UCiYeHHS
ymeopy ma ecmaHoe/eHo nicasonepayitiHuli diazHo3 KT llicasonepayiliHuli nepiod e nayieHma npoxodus 6e3
03HaK peyuousy.

BucHoBoK. O0HokamepHa KI naxeu € pidkicHUM feuujem, momy ii npagunbHa diazHOCMuKa ma eubip
onMuUMaIbHOI MAKMUKU A1iKy8AHHS 04151 3aNn06i2aHHSA peyuousam i yCKNAOHeHHAM MO€E Nepuioyep208e 3HaYEeHHS.
Kpim mozo, daHuli eunadok € nepwiuM 3apeecmposaHuM 8 IHOii, ycniuiHe nikysaHHs 6y/10 npogedeHe 8 yMo8ax
nepugepuydHoi AikapHi Ha nieHiYHOMY cx00i IHOIl. JaHuli eUnadokK i N08iIOOMAEHHSA NPO HL020 NIOMeEepPOXyrMb
posb KI'y dugepeHyiansHil diazHocmuyi Hogoymeopig naxeu y 00poc/aux, 0C0bAUB0 MUX, W0 BUHUKAOMb
20cmpo i 6e3 nepedymos.

K/TFOYOBI C/IOBA: KicTo3Ha rirpoma; KictosHa nimdaHrioma; 3aXxBoploBaHHSA J0POCANX; NaxBa.
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INFLUENCE OF THICK EXTRACT FROM MAITAKE MUSHROOMS
ON SIGNS OF INFLAMMATORY PROCESS IN EXPERIMENTAL TOXIC
HEPATITIS

*L.I. Herasymets, L.S. Fira, LI. Medvid
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The priority of the contemporary pharmaceutical industry is to create effective, safe and
inexpensive drugs to ensure the highest quality of care and optimal use of available raw materials.

Objective. The aim of our study was to investigate anti-inflammatory properties of the Maitake mushrooms
thick extract in the experiment on rats with paracetamol(acetaminophen)-induced hepatitis.

Methods. 60 white male rats, weighing 180-210 g, randomized into 10 groups of 6 animals in each, were
used for the experiment. Paracetamol hepatitis was simulated by acetaminophen intragastric administering in
a dose of 1250 mg/kg 1 time per day (for 2 days) as a suspension in 2% starch gel solution. Maitake mushrooms
thick extract, which was administered intragastrically 2 hours before the administration of acetaminophen and
daily after the lesion in a dose of 150 mg/kg of the animal’s body weight, was used for the toxic lesion correction.
“Silibor” was selected as the comparison drug, which was administered according to the same scheme as the
investigated extract in a dose of 20 mg/kg of the animal’s body weight. Euthanasia was conducted on the 3, 7t
and 10" day of the experiment with sodium barbamyl. Liver homogenate and animal serum were used for the
studies. The development of inflammatory processes was studied by the content of pro-inflammatory and anti-
inflammatory cytokines, as well as C-reactive protein in the serum of rats with toxic hepatitis and after the
application of Maitake mushroom extract and the comparison drug.

Results. It was found that the introduction of acetaminophen to animals for the acute hepatitis simulation
is accompanied by changes in the cytokine profile, i.e. an increase in the level of IL-6 and a decrease in the level
of IL-4 in the serum of rats. Inflammatory development is evidenced by the content of C-reactive protein increase
in the blood of the affected animals. The application of Maitake mushroom extract facilitated bringing the studied

indicators almost to the level of intact control.

Conclusions. Reduction of inflammation signs in rats with the simulated paracetamol hepatitis under the
influence of Maitake mushrooms thick extract confirms its anti-inflammatory properties.
KEYWORDS: maitake mushrooms, paracetamol, acute hepatitis, inflammation.

Introduction

Due to the serious consequences of he-
patitis, there is a need for its earliest diagnosis
and appropriate pharmacotherapy. The search
for effective hepatoprotectors, which can
influence the initial stages of initiation and
development of inflammatory processes in the
liver without side effects, is an important task
of contemporary medicine [1, 2]

Maitake mushroom has properties for
which the Japanese have valued it for centuries:
the ability to lose weight, to reduce discomfort
and problems associated with menopause in
women, to gently eliminate the unpleasant
sensations of premenstrual syndrome, to lower
blood sugar level, to reduce the effects of
inflammation, to increase immunity due to B

*Corresponding author: Iryna Herasymets, Associate Professor,
I Horbachevsky Ternopil National Medical University, Ternopil,
46002, Ukraine. E-mail: irunaherasymets@gmail.com

polysaccharides, available in the composition
of the fungus [3, 4, 5, 6, 7, 8, 9].

The aim of our study was to investigate the
anti-inflammatory properties of the Maitake
mushrooms thick extract in the experiment on
rats with acute hepatitis induced by paracetamol
(acetaminophen).

Methods

The material for the experimental work was
a thick extract of Maitake mushrooms (TEOMM),
obtained by scientists from the Department of
Chemistry of Natural Compounds of the
National University of Pharmacy.

The experiments were performed on white
outbred male rats, weighing 180-210 g, kept on
the standard diet of the vivarium of I. Hor-
bachevsky Ternopil National Medical University.
All studies were conducted in compliance with
the rules of bioethics in accordance with the
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“European Convention for the protection of
vertebrate animals, which are used for expe-
rimental and other scientific purposes” [10].

Intoxication with acetaminophen, which
was administered intragastrically in a dose of
1250 mg/kg 1 time per day for 2 days as a
suspension in 2% starch gel solution, was a
model of toxic lesions in rats [11, 12]. TEOMM
was administered intragastrically 2 hours
before administration of the toxic agent and
daily after the lesion in a dose of 150 mg/kg of
the animal’s body weight, which, in our previous
studies, was found to be conditionally thera-
peutic for this extract [5]. “Silibor” (the active
basis is silymarin) was chosen as the comparison
drug. It was administered according to the
same scheme as the investigated extract in a
dose of 20 mg/kg (in terms of silymarin) of the
animal’s body weight. The value of the dose of
the comparison drug was chosen according to
the instructions for its application and using
the coefficients of species sensitivity by
Rybolovlev Yu. R. and his method of converting
the dose for humans to the dose for rats [12,
13]. The animals were randomized into 10
groups, 6 rats each: the 1t group - the animals
of intact control; the 2", 3 and 4™ - the animals
affected by acetaminophen on the 3¢, 7t and
10" days of the study, respectively; the 5™, 6"
and 7% groups - the rats, which were injected
with an extract of Maitake mushroomsin a dose
of 150 mg/kg of body weight on the 3, 7" and
10" days of the experiment, respectively; the
8, 9t and 10™ groups of animals that were
intragastrally administered with the drug silibor
on the 3, 7t and 10 days of the study,
respectively. The rats were removed from the
experiment by euthanasia under sodium bar-
bamyl anesthesia. Euthanasia was conducted
on the 3, 7% and 10" days of the experiment.
The study was subjected to liver homogenate
and animal serum. Blood was taken from the
heart of the animals.

The concentration of pro-inflammatory and
anti-inflammatory interleukins in the serum of
rats was determined by enzyme-linked im-
munosorbent assay using commercial kits
(GEHealthcare: Amersham, UK) [14]. The
content of C-reactive protein (CRP) was
determined by immunoturbidimetric method
[15, 16].

The obtained data were statistically pro-
cessed by the program STATISTICA 12. The
significance of intergroup differences was
determined using the criterion of rank sums of
the Wilcoxon and the Mann-Whitney tests. p

values lower than 0.05 were considered to be
statistically significant [17, 18].

Results

C-reactive protein is a non-glycosylated
protein with a pentameric structure, which
belongs to B-globulins. Due to its affinity to
phosphorylcholine, which is a component of
the cell walls of some bacteria and unicellular
fungi, CRP is able to bind the relevant microbial
cells and opsonize them for phagocytosis or
lysis with complement [16, 19]. CRP acts as a
pro-inflammatory “trigger” that stimulates mo-
nocytic synthesis of cytokines such as tumour
necrosis factor-q, interleukin-1 and interleukin-6.
Thus, CRP performs animmunoregulatory func-
tion: it stimulates protective reactions and
activates immunity [14].

CRP is determined in almost all pathological
processes and diseases regarding tissue da-
mage. The increased levels of C-reactive protein
are one of the earliest laboratory signs of
inflammation or tissue damage. Increased pro-
tein production by the liver begins 6 hours after
the onset of inflammation [20].

We found out that in rats with acute hepa-
titisinduced by acetaminophen, the serum CRP
increasedin 1.9, 2.4 and 2.7 times on the 379, 7th
and 10t days of the study, respectively, accor-
ding to the group of intact control. After cor-
rection with TEOMM there was a probable
decrease in the content of CRP in the serum of
ratsin 1.2, 1.5 and 2.1 times on the 3, 7t and
10" days of the experiment, respectively, in the
animals of control pathology. When using
silibor, the studied indicator probably (p<0.05)
decreased in 1.4 and 1.9 times on the 7™ and
10" days of the experiment, respectively, for
the animals with toxic hepatitis (Tab. 1).

The obtained results are a confirmation of
the inflammatory processes development in
the body of rats with acute hepatitis, which is
caused by the action of acetaminophen.

Cytokines, a group of hormone-like proteins,
peptides and mediators of inflammation, play
a significant role in the pathogenesis of deve-
lopmentand course of inflammatory processes.
Imbalance in the cytokine system can have a
significant effect on the course of inflammatory
reaction [21].

Hepatocytes are very sensitive to the action
of cytokines, as they contain a number of spe-
cific receptors on their surface, through which
the regulation of protein synthesis, proliferation,
differentiation, specialized functioning and
apoptosis of liver cells is carried out. Pro-
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Table 1. The content of C-reactive protein in the serum (mg/l) of the rats affected
by acetaminophen, and after application of the Maitake mushrooms extract (Mt+m; n=60)

Groups of animals Indicators
3rd day 7th day 10th day
IC 3.51+0.28 3.51+0.28 3.51+0.28
CP 6.83+0.23* 8.47+0.24* 9.54+0.32*
CP+silibor 6.10+0.20 5.93+0.29** 5.08+0.23**
CP+TEOMM 5.71£0.18** 5.6310.28** 4.49+0.3*%*

Notes. Here and in the following tables * - probable changes between the rate of the control and paracetamol-affected animals,
** _ probable changes between the rates of the paracetamol-affected and treated animals.

inflammatory cytokines: IL-1, IL-6, IL-8, IL-12,
TNF-, IFN-y are involved in the specificimmune
response triggering, while anti-inflammatory
cytokines: IL-4, IL-10, IL-13, TGF are involved in
the development of reactions of the anti-inflam-
matory process and inhibit the synthesis of
pro-inflammatory interleukins [14, 15, 20, 21].

Our further research was to study the con-
tent of pro-inflammatory and anti-inflammatory
cytokines, IL-4 and IL-6, in the blood serum of
rats with simulated acetaminophen hepatitis,
as well as to study the corrective effect of
TEOMM and silibor on them.

Numerous studies confirm that violation of
normal proportions of pro-inflammatory and
anti-inflammatory cytokines synthesis can lead
to disruption of regulation and development of
vital immune reactions and, above all, inflam-
matory reactions. In the case of violations of
local protective reactions, inflammation spreads,
cytokine synthesis increases, then they enter
the bloodstream and have their effect on the
systemic level, i.e. have their effect on almost
all organs and systems of the body [19, 20, 22].

It was experimentally established that
during the formation of acute hepatitis in rats
on the 3 day of the study, the content of IL-6
increased by 82% compare to the intact animals.
On the 7t and 10" days of the experiment, the
content of the studied indicator increased by
126% and 150%, respectively, compare to the
intact control animals (Tab. 2).

TEOMM application for correction the de-
tected disorders in toxic hepatitis led to a

probable decrease in the content of IL-6 on the
7t day of the study compare to control. The
comparison drug Silibor had a positive effect
on this indicator, although slightly inferior to
our studied extract.

Local inflammatory process, after intro-
duction of a pro-inflammatory agent, is impor-
tant for healing and protection of the body from
infection. However, excessive accumulation of
pro-inflammatory cytokines in the blood leads
to generalized sepsis and multiorgan failure. It
is anti-inflammatory interleukins, which include
IL-4 and IL-10, are able to reduce inflammation
and cause a cessation of the inflammatory
response [14, 15].

Hence, it was advisable to study the content
of anti-inflammatory cytokines, in particular
IL-4, in the serum of rats with toxic lesion.

After affection of animals with acetami-
nophen in the serum, the IL-4 content decrease
in 1.4, 1.5 and 1.6 times was observed on the
3rd, 7t and 10™ days of the experiment, res-
pectively, compare to the group of intact control
animals (Tab. 3).

TEOMM caused a probable increase in the
IL-4 content by 30% and 46% on the 7" and 10t
days of the study, respectively, in the animals
with toxic hepatitis. When using the comparison
drug, a probable (p<0.05) increase in the
cytokine content on the 7*"day in 1.3 times and
in 1.4 times on the 10™ day of the study compare
to the control pathology group was noted.

The obtained results suggest that the use
of TEOMM in rats at a dose of 150 mg/kg for 10

Table 2. The content of IL-6 in the serum (pg/l) of the rats affected by paracetamol,
and after application of the Maitake mushrooms extract (Mtm; n=60)

Groups of animals Indicators B

3rd day 7th day 10th day 8)

IC 2.96+0.22 2.96£0.22 2.96+0.22 <

cp 5.38+0.30* 6.69+0.34* 7.39£0.27* E

CP+silibor 4.93+0.21 4.51+0.26** 4.3540.29** <

CP+TEOMM 4.85+0.16 4.2240.22** 3.98+0.26** E
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Table 3. The content of IL-4 in the serum (pg/l) of the rats affected by paracetamol,
and after application of the Maitake mushrooms extract (Mtm; n=60)

Groups of animals Indicators
3rd day 7th day 10th day
IC 1.57+0.08 1.57+0.08 1.57+0.08
CP 1.14+0.05%* 1.03+0.07* 0.96+0.09*
CP+silibor 1.22+0.07 1.29+0.08** 1.34+0.06**
CP+TEOMM 1.29+0.05 1.34+0.06** 1.40+0.08**

PHARMACY

days has a positive effect on the initial stages
of the inflammatory reaction.

Discussion

The inflammatory process caused by im-
mune mechanisms is significant in the patho-
genesis of diseases. CRP is a marker of systemic
inflammation. Therefore, the experimentally
revealed increase in its level in the serum of
animals with toxic lesion indicates an inflam-
matory process in the body. CRP is one of the
activators of the complement system - a
compound of complex proteins involved in the
formation of the body’s immune response [16].

Cytokines are a major factor in the interac-
tion between immune cells and somatic cells.
Determination of their concentration in the
blood provides information about the functional
activity of different types of immunocompetent
cells, severity of the inflammatory process, its
transition to the systemic level, prognosis of
the disease. Excessive production of cytokines
and other mediators of inflammation disrupts
regulatory function of the immune system, their
uncontrolled release takes place, as well as the
imbalance between pro-inflammatory and anti-
inflammatory cytokines with a predominance
of pro-inflammatory. As a result, the mediators
of inflammation from the factors that protect
the body become damaging for it [15].

The study of the content of the pro-inflam-
matory cytokine IL-6 showed a probable
increase throughout the experiment. At the
same time, the serum content of the anti-in-
flammatory cytokine IL-4 decreased. This indi-
cates an imbalance of pro-inflammatory and
anti-inflammatory cytokines caused by toxic
liver damage by acetaminophen.

We established an anti-inflammatory effect
of the studied extract, which consists in
changing the cytokine profile, in particular in
reducing the dynamics of the pro-inflammatory
IL-6 content and increase in the anti-inflam-
matory cytokine IL-4 content compare to the
group of intact control rats.

Conclusions

It was established that in cases of acute
hepatitis in the rats induced by acetaminophen,
the concentration of CRP increased in the blood
serum, the content of pro-inflammatory IL-6
probably increased and the content of anti-
inflammatory cytokine IL-4 decreased, which
indicated the development of inflammatory
processes in the affected animals.

The application of a Maitake mushrooms
thick extract had a positive effect on the content
of C-reactive protein and cytokines in the serum
of the animals with acute hepatitis, which
indicated its anti-inflammatory properties and
the relevance of further study to creation of
effective drugs.
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BILINB I'VCTOI'O EKCTPAKTY 3 TPUBIB MAMTAKE HA O3HAKH 3AITAJILHOTO
IMPOLIECY 3A EKCIIEPUMEHTAJIBHOT'O TOKCUYHOI'O T'EITATHTY

. B _LIL lepacnmeunp, J1.C. ®ipa, L.I. MeaBiab
TEPHOIMLbCbKNN HALIOHATIbHN MEANYHNN YHIBEPCUTET IMEHI 1.A. TOPBAYEBCHKOIO,
TEPHOII/1b, YKPAIHA

BeTyn. [IpiopumemHum 30800HHAM Cy4dcHOI papmMayesmuyHoi 2aay3i € CMBOpPeHHs epekmusHUX,
6e3neyHUX ma oCMyNHUX NiKAPCbKUX 3acobis, w06 3a6e3ne4umu MaKCUMANbHO 8UCOKY AKICMb HAOAHHA
Medu4Hoi' 0onoMo2u ma onmMuUManbHO20 BUKOPUCMAHHS HAABHUX CUPOBUHHUX pecypcis.

MeTa po6oTn. Memoro Hawo20 00CiOHeHHA b6ya0 sUBHUMU NPOMU3ANAALHI 810CMUBOCMI 2YyCMO020
ekcmpakmy 3 2pubie malimake 8 ekcnepuMeHmMi HQ Wypax i3 2enamumom, iHOYKO8aHUM napayemamosom
(ayemamiHopeHom).

MeToaw. 414 nposedeHHA ekcnepumeHmy 6ys10 sukopucmaHo 60 6inux wypis-camyis, macoro 180-210 g,
paHOomi308aHUX Ha 10 2pyn no 6 meapuH y koxHil. [Tapayemamonosuli cenamum M0OOen8aAU WAAXOM
gsedeHHs ayemamiHopeHy iHmpazacmpanbHo y 003i 1250 m2/kz 1 pa3 Ha 006y y 8u2aA0i cycneHsii e 2 % po34yuHi
KpOXMabHO20 2e/1to npomsazom 2 0i6. [15 KOpeKyii moKCUYHO20 ypaXeHHA 8UKOpUCMOBY8aaU 2ycmuli ekcmpakm
2pubie Malimake, KUl 8800UAU IHMPA2ACMPAALHO 30 2 200UHU 00 88e0eHHA ayemamiHogpeHy ma uj00eHHo
nicaa ypaxeHHs 8 003i 150 M2/k2 Macu mina meapuHu. K npenapam nopisHAHHA 06panu “Cuniéop” (8UPOBHUK
- TOB «®apmayesmuyHa komnaHis «300p08’s»), AKUl 8800UU 30 MIEHD HC CXEMOIO, WO | eKcmpakm Malimake
8 003i 20 me/k2 Macu mina meapuHu. Ha 3-mio, 7-my ma 10-my do6y excnepumeHmy 30ilicH08a/1U e8MAHA3iH0
wypie i3 8UKOPUCMAHHAM 6apbaminy Hampiro. [na 00cnioHeHs 6panu 20M02eHAM neviHKU ma cuposamky
Kpoei. P038UMOK 3ana/bHUX Npoyecie su84aau 3a 8MiCMOM NPo- Ma NPoOMU3aNaa6HUX YUMOKIHI8, a MAKOXC
C-peakmugH020 npomeiHy y cuposamyi Kposi wypig i3 moKCU4YHUM 2enamumomM ma nicis 30CMocCy8aHHs
ekcmpakmy 2pubie Malimake ma npenapamy NOPiBHAHHA.

Pe3synbTaTn. BcmaHos8/1eHo, W0 88e0eHHs M8ApUHAM ayemamiHopeHy 018 MOOen8AHHS 20CMpPO20
2enamumy cynpogooXyemeca 3MiHAMU YUMOKIHO8020 npodinto, a came, 3p0CMAHHAM pieHA IL-6 ma
3MeHWeHHAM pigHs IL-4 y cuposamyi kposi ujypis. [1po p038UMOK 3aNa/aA6HO20 Npoyecy c8idHUMb NiO8UUWeHHS
emicmy C-peakmusH020 NpomeiHy 8 Kposi ypadceHUX meapuH.30Cmocy8aHHsA ekcmpakmy 2pubie malimake
CNPUANO HABAUXCEHHIO 00CAIOHCYBAHUX NOKA3HUKI8 A0 pi8HS IHMAKMHO20 KOHMPOIH0.

BUCHOBKW. 3MeHWeHHS 03HOK 30na/6H020 NPoyecy y Wypie npu Mooens08aHOMY napayemamono8omy
2enamumi nid 8naUBOM 2yCmMo20 ekcmpakmy 2pubie malimake nidmeepoxcye Lio2o Npomu3anasnsHi 1acmMu8ocmi.

K/TKOYOBI C/IOBA: rpn6u maiiTake, napaLeTamor, rocTpuia renaTuT, 3anasieHHs.
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DISTRIBUTION AND QUANTITATIVE CHANGES OF MAST CELLS
IN GUINEA PIGS LUNG IN OVALBUMIN-INDUCED ALLERGIC

INFLAMMATION

*S.S. Popko, V.M. Yevtushenko

ZAPORIZHZHIA STATE MEDICAL UNIVERSITY, ZAPORIZHZHIA, UKRAINE

Background. One of the most important cells in local immunity in lung are mast cells. They are involved in
both innate and adaptive immune responses to inhaled allergens. The question of distribution of these both cell
types in guinea pig lung in case of experimental allergic inflammation in most aspects remains open.

Objective. The aim of this research is to study the distribution and quantitative changes of mast cells in
lung of guinea pigs in ovalbumin-induced allergic inflammation.

Methods. the lungs of 48 male guinea pigs have been studied using histological, morphometric and statistical
methods in cases of experimental ovalbumin-induced allergic inflammation. The total number of mucosa related
must cells and perivascular mast cells in guinea pig lungs were counted.

Results. It has been established that mucosa related mast cells are normally more abundant in guinea pigs
lung than perivascular ones. Maximum increase in a number of mucosa related mast cells was revealed in the
early period of allergic inflammation, as evidenced by maximum increase coefficient of 1.4 in the 15t experimental

kykk

group, compare to the control (P

<0.05). However, maximum increase in number of perivascular mast cells in

5 times was found during the late period of allergic inflammation in the 4% experimental group (P”**<0.05).
Conclusion. Experimental sensitization and challenge with ovalbumin leads to statistically significant increase
in average number of both types of mast cells but predominantly the latter ones. It has been proved that cells

dynamics is multidirectional.

KEYWORDS: mucosa related must cell, perivascular mast cell, lung, guinea pig, allergic

inflammation.

Introduction

Mast cells are present in vascularized tis-
sues of almost all organs except the central
nervous system and the retina. Derived from
pluripotent red bone marrow stem cells, they
differentiate in connective tissue from their
progenitor cells under the influence of c-Kit
ligand (CD117) in the presence of growth
factors and various cytokines realized by the
connective tissue microenvironment of the
organs in which they are located and function
[1,2]. The cytoplasm of mature mast cells con-
tains 50-200 granules of inflammatory media-
tors, such as histamine, heparin, numerous
cytokines, chondroitin sulphate, and neutral
proteases (chymase and tryptase), provided
mechanisms to increase the permeability of the
microvessel wall and perivascular connective
tissue, angiogenesis [3]. They regulate the
inflammatory process in the connective tissue,
influencing the permeability of the vascular wall

*Corresponding author: Svitlana S. Popko, PhD, Associate
Professor of the Department of Histology, Cytology and Em-
bryology, Zaporizhzhia State Medical University, Zaporizhzhia,
69035, Ukraine. E-mail: kluchkosv@gmail.com

and the amorphous component of the inter-
cellular substance. In addition, they are involved
in implementation of allergic reactions due to
the presence of FceRI receptors on immuno-
globulins type E on their plasmalemma. On the
other hand, microvessel endothelial cells,
secreting adhesion molecules VCAM-1, ICAM-1
and ELAM-1, initiate migration of mast cells
precursors from the peripheral bloodstream
into the tissue where the inflammatory process
takes place [4].

It is established that in lung of human and
BALB/c mice in normal physiological conditions
the number of mast cell progenitors is insigni-
ficant, but in cases of antigen-induced inflam-
mation under the influence of a437 integrins,
VCAM-1 and CXCR2 they actively migrate to lung
tissue [5]. Mast cells, located in different parts
of the lungs and respiratory tract, have excellent
histochemical properties and express different
mediators. Two phenotypes of mast cells have
been studied in lung of human and small
mammals: mucosa related mast cells (synthesize
only tryptase) and perivascular mast cells
(synthesize tryptase, chymase, and carboxypep-
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tidase), with the predominance of the latter.
Previous studies have postulated hyperplasia
of both mast cell phenotypes in the human lung
with development of allergic inflammatory
process. In contrast to human, BALB/c mice
during the allergic inflammatory process
showed the increase in the number of mucosa
related mast cells only, without affecting the
dynamics and differentiation of resident peri-
vascular mast cells [4, 5]. Very little is known
about mast cells and their distribution in guinea
pigs lung in case of experimental antigen sen-
sitization, although the high sensitivity and
susceptibility of their respiratory system to
allergic and infectious diseases makes them a
useful experimental model of pathological con-
ditions such as bronchial asthma and tuber-
culosis [6].

Therefore, the aim of the research is to
study distribution and quantitative changes of
mast cells in lung of guinea pigs in ovalbumin-
induced allergic inflammation.

Methods

The object of the experimental study was
lung removed from 48 sexually mature male
guinea pigs, kept in standard conditions of the
vivarium of the Zaporizhzhya State Medical
University. Experiments on animals were
carried out in accordance with the provisions
of the European Convention for the Protection
of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg,
1986), Council Directives 86/609 / EEC (1986),
Laws of Ukraine Ne 3447-1V “On the protection
of animals from cruel treatment, general ethical
principles of animal experiments”, approved by
the First National Congress of Ukraine on
Bioethics (2001). Induction of allergic airway
inflammation was carried out by subcutaneous
sensitization and subsequent aeroallergization
with ovalbumin (OVA) [7]. On days 1, 7, 14 of
the experiment, guinea pigs were sensitized:
subcutaneous injection into the interscapular
region of 0.5 mg OVA (Sigma Chemical Co., USA)
together with an adjuvant - aluminium hydroxi-
de, 10 mg (AlumVax Hydroxide vaccine adjuvant,
0Z Biosciences, France) diluted in 1 ml of saline.
From 21 to 28 days of the experiment, the
animals were aeroallergized OVA at the dose
of 10 mg/ml of saline for 15 min/day using an
LD-211C compressor inhaler (Little Doctor In-
ternational, Singapore) in an inhalation cham-
ber. The animals were divided into 6 groups (8
animals in each group) for investigations. The
first four groups were animals, sensitized and

challenged OVA, withdrawn from the experi-
ment, respectively, on the 23, 30, 36" and 44"
days after its start; the 5" group - control, the
animals were injected subcutaneously with 1
ml of saline and inhaled with saline; the 6" -
intact group. For the purpose of rational pre-
sentation of the obtained data and their
interpretation, we conditionally distinguish the
early (237, 30t days of the experiment) and late
(36" and 44™ days after the start of the
experiment) periods of development of allergic
inflammatory process in lung.

The animals were withdrawn from the
experiment by overdose of thiopental anes-
thesia according to the established terms (on
the 239,30, 36™ and 44" days of the experiment).
Pieces of lung were fixed in 10% neutral buf-
fered formalin solution (pH 7.2-7.4). Histological
sections were stained with alcyan blue with a
critical concentration of MgClI2 0.2M to deter-
mine the dynamics of mast cell distribution and
their morphometric features [8]. A complex of
morphometric studies was carried out on a Carl
Zeiss Primo Star microscope using the ZEISS
ZEN 2011 software. The total number of mucosa
related mast cells and perivascular mast cells
per unit area of 5000 um? was counted, using
a microscope with oil immersion technique
(x1000).

The research results were processed by
current statistical methods of analysis on a
personal computer using the standard software
package Microsoft Office 2010 (Microsoft Excel)
and STATISTICA® for Windows 6.0 (StatSoft Inc.,
USA, license 46 No. AXXR712D833214FAN5)
based on the Windows 10 operating system.
Hypothesis for normal distribution of the
studied parameters was checked using the
Shapiro-Wilk test and the Kolmogorov-Smirnov
test of consistency. The arithmetic means (M)
and standard errors of the mean (+ m) were
calculated. The statistical significance of
intergroup differences according to the data
obtained was established using the parametric
Student”s t-test (p *) and the nonparametric
Whitney-Mann U-test (p **). The obtained data
was compared between the median and inter-
quartile range Me (Q1; Q3). Differences between
the compared values at the level of 95% (p<0.05)
were considered statistically significant.

Results

The morphometric examination of mast
cells in the intrapulmonary airways and lung
parenchyma of intact guinea pigs has shown
that the average number of mucosa related
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S.S. Popko et al.

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 1



mast cells is 2.62+0.05, perivascular mast cells
1.38+0.07 in the field of view. Normally, in
guinea pigs lung, mucosa related mast cells are
more abundant, than perivascular mast cells,
as evidenced by the increase factor 1.6. We have
analysed the number of mast cells in the
connective tissue of guinea pigs lung and have
found that there was no statistically significant
difference between the animals in the intact
and control groups that proves that the
procedure itself does not affect changes in the
number of must cells. Therefore, we compare
the results of the experimental and control
groups.

OVA - sensitization and challenge leads to
quantitative changes in the dynamics of mast
cells number of lung connective tissue. The
increase in the number of mast cells of both
phenotypes is determined in animals of the 15
experimental group from the 23 day of ob-
servation in the early period of development of
experimental allergic inflammation, but more
significant OVA - challenge effects the number
of perivascular mast cells. In addition, further
dynamics of changes in their number is diffe-
rent in different experimental groups (Fig. 1).

The maximum average number of mucosa
related mast cells, observed in the 1t experi-
mental group, is statistically significantly higher
in 1.4 times compare to the animals of the
control group (P*/**<0.05). Further investigation
has shown that starting from the 30" day of the
experiment, there is a tendency for their gra-
dual recovery to the indicators of the control
group, reaching the latter on the 44™ day of
observation.

The average number of perivascular mast
cellsin animals of the 1stexperimental group is

by 1.6 times higher compare to the number of
mucosa related mast cells, and statistically
significantly higherin 3.6 times compare to the
control group (P*/**<0.05). There is a tendency
to increase in the number of perivascular mast
cells with the maximum rate on the 44 day of
observation, starting from the 36™" day of the
experiment (Fig. 2).

On the 30" day of observation the average
number of mucosa related mast cells is
3.62+0.05 in the field of view, which is in 1.3
times more than the same indicator in the
control group (P*/**<0.05). However, the
average number of perivascular mast cells in
animals of the 2" experimental group on the
30% day of observation is in 1.5 times higher
than the number of mucosa related mast cells,
and statistically significantly higher in 3.5 times
compare to the same pointin the control group
(P*/**<0.05) (Fig. 2).

We have established changes in the dy-
namics of mast cells of both phenotypes during
the late period of development of experimental
allergic inflammation in guinea pigs lung. The
average number of mucosa related mast cells
in the animals of the 3" experimental group is
3.5+0.05in the field of view, which is statistically
significantly in 1.3 times higher (p**<0.05),
compare to the same indicator of the control
group (Fig. 1). The average number of mucosa
related mast cells acquires the control indicator
on the 44 day of the experiment. The average
number of perivascular mast cells in the
animals of the 3 experimental group on the
36" day of observation is in 2 times higher
compare to the number of mucosa related mast
cells, and statistically significantly higher in 4.5
times compare to the same pointin the control
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Fig. 1. Morphometric changes in the number of mucosa related mast cells of guinea pigs lung. E
Note: * - P<0.05 (Student’s t-test); ** - P<0.05 (Whitney-Mann U-test) compare to the control group. Me (Q1; Q3). The median 9
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Fig. 2. Morphometric changes in the number of perivascular mast cells in connective tissue of guinea pigs lung parenchyma.
Note: * - P<0.05 (Student’s t-test); ** - P<0.05 (Whitney-Mann U-test) compare to the control group. Me (Q1; Q3). The median
(Me) - the green line. M+tm (n=8). The arithmetic mean (M) - the dotted green line.

group (P*/**<0.05). The hyperplasia of peri-
vascular mast cells (Fig. 3) is found in animals
of the 4" experimental group on the 44" day
after the start of the experiment (8.0+0.29 in
the field of view), which is statistically signi-
ficantly in 5 times higher than in the control
group (P*/**<0.05).

Discussion

Thus it has been established that in contrast
to human and other small mammals (mice),
mucosa related must cells are normally more
abundant in guinea pigs lung than perivascular
ones. Nevertheless, in contrast to BALB/c mice,
a common feature of guinea pigs lung connec-
tive tissue and human lung in cases of expe-
rimental allergic inflammation due to sensi-
tization and challenge with OVA is a statistically
significant increase of both mucosa related and
perivascular mast cells. However, we have de-

Fig. 3. Perivascular must cells hyperplasia (arrows show) in
connective tissue of the pulmonary interstitium of guinea pigs
after sensitization and challenge with ovalbumin on the
44 day of the experiment. Staining: alcian blue. x1000.

monstrated that the mast cells number changes
of different phenotypes in guinea pigs lung
have different nature. Our results revealed the
maximum increase in the number of mucosa
related mast cells in the early period of deve-
lopment of experimental allergic inflammation,
as evidenced by the maximum increase coeffi-
cient of 1.4 in the 15t experimental group,
compare to the control. It should be noted that
the degranulation of mucosa related mast cells
promotes the release of heparin, increasing
permeability of capillaries and improves trophic
of respiratory mucosa. However, the maximum
increase in the number of perivascular mast
cells in 5 times was evidenced during the late
period of allergic inflammatory process deve-
lopmentinlung of animals of the 4 experimental
group.

Thus, the increase of perivascular mast cells
is predominantly greater than mucosa related
mast cells in OVA - sensitization. This should
be decisive for morphological and histochemical
changes of the microcirculatory bed, lymphoid
tissue cells in connective tissues of pulmonary
interstitium, which were previously described
[7, 9]. For instance, mast cells together with
respiratory endocrinocytes help maintain
homeostasis of the local lung immune system
[10-13]. Moreover, mast cells are involved in
both innate and adaptive immune responses
to allergens. Due to the presence of heparin
secreted by perivascular mast cells into the
intercellular substance of connective tissue the
permeability of microvessels increases; in
allergic inflammation it causes migration of
lymphocytes and plasma cells into the pe-
rivascular intercellular substance [14-16]. In
addition, mast cells contribute to maintenance
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of chronic allergic airway inflammation and are
crucial in initiating immune response to the
allergen, during which they transmit signals
that stimulate IgE synthesis by plasma cells and
differentiation of Th2 lymphocytes [17].

Conclusion

Normally mucosa related mast cells are the
predominant mast cell type in guinea pigs lung.
OVA - sensitization and challenge leads to the
statistically significant increase in the number
of both mast cells types: mucosa related and
perivascular mast cells.

The dynamics of increase in the number of
mast cells of different phenotypes in guinea
pigs lungis of a different nature in case of OVA -
sensitization. More significantis increase in the
number of perivascular mast cells in 5 times
during the late period of allergic inflammation
development in the 4% experimental group.

Despite this the maximum increase in the
number of mucosa related mast cells in 1.4
times is established during the early period of
experimental allergic inflammation in the 1st
experimental group, compare to the control.
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OCOBJIMBOCTI PO3IIOALNY I KUIBKICHHUX 3MIH MACTOLUTIB B JIETEHAX
MOPCBKHX CBUHOK HA TJII OBAJIbBBYMIH-IHAYKOBAHOI'O AJIEPTTYHOTI'O

3AITAJIEHHA

C.C. Monko, B.M. EBTyLUEHKO

3AIOPI3bKUN AEPKABHW MEANYHNI YHIBEPCUTET. 3AITOPDKXS, YKPAIHA

Bctyn. OOHUMU 3 HAUBAMXAUBIWIUX KAKYOBUX KAIMUH MiCyeeo20 iMyHimemy 6 fie2eHsx € Macmoyumu.
BoHu 6epymes yuacme 5K y peakyisix 8poo0xeH020, mak i adanmueHoz20 iMyHimemy y 8ionogide Ha iH2anAYiliHi
anepzeHu. [TuMaHHA nPo po3nodin 060x peHomunie Macmoyumis y ne2eHsax MopCcbKoi CBUHKU npu ekcnepu-
MeHMan6HOMY anep2iyHOMy 3ananeHHi y 6inbwocmi sunadkie 3a1UWAEMbCS 8IOKPUMUM.

MeTa. Busyumu po3nodin ma KinsKiCHi 3MiHU Macmoyumieg y ne2eHsX MOPCbKOI CBUHKU 8 yMO8aX

080166y MiH-IHOYKOBAHO20 a/1eP2i4H020 3aNANEHHS.

MeTogaun. 30 donomMozok 2icMo02i4H020, MOPHOMeMPUYHO20, CMAMUCMUYHO20 Memodie eugYUAU fe2eHi

48 camyjie MOpPCbKOI CBUHKU 8 yMOBAX eKCnepuMeHmasabH020 080/160yMiH-iHOYKOBAHO20 a/1ep2i4H020 3aNaNeHHS.
Bu3Hauanu cepedHH Kinskicms macmoyumie c1u308ux 060/10HOK Ma HABKOA0CYOUHHUX Macmoyumie y ne2eHsx
MOPCLKOI CBUHKU.

Pe3ynbTaTu. JogedeHo, W0 8 1e2eHsIX MOPCLKOI CBUHKU 8 HOPMI 30 KibKICMIO Nepesaxcaromes Macmoyumu
C/1U308UX 060/OHOK, HiXC NepusackyaspHi Macmoyumu. ¥ pob6omi npodeMoHCmMpPo8aHA OUHAMIKA 3pOCMAHHS
amicmy macmouyumie pi3HUX peHomunig y 1e2eHsX MOPCbKOI CBUHKU, AKA MAE pi3HOHaAnpaessaeHul xapakmep 8
yMoeax ceHcubinizayii oeanbbymiHoM. binbw cymmesum € npupicm came HA8KOAOCYOUHHUX Macmoyumig y
5 a3i8 npoms2oM ni3HL020 Nepiody Po38UMKY anep2id4HO20 3aNANLHO20 NPOYecy 8 Ne2eHsx meapuH 4-oi ekc-
nepumeHmansHoi 2pynu (P7**<0.05), 800HOYAC MAKCUMAAbHUL npupicm Kinbkocmi Mmacmoyumie ca1u3080i
060/10HKU OUXANbHUX W/AXI8 8UABASAEMbLCS NPOMA20M PAHHLO20 Nepiody PO38UMKY eKCnepuMeHmMabHO20
as1ep2iYH020 3aNANeHHS, NPO U0 C8IOYUMb MaKCUMAanbHUL KoediyieHm 36inbuwieHHs 1,4 8 1-ili ekcnepumeHmaneHid
2pyni, NopieHSIHO 3 KOHMpoaem (P7*<0.05).

BucHoBOK. CeHcubinizayis ma aepoasepzizayis 08a166yMiHOM npu3800UMs 00 CMAMUCMUYHO 3HAYUMO20
3POCMAHHS Kiflbkocmi K Macmoyumig €c1u30801 060/10HKU QUXAN6HUX WAsXi8, MAK i HABKONOCYOUHHUX
Macmoyumis, 3 NnepesadaHHAM OCMAHHIX. B yMoeax ceHcubinizayii 08an66yMiHOM OUHAMIKA 3p0CMAHHS 8Micmy
Macmouyumie pi3HUX peHomunie y ne2eHsX MOPCbKOI CBUHKU MAE Pi3HOHanpaesneHUl xapakmep.

K/TIOYOBI C/IOBA: MacToUnTN CIN30BUX 060/I0HOK, NEPNBACKYNSAPHI MacTOLNTN, NereHi,
MOpCbKa CBUHKA, anepriyHe 3anaseHHs.
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