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ABSTRACT

Introduction and aim. Mutation(s) in the gene encoding the CD19 molecule affect CD19 protein expression and primary im-
munodeficiency (PID) occurs. The PCR-RFLP method, which is faster and cheaper than other mutation detection methods, is
rarely used in the diagnosis of PID. The study aimed to genetically identify CD19 deficiency, which is a PID, using the PCR-RFLP
method.

Material and methods. A total of 8 patients and two healthy controls were included in the study and the relevant region gen-
otypes in the CD19 gene were determined by performing PCR-RFLP analysis.

Results. The index case, newborn baby and mother were also included in the study. It was determined that the index case (P6)
was homozygous mutant, the newborn baby (P7) and mother (P8) had heterozygous genotype. Based on this situation, one
child (P1) was found to be homozygous mutant, mother (P2), father (P3) and other children (P4 and P5) had heterozygous gen-
otype in the family, which was determined to be related to the first case.

Conclusion. In our study, it has been shown that PCR-RFLP is a method that can be used in the diagnosis of PID by determining
genotypes using PCR-RFLP, and especially in terms of rapid genetic testing of family screenings.

Keywords. CD19, PID, RFLP

Introduction in B cell development, one of the most important is the

Primary immunodeficiencies (PID) are a group of dis-
eases that result from the development and/or dysfunc-
tion of various components of the immune system.
In recent years, many genes that cause PID have been
identified. Primary antibody deficiencies, mainly pre-
disposed to bacterial infections, can be caused by mu-
tations in genes involved in B cell differentiation.'
Mutations in these genes inhibit immature B cell dif-
ferentiation in bone marrow and cause agammaglobu-
linemia and low B cell in peripheral blood.? Although
many genes (CD20, CD21, CD81, CD225) play a role

CD19 gene.**

The CD19 is a gene located in the p11.2 region of
chromosome 16, and consists of 15 exons and 7.41 kb
length (NC_000016.10).° This gene encodes the CD19
protein, a transmembrane glycoprotein of the immuno-
globulin (Ig) superfamily. CD19 is also expressed in fol-
licular dendritic cells as well as in normal and neoplastic
B cells, which expression begins for the B cells in the
bone marrow and continues until the plasma cell. In ad-
dition, CD19 forms a complex with CD21, CD81 and
CD225 on the surfaces of mature B cells (Fig. 1).°
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This complex co-operates with the B cell recep-
tor (BCR) and stimulates both BCR-dependent and
BCR-independent intrinsic B cell signaling pathways.
Despite the mutation in the CDI9 gene, normal B cell
differentiation occurs in the bone marrow, and the abso-
lute number of B cells in the peripheral blood is normal.
However, stimulation on BCR is impaired and the num-
ber of memory B cells in peripheral blood is decreased.
This results in hypogammaglobulinemia and impaired
antigen-specific humoral response.”®

CD19

CDs1 CD225

BCell A8
Receptor \

ff

CD19 complex

Fig. 1. B cell and CD19 complex

The first case of PID due to mutation in the CDI19
gene was described by us in a 10-year-old girl.® Follow-
ing the identification of this case, a village screening of
208 cases was carried out and carrier was detected in
20 cases. Screening was performed by determining flow
cytometric CD19 expressions.'® She was admitted to us
from the same village that was related to the previously
described patient. According to the clinical and labora-
tory results of the patient, it was thought that CDI19 gene
mutation might be present and genetic identification
was aimed. In order to determine the mutation, Poly-
merase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) method which was used in
DCLREIC mutation detection.!

Aim

Therefore, in this study, it was aimed to determine CD19
gene mutation by PCR-RFLP which is a cheap, reliable
and fast method.

Material and methods

Patients

The index family has 4 children (Fig. 2). The patient was
admitted to our clinic at 7 years old with complaints of
frequent illness.

The history of the patient revealed that she had a fe-
ver 3-4 times a month and had a frequent fever since she
started school and diagnosed at Idiopathic Thrombocy-
topenic Purpura (ITP) at 5 years old. Parents had a con-
sanguineous marriage. It was learned that there was a

baby who had intrauterine exitus at the age of 6 months
in the family. We were learned that patient was related to
the first case described by van Zelm et. al. in 2006."" As
a result of this information and laboratory examination,
it was thought that CD19 gene mutation might be pres-
ent. The region to be studied for mutation was selected
as the previously defined region (c.973_973insA; p.Ar-
g325AlafsX4; GenBank: AH005421.2). The patient (P1),
mother (P2), father (P3), sister (P4), brother (P5), the
patient identified in 2006 (P6), newborn baby of P6 (P7)
and mother of P6 (P8) were included in the study. The
studies were performed with 2 healthy controls (C1 and
C2). Patient recruitment and the studies reported here-
in were approved by Institutional Review Board at the
Necmettin Erbakan University Meram Medical Faculty.
Written informed consent was obtained from participat-
ing patients’ guardians and healthy controls.

N

Ps

56

Fig. 2. Pedigree (*:Patients who had previously detected
CD19 mutation and carriage)

Flow cytometry

Peripheral lymphocyte subgroup study of the patient
and family members were performed. After the study,
cell counts were performed with Becton Dickinson Can-
to II (BD Biosciences, Heidelberg, Germany) flow cy-
tometry and their analysis were performed. In addition,
CD19 expression was performed with monoclonal anti-
body from three different clones (§]25C1, 4G7, HIB19).

PCR and PCR-RFLP

Polymerase chain reaction (PCR) primers covering mu-
tation regions in CD19 gene were designed (forward
primer: 5-CCTGAGGAGGAAAAGAAT-3’ and reverse
primer: 5-GGAAACAGTAAGTGCAAGGCATA-3).
The mutation regions were amplified by PCR using these
primers. A PCR protocol was used and cycling condi-
tions were initial denaturation of 95°C for 10 minutes
followed by 45 cycles of 95°C for 40 seconds, annealing
beginning at 49,9°C and 72°C 15 seconds. A final exten-
sion of 72°C for 10 minutes was applied. Resulting PCR
products were visualized by 1% agarose gel. DNA ampl-
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icons of 118 bp were obtained after PCR amplification.
PCR-RFLP method was applied to PCR products The
PCR products were incubated for 1 hour at 65°C with
Bsml (New England Biolabs®Inc.). DNA fragments ob-
tained after PCR-RFLP procedure were visualized on 3
% agarose gel and genotypes were determined as wild
type, heterozygous and homozygous mutant.

DNA fragments of 118 bp were obtained after PCR
with primers designed for CDI9 mutation site. Bsml
enzyme recognition region 5... GAATGCNA...3’; 3’..
CTTACAGN...5 is selected according to the wild
type allele. In the absence of mutation, enzyme diges-
tion was performed in both alleles 94 and 24 bp DNA
fragment was obtained after PCR-RFLP and these re-
sults were interpreted as normal homozygous genotype.
If the patient is homozygous mutant genotype 118 bp
DNA fragment was obtained. In the case of heterozy-
gote, three DNA fragments will be obtained: 118 bp, 94
bp and 24 bp.

Results

In the peripheral lymphocyte subgroup analysis,
CD3+ total T, CD4+ helper T, CD8+ cytotoxic T and
CD16+CD56+ NK cell numbers were found to be nor-
mal but there was no CDI19 expression on CD20+B
cells. The patient had low IgG (347 mg/dl) and IgA (25
mg/dl) levels. In addition, the hepatitis B vaccine re-
sponse was negative (0.74 mIU/ml; normal range 0-10
mIU/ml). Clinical and laboratory characteristics of the
P1 are shown in Table 1.

Table 1. Laboratory and clinical features of the patient (P1)

Parameters P1
Clinical features Frequent illness during school
on admission Fewer
ITP
Age of diagnosis (years) 7
:.T)‘/rrrr\\:;hocytes (counts/ 3700
CD3+ (counts/mm?3) 2479
CD4+ (counts/mm?3) 1369
CD8+ (counts/mm?3) 814
CD19+ (counts/mm?3) 0*
CD20+ (counts/mm?) 740
Cm?;36)+CD56+ (counts/ 222
IgG (mg/dl) (842-1943) 347%
IgA (mg/dl) (62-390) 25%
IgM (mg/dl) (54-392) 88

* below normal value

CD19 gene mutation analysis with PCR-RFLP was
performed as a result of clinical and laboratory analy-
sis. Bsml enzyme was used for PCR-RFLP. 118 bp DNA
fragment was obtained after PCR-RFLP due to lack of en-
zyme cleavage in P1 and P6 patients previously known

to be mutations were determined to be homozygous mu-
tant genotype. DNA fragments of 118 bp, 94 bp and 24 bp
were obtained in P2, P3, P4, P5, P7 and P8 and evaluat-
ed as heterozygous. Because the enzyme cuts both alleles
in healthy controls, 94 bp and 24 bp bands were obtained
and genotypes were evaluated as homozygous normal.
All results of PCR-RFLP are shown in Figure 3.

Fig. 3. PCR-RFLP results (M: Marker 50 bp; P1: Patient; P2:
P1 mother; P3: P1 father; P4: P1 sister; P5; P1 brother; P6:
Patient identified in 2006; P7: newborn baby of P6; C1 and
C2: Control)

Discussion

Primary immunodeficiency caused by CD19 gene muta-
tion was first described in a 10-year-old girl by our team
in 2006.° CD19 gene mutation was identified in another
patient who was living in the same village and was relat-
ed to this patient. These two cases suggested that it might
be in other cases living in this village and the village was
screened for CD19 deficiency. As a result of this screen-
ing, 20 carrier individuals were identified.”® Ten years af-
ter the village screening, a patient from the same village
and related with index case applied to us. It was thought
that CD19 gene mutation was found in clinical and labo-
ratory examinations. In this study, it was aimed to detect
CD19 gene mutation quickly, safely and inexpensively.

In our region where consanguineous marriages are
high, the incidence of autosomal recessive diseases is
higher. Therefore, in the light of clinical, laboratory and
family history information, it is important to perform
rapid mutation analyzes. Known mutations can also be
detected by using the PCR-RFLP, which is less expen-
sive, highly sensitive, requires basic laboratory instru-
ments and is easier to implement. The PCR-RFLP is a
reliable method and still used for the identification of
some bacterial species in the laboratory.’>* Other than
PCR-RFLP, polymerase chain reaction-single-strand-
ed conformation polymorphism (PCR-SSCP) used for
genotype determination after DNA post amplification
are two independent methods used for post-amplifica-
tion genotyping of DNA variations. Both techniques are
used in a wide variety of screening applications to char-
acterize single nucleotide polymorphisms (SNPs). Al-
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though PCR-SSCP allows identification of a potentially
causal unknown SNP that cannot be identified by PCR-
RFLP, it has more complex steps than PCR-RFLP. How-
ever, it is used in many applications because it does not
require complex steps to perform PCR-RFLP. On the
other hand, PCR RFLP is easier to process in terms of
time and interpretation experience.'” Other of the rea-
sons we prefer this method is that we have used it safe-
ly in the identification of DCLREIC gene mutations.
Therefore, the PCR-RFLP method was preferred in the
study. That study also identified DCLREIC gene muta-
tion and carrier beers and the results were confirmed by
DNA sequence analysis. In our experience, the disad-
vantage of this method is that it can only be used to de-
tect known mutations.

CD19 is a basic molecule that promotes the prolifer-
ation and survival of mature B cells. It forms a whole to-
gether with CD81 and CD225. The CD19 protein forms
a whole with CD21, CD81 and CD225 on the surface of
mature B lymphocytes. This complex works with the B cell
receptor and plays an important role in the regulation of
events after antigen stimulation.”” To date, recurrent sin-
opulmonary infections, pyelonephritis, and gastritis have
been reported in patients with CD19 gene mutations iden-
tified. >'>'¢ In our case, these findings were absent and
there was a history of recurrent fever with bronchiolitis
that had only been repeated once. Inadequate antibody re-
sponses, decreased memory B cell count and hypogamma-
globunemia were seen in CD19 deficiency and in our case,
it was laboratory compatible with the literature.

Conclusion

As with other diseases, the early detection of genes that
cause primary immunodeficiency is important both for
the course of the disease and for additional treatment
options. In addition, identifying carriers and informing
families about this issue is of critical importance. Al-
though the PCR-RFLP method is a known method, it
has been applied by us for the first time in the diagnosis
of PID. Therefore, we believe that PCR-RFLP method
can be used both in detection of known mutations and
also in family screening.
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ABSTRACT

Introduction and aim. This study aimed to compare the hospitalization rate, mortality rate and morbidity status of patients
hospitalized with stroke and diabetic ketoacidosis (DKA) before and during the COVID-19 pandemic.

Material and methods. The data of 2522 patients who applied to the emergency department (ED) before and during the pandemic
were evaluated. A Poisson regression analysis was used to examine the number of presentations between two different periods.
Results. Stroke cases during the pandemic era were compared to those during the pre-pandemic period, and it was shown
that the mortality rate for stroke patients during the pandemic period was much higher. Treatment-related ED presentations
decreased significantly during the pandemic period, particularly among patients aged 75-84 years. Rates of ED presentation
decreased by 84 percent (IRR: 0.14, 95 percent Cl: 0.03-0.59) in those with DKA and by 37 percent (IRR: 0.67, 95 percent Cl: 0.53-
0.75) in those with stroke during the pandemic period.

Conclusion. Conclusion: Stroke and DKA admissions decreased during the pandemic, but the rate of stroke mortality increased
statistically 3.375 times. Getting emergency medical care increases their chances of survival. Even in a COVID-19 outbreak,
treatment is critical.

Keywords. diabetic ketoacidosis, strokes, pandemics

Introduction

The first case of Coronavirus Disease-2019 (COVID-19)
infection was discovered in Wuhan, China, in Decem-
ber of 2019. According to official sources, the World
Health Organization (WHO) declared the illness a pan-
demic on March 11, 2020.' Because the early phases of
the COVID-19 pandemic occurred during peak flu sea-
son, there was an increase in alert levels at ED through-
out the world, which acted as the primary referral
facilities for infected patients during this period.>* As
a consequence of the deployment of stringent measures
to manage the pandemic, the number of visitors to the

emergency room has dropped considerably in recent
years.* There are a variety of probable explanations for
this condition, including people’s dread of infection and
attempts to lessen the burden on the health-care deliv-
ery system.’ Treatment that is delayed despite the devel-
opment of symptoms may deteriorate the condition and
increase the possibility of admission to an ED for more
severe situations such as stroke or DKA to be treated.®
Following the revelation of the first COVID-19 case
in Turkey on March 11, 2020, many steps were taken
to contain the illness. These included halting foreign
flights, closing schools and other meeting areas, and re-
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stricting access to the old and fragile.” Although these
limits reduced ED visits, they delayed treatment of
life-threatening conditions, increasing community mor-
tality and morbidity.® It was necessary to compare the
hospitalization rate, mortality rate, and morbidity sta-
tus of patients coming to the ED with stroke and DKA
during the COVID-19 pandemic to those who present-
ed during the pre-pandemic era in order to establish
these conclusions.

Aim

This study aimed to compare the hospitalization rate,
mortality rate and morbidity status of patients hospital-
ized with stroke and diabetic ketoacidosis (DKA) before
and during the COVID-19 pandemic.

Material and methods

This research was designed as a retrospective, obser-
vational and single-centered study. It was approved
by the institutional review board, and a waiver of au-
thorization was given (Ethics Committee decision no.
2021/514/20/28, date: 28.04.2021), allowing the study to
proceed. The “pandemic period” is defined as the time
period commencing March 11, 2020, and ending De-
cember 31, 2020, the date on which the first COVID-19
case was discovered in Turkey, and includes all subse-
quent cases. The “pre-pandemic period” is defined as
the time period between January 1, 2019 and March 11,

2020 during which no COVID-19 illnesses were docu-
mented in Turkey, according to the World Health Or-
ganization. After their electronic records indicated ICD
codes for stroke or DKA, patients diagnosed with stroke
or DKA were invited to participate in the research
(International Classification of Diseases and Related
Health Problems). The study included 223 patients with
DKA and 2299 stroke who applied to the ED in both pe-
riods. The researchers looked at factors such as age, gen-
der, in-hospital mortality, and duration of hospital stay.
They found that patients having diagnoses other than
stroke or DKA were excluded from the study, as were
those whose data could not be accessed for any reason.

Statistical analysis

The statistical analysis was carried out with the help
of the StataCorp LLC (Texas, USA). In addition to the
mean and standard deviation, the median and mini-
mum-to-maximum values, and the percentage distribu-
tion, descriptive statistics were also provided for each
variable. For the purpose of determining whether or not
the data followed a normally distributed distribution,
the Kolmogorov-Smirnov test was performed. To assess
the number of patients with DKA and stroke who came
to the ED before and throughout the pandemic, the
LOWESS technique was employed before and during
the pandemic period. The incidence rate ratio (IRR) was
calculated by dividing the total number of ED visits be-

Table 1. Comparison of the distribution of the characteristics of patients who presented to the emergency department due
to diabetic ketoacidosis and stroke before and during the pandemic

Diabetic ketoacidosis Stroke
Variable Pre-pandemic  Pandemic Total Pre-pandemic Pandemic Total
n (%) n (%) n (%) n (%) n (%) n (%) P
Gender
Male 78 (45.3) 23 (45.1) 101 (45.3) 098 902 (57.9) 421(56.9) 1323 (57.5) 0.66
Female 94 (54.7 28 (54.9 122 (54.7) 657 (42.1) 319 (43.1) 976 (42.5)
Age group
40-64 years 106 (61.6) 42 (82.4) 148 (66.4) 547 (35.1) 292 (39.5) 839 (36.5)
65-74 years 38(22.1) 5(9.8) 43 (19.39 0.04 421 (27.0) 191 (25.8) 612 (26.6) 0.19
75-84 years 20(11.6) 2(3.9) 22(9.9) 387 (24.8) 162 (21.9) 549 (23.9)
85 years and above 8(4.7) 2(3.9) 10 (4.5) 204 (13.1) 95 (12.8) 299 (13)
Survivor 170 (98.8) 50 (98) 220 (98.7) 0.66 1534(98.4) 700(94.6) 2234(97.2) 0.001
Non-survivor 2(1.2) 1(2) 3(1.3) 25(1.6) 40 (5.4) 65 (2.8)

chi-square analysis

Table 2. Comparison of the length of hospital stay of patients who presented to the emergency department due to diabetic
ketoacidosis and stroke before and during the pandemic

Diabetic ketoacidosis Stroke
Variable Pre-pandemic Pandemic Pre-pandemic Pandemic p
Mean £ SD Mean + SD P Mean + SD Mean £+ SD
Length of hospital
6.9+5.1 53+55 0.05 54+64 6.5+ 10.6 0.002
stay (days)

SD, standard deviation
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fore and during the pandemic by the total number of ED
visits during the pandemic period. A Poisson regression
analysis was used to examine the number of presenta-
tions between two different periods. The threshold of
significance was set at 0.05, which was the lowest possi-
ble value that could be attained.

Results

The statistics below show the total mortality, gender,
and age distribution of DKA and stroke patients admit-
ted to the ED during pre- and post-pandemic periods.
The study found no statistically significant change in
DKA death rates between pre- and post-pandemic pe-
riods. The pandemic death rate for stroke patients rose
considerably compared to pre-pandemic. The findings
show that between pre- and post-pandemic periods, the
mean duration of stay for patients with DKA and stroke
dropped dramatically (Table 1).

A statistical analysis found that pre-pandemic DKA
patients were hospitalized for substantially longer peri-
ods than pandemic patients, with some of the differenc-
es being statistically significant. When the time spent in
hospitals for stroke presentations was compared between
pre- and post-pandemic periods, the post-pandemic pe-
riod was statistically significantly longer (Table 2).

Figure 1 illustrates smoothed data for ED presen-
tations owing to DKA by age group before and during
the pandemic period, as well as the total number of ED
presentations.
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Fig. 1. Distribution of patients presenting to the
emergency department with diabetic ketoacidosis
according to age groups before and during the pandemic

After a thorough study, it was observed that the
incidence of DKA presentations in the ED decreased
progressively from pre-to pandemic levels during the
course of the inquiry. The IRRs for changes in the num-
ber of diabetes-related ED presentations from the pre-to
pandemic periods are shown in Figure 2.

IRR of DKA
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Fig. 2. IRR of DKA presentations before and during the
pandemic

DKA presentations were 44% lower in the 40-64
age group [incidence rate ratio: 0.56, 95% confidence
interval: 0.39-0.8], 84% lower in the 65-74 age group
(incidence rate ratio: 0.14, 95% confidence interval:
0.05-0.41), 84% lower in the 75-84 age group [incidence
rate ratio: 0.14, 95% confidence interval: 0.05-0.41], and
84% lower in the (IRR = 0.18; 95% confidence interval:

Figure 3 depicts the number of stroke-related ED
presentations by age group before and during the pan-
demic, with smoothed data for each age group in each
time period.

Fig. 3. Distribution of patients presenting to the
emergency department with stroke according to age
groups before and during the pandemic

After doing research, it was observed that the num-
ber of stroke presentations to ED decreased dramatically
between the pre-and pandemic periods. During the pe-
riod from 2019 to 2021, the IRRs for fluctuations in the
number of stroke admissions were calculated for the pre-
and pandemic periods. The rate of stroke cases presented
to the ED decreased by 24 percent in the 40-64 year age
group (IRR: 0.76, 95 percent CI: 0.67-0.89), 33 percent in
the 65-74 year age group (IRR: 0.67, 95 percent CI: 0.57-
0.79), 37 percent in the 75-84 year age group (IRR: 0.67,
95 percent CI: 0.57-0.75), and 31 percent in the 85-plus
year age group. The IRR of stroke presentations before
and during the pandemic is shown in Figure 4.
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Fig. 4. IRR of stroke presentations before and during the
pandemic

Discussion

Compared to the pre-pandemic period, the admissions
to the ED of patients diagnosed with DKA and stroke
decreased significantly during the pandemic period.
This decrease was most observed among the elderly.
The study also found that whereas DKA-related in-hos-
pital mortality remained steady throughout the pan-
demic, stroke-related in-hospital mortality and length
of stay rose. In addition to putting an enormous strain
on the world’s medical system, the fast spread of the
COVID-19 pandemic has caused substantial disrup-
tion. As a consequence of the fast and extensive spread
of viral pandemics, there has been an imbalance in the
supply and demand of medical resources in many coun-
tries’ healthcare systems. People have been afraid as a
consequence of the uncertainty surrounding the situa-
tion and the possibility of a pandemic, resulting in med-
ical visits being postponed even when serious diseases
are present.*>'* An Italian study conducted during the
first 40 days of the pandemic revealed a large increase
in out-of-hospital cardiac arrests when compared to the
previous year’s study conducted during the same time
period, which indicated a panic situation."

Untreated stroke and DKA may lead to increased
mortality and morbidity. During the pandemic season,
we saw a drop in both patient groups ED visits. A study
that used neuroimaging data from over 850 institutions
across the United States discovered that the number of
patients tested for stroke-related symptoms decreased
by 39% between 2005 and 2010." According to statis-
tics from Chinas Big Data Observatory Platform for
Stroke, the overall number of instances of thrombol-
ysis and thrombectomy was reduced by 26.7 percent
and 25.3 percent, respectively, following the pandemic,
according to Big Data Observatory Platform for Stroke
data."® According to Canadian research, the number of
code strokes that occur in ED is predicted to fall by
20 percent by the year 2020. In addition to other rea-
sons, the authors mention a significant explanation for
the decline in numbers as concerns about exposure to
SARS-CoV-2."* Another study revealed that the num-
ber of patients coming to ED with ischemic stroke was

reduced by 64 percent in 2020 when compared to the
previous year, according to the researchers.'” Diabetes
mellitus (DM) is a chronic disease that affects around
34 million individuals in the United States. You may
experience unusual blood sugar spikes if you have
DKA or hyperosmolar hyperglycemia (HOH), two po-
tentially life-threatening but treatable metabolic com-
plications of diabetes.'® Several weeks after COVID-19
was declared a national emergency in the United States
on March 13, 2020, there was a 10% decrease in ED
visits for hyperglycemic episodes.'®* When we analyzed
the DKA-related death rates between the pre-and pan-
demic periods, we discovered that there was no sta-
tistically significant change. In light of the fact that
patients with diabetes can frequently predict a DKA
crisis using home glucose monitoring, this conclusion
was not surprising.

A number of legal limitations apply to our inquiry.
First, since this was a retrospective study at one institu-
tion, there is a possibility of selection bias. Second, the
experiment only lasted a few months, and the partici-
pant fatality rate was modest considering the tiny sam-
ple size. As a result, future study should examine the
pandemic’s impact on stroke and DKA mortality.

Conclusion

While the research found that ED visits for life-threaten-
ing diseases including stroke and DKA reduced during
the pandemic, stroke-related mortality increased. Get-
ting them immediate medical attention increases their
chances of survival. Even in a COVID-19 epidemic,
prompt emergency treatment is crucial.
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ABSTRACT

Introduction and aim. Some applications are made to increase the breast milk. This study has been conducted to determine
the complementary and alternative methods to increase the breast milk of mothers with a child in the age of 0 to 24 months.

Material and methods. This study was conducted using the cross-sectional study design. The questionnaire included mothers’
socio-demographic characteristics, obstetric histories, breastfeeding, and practices to increase breast milk.

Results. The mean age of the mothers was 29.75+5.97 years. 23.4% of the mothers stated that they did not continue breast-
feeding; the mean duration of breastfeeding was 9.24+4.88 months. Mothers expressed to increase milk intake water/liquid
food to increase (84.2%), frequently breastfed babies (43.3%), boiling greens to drink (34.6%), spiritual practices (12.8%). Moth-
ers stated that the special drinks used to increase their milk were fennel (56.2%), instant milk enhancer (22.9%), and sage (8.9%).
Mothers emphasized that the amount of water (85.1%) and sugar levels (50.0%) they consumed the most increased breast milk.
Conclusion. It was determined that children could not have enough breast milk until the age of two; the mean duration of
breastfeeding was low. Mothers believe that their breast milk is not enough for their children, so they apply milk-increasing
practices.

Keywords. galactogogues, lactation, mothers

Introduction

Breast milk is essential for laying the foundation of a
healthy life, particularly when given exclusively during
the first six months after birth and with supplementary
food after that during the first two years.' Breast milk

regards to nutritional programming affect the rest of life
in the long term.**

The 2015 report of the Centers for Disease Control
and Prevention (CDC) reveals that 83.2% of babies start
to get breastfeeding while 24.9% of them are exclusively

has been the most natural and healthiest resource of breastfed during the first six months, and 17.2% of them

baby feeding since the beginning of time. Unfortunately,
like all-natural life-supporting resources, breast milk is
also wasted due to wrong information, attitude, and be-
haviors. The benefit of breast milk is affected by the du-
ration of use and exclusive use. Stimuli or experienced
trauma when life is the most critical or sensitive with

are fed with formula in the first two days of their life.®
In Turkey, 98% of the babies are breastfed for “a while,”
and 42% of them are fed with food other than breast
milk. The median time for exclusive breastfeeding is 1.8
months; supplementary foods are started for babies in
the early period.” These results indicate that babies are
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not at the desired level to create and maintain healthy
nutrition.

Mothers’ feeding methods are determined by var-
ious socio-economic, cultural, and personal factors.
There are various factors with negative effects on the
start of breastfeeding in the postnatal period and on
the continuation of healthy nutrition period, including
baby-related factors (crying, colic pain, breast refusal,
etc.) and mother related factors (age, education, em-
ployment, attitude against breastfeeding, anxiety, breast
problems, considering that milk is insufficient, tradi-
tional practice, etc.).’ Providing plenty of breast milk
and latching the baby on the breast during the first post-
natal days are critical tasks. The reasons for cessation of
breast milk in an early period include the concern of
mothers that breast milk is not sufficient for the baby.
Getting colostrum away from the breast through effec-
tive breastfeeding after birth and exclusive breastfeed-
ing from the first day on may provide the production of
breast milk to meet the baby’s needs.>'*'? Although ev-
ery mother’s breast milk production at levels sufficient
for her baby, researches shows that mothers believe that
their milk is not sufficient and resort to complementary
and alternative methods (CAM) to increase their milk.!®
The uses of complementary and alternative methods,
including herbal medicines, are increasing dramatically
in the general population worldwide.'* Studies highlight
that alternative methods considered galactagogues, in-
cluding herbs, herbal teas/medicines, special food, mas-
sage, music, acupuncture, and heat, are popular among
breastfeeding women despite the lack of data on their ef-
ficacy and safety.*!>'¢ Mothers are asked to carry out var-
ious practices to increase breast milk, and it is attempted
to continue the nutrition of babies with supplementa-
ry food since birth. In this process, mothers’ milk is re-
duced, babies cannot feed with breast milk, and both
mothers and babies face various health problems.'”!

Health services to individuals and families to pro-
vide and maintain breastfeeding are essential to lay the
foundations of healthy nutrition. Knowledge of beliefs
and practices to increase breast milk will determine the
priorities, particularly in this period.” The complemen-
tary and alternative methods applied to increase breast
milk should be selected, and then their adequacy and
efficacy should be investigated by evidence-based stud-
ies.'®? Ineffective, insufficient, harmful, or unnecessary
practices that are believed to increase breast milk should
be avoided.

Aim

This study has been conducted in order to determine
the complementary and alternative methods that are be-
lieved to increase breast milk of mothers with a child in
the age of 0 to 24 months.

Material and methods

Study design and participants

The present hospital-based cross-sectional study was
conducted in pediatric wards of a tertiary care teach-
ing institution from March 15, to June 15, 2019 in Tur-
key. The sample size was computed using the following
formula: [n=7?pq/d?*]. (n=sample size, z=(1-a), is the
z-score corresponding to a 95% confidence interval and
was computed as 1.96, p=0.50, q=(1-p)=0.50, d=desired
margin of error or 0.05.) The estimated sample size was
384. However, to cover for possible dropouts due to miss-
ing information on crucial questions, a total of 436 par-
ticipants were recruited for the study. Purposive sampling
method was used in the study. The sample group consists
of the mothers with a child in the age of 0 to 24 months
in the institution where the study was conducted and 436
mothers were included in the study during the data col-
lection dates (a period of 3 months). The study was con-
ducted with the mothers with a child in the age of 0 to 24
months since the importance of breast milk for the first
two years in baby nutrition is emphasized.

Data collection tools

In this study, a questionnaire form prepared in line with
the literature was used as a data collection tool. Data
collection tool consists of 47 questions including so-
cio-demographic qualities of mothers (13 questions),
obstetric histories (9 question), breastfeeding condi-
tions (15 questions) and practices of mothers to in-
crease breast milk (10 questions)."*3!3!¢ The researcher
obtained the consent of mothers to collect data and their
convenient times were determined. Data was collected
by the researcher through face-to-face interview meth-
od within 30 to 40 minutes in average in an appropriate
meeting room.

Ethics approval

All procedures performed in studies involving human
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. The
study was approved by the Ethics Committee of Univer-
sity of Giresun (Date: 19.12.2018/No: 08-16).

Statistical analysis

Statistical analyses were performed using the statistical
software package SPSS version 20 for Windows (IBM,
New York, USA). Means, standard deviations, percent-
ages, and frequencies were used for descriptive analysis.

Results

The average age of mothers in the study was 29.75+5.97
years (18-45 years), and more than half of them (58.9%)
are in the group of 30 years and younger. More than half
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Table 1. Knowledge, attitudes and practices of mothers on breastfeeding (n=436)

Mean * standard deviation n %
Initiation of breastfeeding
< 30 minute 299 68.6
30-60 minute 115 26.4
> 60 minute 22 5
Duration of feeding only breast milk 6.60+2.84 months (1-24 months)
<4 months 9 2.1
5 months 13 3
6 months 370 84.9
> 7 months 44 10.1
Food given first after birth
Breast milk 398 91.3
Zamzam water 15 34
Water 10 23
Infant formula 9 2.1
Sugar water 4 0.9
Time they plan to breastfeed with complementary feeding 20.76+6.10 months (6-36 months))
12 months and under 115 26.4
13-18 months 20 4.6
19-24 months 287 65.8
25 months and over 14 32
How many hours do they breastfeed their baby?
Whenever it cried 224 514
Every 2-3 hours 210 48.2
When it comes to my mind 2 0.5
What the previous children fed in the first 6 months?
Breast milk only 156 53.2
Breast milk and complementary feding 84 28.7
Breast milk and water 33 1.3
Breast milk and infant formula 19 6.5
Infant formula 1 0.3
Are you still breastfeeding your baby?
Yes 334 76.6
No 102 234
If no, how many months did you breastfeed? 9.24+4.88 months (2-24 months)
Reason for ending breastfeeding
My milk is not enough/enough 69 15.8
Baby did not take the breast 29 6.7
| am separated from my baby 27 6.2
| did not want to breastfeed 20 4.6
It was the appropriate time to finish 10 2.3
My breasts were not suitable 9 2.1
| got pregnant 4 0.9
| was taking medication 2 0.5
Time to start complementary feeding 5.56+1.00 months (3-12 months)
4 months and less 41 133
5 months 80 26.0
6 months 168 54.5
7 months and over 19 6.2
The reason for starting complementary feeding
Additional food time has come 144 46.8
The baby was not getting enough 100 325
My milk didn’t come 18 5.8
Midwife/nurse suggested 17 55
Doctor suggested 13 4.2
My baby couldn’t suck 9 29
| was sick, | was taking medication 5 1.6
My milk didn't work 2 0.6
Do you think your milk is enough for your baby?
Yes 174 39.9
No 262 60.1
How do you know your milk is not enough?
Restless and not sleeping after sucking and changing diaper 169 388
By month low weight 62 14.2
It sleeps constantly, is inactive and cries very quietly 31 7.1
Why do you think your milk is not enough?
I'm under extreme stress 100 382
I'm not fed well enough 82 313
| started to work 42 16
| drink little water 15 57
I've had breast problems 13 5
| have mental problems 4 1.5
Other 6 2.3
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Table 2. Complementary and alternative methods of increasing breast milk supply for lactating mothers (n=436)

n %
Is there anything you do specifically to increase your milk?
Yes 411 94.3
No 25 5.7
Which of the following did you do to increase your milk?
| get plenty of water and juicy food 367 84.2
| breastfeed my baby often (8-10 times a day, every 2-3 hours) 189 433
| drink water by boiling greens 151 34.6
| wore the amulet 56 12.8
| breastfeed my baby for at least 4-5 minutes in a breast 51 11.7
Mixing spices with honey and eating on an empty stomach in the morning 36 8.3
I boil the barley and drink its water 29 6.7
Other 3 0.7
Who/who recommended practices to increase breast milk?
Midwife/Nurse 253 58
Family member 180 413
Social media 125 28.7
Physician 70 16.1
Neighbors 46 10.6
Have you received training on breastfeeding and breast-enhancing measures / practices?
Yes 314 72
No 122 28
Who did you get the training from?
Midwife/Nurse 288 91.7
Physician 26 8.3
Are there particular foods you eat because you are breastfeeding?
Milk and milk products 233 534
Milky desserts 120 27.5
Dumpling desserts 25 57
Juicy soups 250 57.3
Meat and meat products 59 13.5
Molasses/honey/jam/tahini 146 335
Lohusa sherbet 212 48.6
Rice pilaf/Bulgur pilaf 132 303
Herb teas 194 44.5
Dried legumes 68 15.6
Fruit 121 27.8
Vegetables, greens (parsley, dill) 229 525
Nuts, peanuts, walnuts 84 19.3
Onion, garlic 49 11.2
Raisins/figs 91 20.9
What are the special drinks you consume to increase your milk?
Fennel 145 56.2
Milk enhancer teas/drinks 59 229
Sage 23 8.9
Nettle 21 8.1
Anise 7 2.7
Rosehip 3 1.2
What is your most used practice to increase your milk?
Increasing water intake 371 85.1
Increasing green vegetable consumption 146 335
Increasing tea consumption 92 211
Increasing the frequency of breastfeeding 63 14.4
What foods and applications increased your milk the most?
Sugary foods 218 50
Soup 206 47.2
Fruit 62 14.2
Milk 47 10.8
What drinks increased your milk the most?
Liquid foods 224 54.4
Sugary drinks 97 235
Teas/Milk enhancer tea 91 22.1

of the mothers (52.5%) lives in urban areas, almost half
of them (48.9%) are high school graduates, the majori-
ty of them (71.3%) are housewives or unemployed, ma-
jority of them (83.9) has a medium level of perceived
socio-economic status and the majority of them (78%)

have a nuclear family structure. In the study, it was de-
termined that 17.4% of the mothers had an unintended
pregnancy. One-fourth of mothers (75.7%) gave birth at
state hospitals, and the birth ratio with cesarean section
was 57.1%. The total average number of pregnancies is


https://creativecommons.org/licenses/by/4.0/

Complementary and alternative methods of increasing breast milk of mothers of children aged 0-24 months 155

2.14+1.1 (1-8), while the number of surviving babies is
1.87+0.85 (1-6). More than half of the babies were girls,
38.8% are between 0 to 6 months, 35.8% were between 7
to 12 months, and 25.5% were between 13 to 24 months.

In the study, most participants (68.6% ) stated that
they breastfed their babies in the first 30 minutes after
giving birth, 26.4% in the first 30 to 60 minutes, 5.0% 1
hour later after giving birth. The majority of the moth-
ers (91.3%) stated that they breastfed first as the first nu-
trition of the baby, 3.4% gave Zamzam water, 2.3% gave
water, 2.1% showed a formula, and 0.9% gave sugared
water (Table 1).

One-fourth of mothers (23.4%) said they were not
currently breastfeeding, while the average breastfeeding
duration was 9.24+4.88 months (2 to 24 months). The
participants stated that the reason for ending breastfeed-
ing was ablactation and insufficient breast milk (15.8%),
breast refusal (6.7%), separation from baby (6.2%), un-
willingness to breastfeed (4.6%) and other reasons. The
time to start supplementary food is 5.56+1 months on
average (3 months to 12 months). More than half of the
participants (60.1%) stated that their milk was not suffi-
cient due to factors including extreme stress (38.2%), in-
sufficient nutrition (31.3%) and, resuming work (16%)
(Table 1).

The participants stated that they mostly had plen-
ty of water and liquid food (84.2%), frequently breast-
fed their babies (8 to 10 times a day, every 2 to 3 hours)
(43.3%), drank boiled green juice (34.6%), and wore
an amulet (12.8%). Almost three-fourths of the partic-
ipants (72%) received breastfeeding and galactagogues
measures/practices training. The majority of this train-
ing (91.7%) was carried out by midwives/nurses. The
special drinks to increase breast milk included fen-
nel (56.2%), instant galactagogues teas/drinks (22.9%),
sage tea (8.9%), nettle (8.1%), aniseed (2.7%), and rose-
hip (1.2%). They stated that the most frequent methods
to increase breast milk included the increase of water
intake (85.1%), more consumption of green vegetables
(33.5%), increased consumption of tea (21.1%), and in-
creased frequency of breastfeeding (14.4%). They stat-
ed that their breast milk was increased most with foods
such as sugary food (50%), soup (47.2%), fruit (14.2%),
and milk (10.8%) (Table 2).

Discussion

Nutrition with breastfeeding is the first and the most
step of healthy food. Breastfeeding is widespread and
traditional in Turkey. However, exclusive breastfeeding
for the first six months and breastfeeding is problemat-
ic. Breastfeeding mothers often believe that their milk is
sufficient.” Breastfeeding babies frequently and through
correct techniques, emptying the breasts, adequate
sleep, and resting, and increasing mothers’ self-confi-
dence is reported to be effective practices in increasing

breast milk. However, there are various cultural applica-
tions in practice.”>* This study helps determine comple-
mentary and alternative galactagogue methods.

The early start of breastfeeding is helpful for both
mother and baby. Skipping this early postnatal period of
the first half an hour harms the success and duration of
breastfeeding.”>* The study revealed that mothers didn't
breastfeed their babies in the first half an hour. Senarath
et al. found that only 46.1% of mothers started breast-
feeding in the first one hour.” Bergamaschi et al. report-
ed that the breastfeeding ratio of mothers in the first one
hour was 50% and that 61% of babies were not exclu-
sively breastfed in the first three days.” Turkey Demo-
graphic and Health Survey (TDHS) 2018 data indicated
that 71% of babies were breastfed in 1 hour.” In the pres-
ent study, 53.2% of mothers stated that they exclusively
breastfed their older child for the first six months. Exclu-
sive breastfeeding for the first six months was reported
in similar studies to be 30.7% by Senarath et al., 37.3%
by Ukegbu et al., % ten by Mateus Solarte and Cabre-
ra Arana and, 28.5 % by Osibogun et al.”*° The ratio
of exclusively breastfed babies in the first six months in
Turkey is 40.7%.” UNICEF emphasizes that early breast-
feeding of babies after birth is helpful for mothers and
babies and that babies need to be breastfed in the first 30
minutes after birth.! Pieces of training should continue
on the necessity of early start of mother-baby contact,
breastfeeding babies in the first half an hour, and having
breast milk as babies’ first food.

World Health Organization (WHO) recommends
that babies continue to be breastfed until two years of
age.! The present study found the average breastfeed-
ing duration of babies to be low (9.24+4.88). Similarly,
there are increases in the ratio of starting breastfeeding
in several countries; however, data show that few wom-
en continue breastfeeding for the recommended dura-
tion, especially in developed countries.* In the present
study, the reasons to end breastfeeding included pri-
marily ablactation/insufficient breast milk followed by
breast-related problems. The studies in this field indi-
cate that most mothers believe that their milk is inade-
quate for their babies. Hence, they start supplementary
food early (before six months) and primarily use for-
mula and other liquid food as supplemental food.>'*"*
While more than 50% of breastfeeding mothers per-
ceive that their milk is insufficient, only five percent of
them have physiological milk deficiency. The reason for
mothers’ perception of insuflicient milk is their misin-
terpretation of infant behavior and their lack of confi-
dence in their ability to breastfeed.”* Mothers stated that
they understood that their milk was not enough because
74.6% of their babies were restless, 23.7% of their ba-
bies did not gain enough weight and 1.7% of them were
not active. Reliable signs of insufficient breast milk are
insufficient weight gain and insufficient urination.'*%
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The most critical problem at this stage is that mothers
start different searches just on the assumption that their
breast milk is insufficient without really finding out that
their breast milk is inadequate. The study revealed that
mothers intended to breastfeed their babies for the first
six months exclusively; however, they started supple-
mentary food early. This indicates that mothers have a
positive attitude, but they fail in practice. Therefore, this
demonstrates the need to support mothers concerning
breastfeeding, breast milk, and its sufficiency.

Several studies reported that mothers applied tradi-
tional galactogogues methods rather than modern ones
and that those methods need evidence.'***** The present
study revealed that almost all mothers used complemen-
tary and alternative approaches to increase their milk.
Sibeko et al. found that mothers used herbal tea by 56%,
commercial galactogogues product by 13%, and ginger/
beer by 3% to increase their milk.*? In a qualitative study
by Sim et al. with breastfeeding women on the use of
herbal galactagogues, it was found that all women used
fenugreek, three of them used a mixture of fenugreek
and blessed thistle, and seven of them used “lactation
tincture” including herbal components in their breast-
feeding period.” Mothers stated that they were not
against the idea of using herbal items and found them
to be safer than chemicals and pharmacologic medi-
cines.* In another study, it was reported that 69% of the
lactation counselors heard about galactogogues herbal
drugs, that 65% of the recommended one or more of
these methods despite the lack of evidence on the meth-
ods and that they recommended most commonly fen-
ugreek and blessed thistle as a galactogogues product.*
Various herbs and foods are known to be used as galac-
tagogue, including almond, aniseed, asparagus, cumin,
chicken soup, coriander, coconut, dandelion, dill, fen-
nel, fenugreek, garlic, hop, lettuce, radix althaea, millet,
mushroom, stinging nettle, oat straw, daisy, rice, sage,
sunflower seed, and thistle.*** The studies conducted
in Turkey revealed that the galactogogues practices are
standard, including water and liquid foods, milk, and
dairy products, herbs (fennel tea, stinging nettle, pars-
ley, dill, onion, bulgur, cowpea, etc.), sugary foods (lo-
husa sherbet, tahini halva, milk puddings, boiled grape
juice).’®* In the study by Dinc et al. determined the tra-
ditional galactogogues practices to be frequent breast-
feeding by 29.7%, wearing blue bead and saying a prayer
over it by 23.1%, consuming a lot of water by 23.1%,
breastfeeding for a long time by 7.5%, having a rest by
7.1%, rubbing the breast by 6.6% and pouring lead by
2.8%.* It is noticed that the galactogogues practices are
traditional rather than scientific. Therefore, it is evident
that mothers need education and support for breast-
feeding and lactation. Evidence-based studies should
also be conducted for the effectiveness of the CAM used
to increase milk.

Many mothers think that their breast milk is insuf-
ficient and employ various methods to increase breast
milk within the traditional experience and beliefs. There
is no standard information on the qualities of these
methods, including use, frequency, dose, and composi-
tion.'® There is limited literature on the complementary
galactogogues methods. The complementary galactogo-
gues methods vary among societies.

Limitations of the study

There are some limitations to our study. First, the study’s
design was cross-sectional, and the data did not ac-
count for assumptions concerning causation. Because
cross-sectional studies involve some methodological
limitations and conclusions should only be extrapolat-
ed to populations with similar characteristics. In a larg-
er sample, multicenter and multidisciplinary studies can
be planned. Secondly, our data came from self-reports.
This may not avoid the subjective bias caused by indi-
vidual recall.

Conclusion
The study revealed that children did not get sufficient
breast milk until two years of age, average breastfeed-
ing duration is low, and mothers start supplementary
food early. Mothers believe that their breast milk is not
sufficient and employ galactogogues practices. Mothers
concentrate on consuming exceptional food and drinks
during the lactation period, including mainly fennel tea,
instant galactogogues teas, sugary foods, and water in-
take. It will be helpful to study the evidence-based effec-
tiveness of the complementary galactogogues methods.
Since traditional methods are more common than
modern methods to increase breast milk, training should
be organized with consideration to cultural factors con-
cerning breastfeeding, exclusively breastfeeding, and in-
creasing breast milk. Lactation counseling should be
mainstreamed; problems and solutions for the nutrition
of babies should be defined and implemented to realize
the breastfeeding recommendations of the World Health
Organization and UNICEE It should be remembered that
lactation counseling is the most effective method to in-
crease breast milk, and lactation problems of mothers
should be solved timely with the homecare practices in
the postnatal period recommending the continuation of
breast milk which is necessary for babies.

What is the current knowledge?

The most crucial reason breastfeeding cannot be con-
tinued is perception of insufficient breast milk. Foods
and drinks that increase breast milk (galactagogue) are
used from past to present. Many foods and herbs can
be counted as galactogogues. Many mothers around the
world use herbs and foods to increase their milk. Al-
though the mechanism of action of medicinal herbs and
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foods used to increase breast milk is unknown, it is sup-
ported by traditional experiences and beliefs that they
are effective. Many of the mechanisms are unknown.

What is new here?

Mothers believe that their breast milk is not sufficient and
employ galactogogues practices. Mothers concentrate on
consuming exceptional food and/or drinks during the
lactation period, including mainly fennel tea, instant ga-
lactogogues teas, sugary foods, and water intake. It will be
helpful to study the evidence-based effectiveness of the
complementary galactogogues methods. Ineffective, in-
sufficient, harmful, or unnecessary practices that are be-
lieved to increase breast milk should be avoided.

Acknowledgements
The authors thank all parents who participate in this study.

Declarations
Funding
This research received no external funding.

Author contributions

Conceptualization, EU.T. and H.H.C.; Methodology,
EU.T; Software, EU.T; Validation, EU.T., H.H.C.; For-
mal Analysis, EU.T., H.H.C.; Investigation, EU.T; Re-
sources, EU.T,; Data Curation, EU.T.; Writing - Original
Draft Preparation, EU.T.; Writing - Review & Editing,
EU.T. and H.H.C,; Visualization, EU.T. and H.H.C.; Su-
pervision, EU.T.; Project Administration, EU.T.; Fund-
ing Acquisition, FU.T. and H.H.C.

Contflicts of interest
All authors declare that they have no conflicts of interest.

Data availability

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable re-
quest.

Ethics approval
Ethical consent was obtained from Giresun University
Ethics Committee for the study, dated 19/12/2018 and
numbered 08/1.

References

1. World Health Organization. Infant and young child fe-
eding: model chapter for text books for medical students
and allied health professionals. 2009, Geneva: WHO.

2. Kramer MS, Kakuma R. Optimal duration of exc-
lusive breastfeeding. Cochrane Database Syst Rev.
2002;(1):CD003517.

3. Cattaneo A,Yngve A, Koletzko B, Guzman LR. Protection,
promotion and support of breast-feeding in europe: Cur-
rentsituation. Public Health Nutr. 2005;8(1):39-46.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Schaffir J, Czapla C. Survey of lactation instructors
on folk traditions in breastfeeding. Breastfeeding Med.
2012;7(4):230-233.

Morton J, Lawrence RA. Nutrition - breast milk. In Ru-
dolph CD, Rudolph AM, Lister GE, First LR, Gershon AA,
Leventhal JM (Eds.), Rudolph’s Pediatrics New York, Mc-
Graw-Hill; 2013.

Centers for Disease Control and Prevention. Breastfeedig
Report Card United States. Available from: https://www.
cdc.gov/breastfeeding/pdf/2018breastfeedingreportcard.
pdf. Accessed 2020 Jan 13.

Turkey Demographic and Health Survey (TDHS) 2018.
Hacettepe University Institute of Population Studies. Ava-
ilable from: http://www.hips.hacettepe.edu.tr/tnsa2018/
rapor/tnsa2018. Accessed 2019 Nov 30.

Forinash AB, Yancey AM, Barnes KN, Myles TD. The use
of galactogogues in the breastfeeding mother. Ann Phar-
macother. 2012;46(10):1392-1404.

Thulier D, Mercer J. Variables associated with breast-
feeding duration. J Obstet Gynecol Neonatal Nurs.
2009;38(3):259-268.

Lumbiganon P, Martis R, Laopaiboon M, et al. Antenatal
breast feding education for increasing breastfeeding dura-
tion. Cochrane Database Syst Rev. 2012;9:Cd006425.
Renfrew MJ, McCormick FM, Wade A, et al. Support for
health breastfeeding mothers with healthy term babies.
Cochrane Database Syst Rev. 2012;5:Cd001141.

Sakha K, Behbahan AG. Training for perfect breastfeeding
or metoclopramide: which one can promote lactation in
nursing mothers? Breastfeed Med. 2008;3:120-123.
Zapantis A, Steinberg JG, Schilit L. Use of herbals as galac-
tagogues. ] Pharm Pract. 2012; 25:222-231.

Frass M, Strassl RP, Friehs H, et al. Use and acceptance of
complementary and alternative medicine among the gene-
ral population and medical personnel: a systematic review.
Ochsner J. 2012;12:45-56.

Becker GE, Smith HA, Cooney F. Methods of milk expres-
sion for lactating women. Cochrane Database Syst Rev.
2016;9(CD006170).

Ayers JF. The use alternative therapies in the support of
breastfeeding. ] Hum Lact. 2000;16:52-56.

McCann MF, Bender DE. Perceived insufficient milk as a
barrier to optimal infant feeding: examples from Bolivia. ]
Biosoc Sci. 2006;38:341-364.

Yamada R, Rasmussen KM, Felice JP. What is ‘enough,
and how do 1 make it?: A qualitative examination of qu-
estions mothers ask on social media about pumping and
providing an adequate amount of milk for their infants.
Breastfeed Med. 2019;14(1):17-21.

Hennessy VR. Nurse’s role in breastfeeding promotion.
The Faculty of the Department of Nursing of Gonzage
Universty. The Degree of Master of Science in Nursing,
Washington;2003.

Vargova Z, Kucerova JR. Herbs for increasing breast-milk
production. Ceska Slov Farm Spring. 2018;66(5):208-219.


https://creativecommons.org/licenses/by/4.0/

158

European Journal of Clinical and Experimental Medicine 2022; 20 (2): 151-158

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Neifert M, Bunik M. Overcoming clinical barriers to ex-
clusive breastfeeding. Pediatric Clinics of North America.
2013;60(1):115-145.

Quigley MA. Increasing exclusive breastfeeding. BMJ.
2007;22:574-575.

Hussainy S, Dermele N. Knowledge, attitudes and practic-
es of health professionals and women towards medication
use in breastfeeding: A review. Int Breastfeed J. 2011;6:11.
Bazzano A, Hofer R, Thibeau S, et al. A review of herb-
al and pharmaceutical galactagogues for breast-feeding.
Ochsner J. 2016;16:511-524.

Pollard M. Evidence-based care for breastfeeding mothers:
a resource for midwives and allied healthcare profession-
als: Routledge;2012.

Bergamaschi N, Oakley L, Benova L. Is childbirth location
associated with higher rates of favourable early breast-
feeding practices in Sub-Saharan Africa? J Glob Health.
2019;9(1):010417.

Senarath U, Dibley MJ, Agho KE. Breastfeeding practices
and associated factors among children under 24 months
of age in Timor-Leste. Eur J Clin Nutr. 2007;61:387-397.
Ukegbu AU, Ebenebe EU, Ukegbu PO, Onyeonoro UU.
Determinants of breastfeeding pattern among nursing
mothers in Anambra State, Nigeria. East Afr J Public
Health. 2011;8(3):226-231.

Mateus Solarte JC, Cabrera Arana GA. Factors associated
with exclusive breastfeeding practice in a cohort of women
from Cali, Colombia. Colomb Med (Cali). 2019;50(1):22-29.
Osibogun OO, Olufunlayo TF, Oyibo SO. Knowledge,
attitude and support for exclusive breastfeeding among

3L

32.

33.

34.

35.

36.

37.

38.

39.

bankers in Mainland Local Government in Lagos State,
Nigeria. Int Breastfeed ]. 2018;13:38.

Quigley MA, Carson C, Sacker A, Kelly Y. Exclusive
breastfeeding duration and infant infection. Eur J Clin
Nutr. 2016;30:1420-1427.

Sibeko L, Dhansay MA, Charlton KE, et al. Beliefs, at-
titudes, and practices of breastfeeding mothers from
a periurban community in South Africa. ] Hum Lact.
2005;21(1):31-40.

Wood NK, Sanders EA, Lewis FM, Woods NF, Blackburn
ST. Pilot test of a home-based program to prevent perceived
insufficient milk. Women and Birth. 2017;30(6):472-480.
Sim TF, Hattingh HL, Sherrift J, Tee LBG. Perspectives
and attitudes of breastfeeding women using herbal galac-
tagogues during breastfeeding: a qualitative study. BMC
Complement Altern Med. 2014;14:216.

Nice FJ. Common herbs and foods used as galactogogues.
Infant Child Adolesc Nutr. 2011;33:129-132.

Marasco L. Inside track: increasing your milk supply with
galactogogues. ] Hum Lact. 2008;24:455-456.

Humphrey S. Herbal therapies during lactation. In: Hale
T, Hartmann P, eds. Textbook of Human Lactation. Ama-
rillo, TX: Hale; 2007.

Tanriverdi S, Koroglu AO, Kultursay N, Egemen A. Moth-
ers’ opinions and attitudes about the factors increasing
breast milk. J Ped Res. 2014;1(2):84-86.

Dinc A, Dombaz I, Dinc D. Traditional practices relat-
ed to breast milk and breastfeeding of mothers with ba-
bies of 6-18 months. Balikesir Health Sciences Journal.
2015;4(3):125-130.


https://creativecommons.org/licenses/by/4.0/

Wydawnictwo UR 2022
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2022.2.4

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2022; 20 (2): 159-166

ORIGINAL PAPER

Juliana Roncini Gomes da Costa @@, Alana Ludemila de Freitas Tavares @,

Gladson Ricardo Bertolini @, Maria Luiza Serradourada Wutzke @,

Carolina De Toni Boaro @, Diego Francis Saraiva Rodriguez @@, Rose Meire Costa @,

Lucinéia de Fatima Chasko Ribeiro

Histological aspects of whole-body vibration in the knee
remobilization of Wistar rats

Universidade Estadual do Oeste do Parana, Cascavel, Parana, Brazil

ABSTRACT

Introduction and aim. The knee is one of the joints where immobilization is most used, however, it can cause morphological
changes in the joint tissues and is a challenge to be overcome during rehabilitation. Whole-body vibration (WBV) is capable
of generating repetitive oscillatory movements, which cause mechanical stimuli that interfere with tissue plasticity. The aim of
this study was to analyze the knee morphology of Wistar rats submitted to remobilization with WBV.

Material and methods. 32 male rats were used, divided into four groups (n=8): Control Group (G1), Immobilization Group (G2),
Immobilized Group and Free Remobilization (G3), Remobilized Group with WBV (G4). For immobilization, a plastered appara-
tus was used for 15 days. G3 and G4 carried out free remobilization or with WBV, respectively, for 2 weeks. The knee joints were
processed for light microscopy.

Results. The WBV led to a reduction in the inflammatory infiltrate in the articular cavity and greater presence of adipocytes in
the subintima of the synovial membrane.

Conclusion. Remobilization with WBV induced a better tissue response in the synovial membrane when compared to free re-
mobilization.

Keywords. articular cartilage, knee, synovial membrane, vibration

Introduction

The practice of any sport is often associated with the de-
velopment of musculoskeletal injuries, with great im-
pact on the rehabilitation process for the return to the
sport, recovery can take from weeks to months.! In
many cases, as part of the initial treatment of these inju-
ries, the first method used for protection of injured tis-
sues and pain relief is complete immobilization of the
joint, being a common practice for the treatment of or-
thopedic disorders such as sprains, ligament ruptures,
muscle injuries, joints and fractures.”™

Immobilization and associated movement restric-
tion may affect bone, muscle and joint composition.
Specifically for the joints, immobilization acts on the
cartilage inducing its degeneration, including reduc-
tion of hydration, alteration of structure and reduction
of proteoglycan and chondrocyte synthesis, and decre-
ase of cartilage thickness, which reflects in the decrea-
se of load absorption capacity, and may cause or worsen
chondral lesions, leading in the long run to the develo-
pment of osteoarthritis, some of these alterations being
partially reverted to normal values after remobiliza-
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tion.>? The joint capsule is also affected by immobili-
zation, which promotes morphological changes in the
intima and subintima synovial, resulting in decreased
synovial fluid production and reduced nutritional su-
pply to the cartilage.'

Thus, early rehabilitation is extremely important to
recover joint functionality.® There are numerous forms
of remobilization, such as treadmill running, resistance
and aquatic exercises.'"'> However, the search for new
therapies that accelerate the regenerative process in re-
mobilization is of great value. In this sense, studies have
shown that whole-body vibration (WBV) can act as an
anabolic stimulus for various tissues, including the mus-
culoskeletal system."*"'¢ Despite their indications, there
are still few studies evaluating WBV on joint tissue, as
well as in the remobilization process.'”'s

Aim

Thus, this study analyzed the morphological responses
of the knee of immobilized and remobilized Wistar rats
on a vibration platform.

Material and methods

Ethical approval

The study was approved by the Ethics Committee on the
Use of Animals of the Universidade Estadual do Oeste
do Parand (UNIOESTE), 2729/2014-GRE.

Sample and experimental groups

The experiment was performed using 32 Wistar rats,

with a mean age of 10 weeks and weight of 177.20+16.32

g, kept in an environment with a temperature of 23+1°C,

with a photoperiod of 12 hours, receiving water and

feed ad libitum. The animals were randomly separated
into four groups (n=38):

- Control Group (G1): without any kind of interven-
tion;

- Immobilization Group (G2): submitted to the im-
mobilization protocol;

- Group Immobilization/Free Remobilization (G3):
submitted to the immobilization and free remobi-
lization protocol;

- Group Immobilization/Remobilization WBV (G4):
submitted to the immobilization and remobiliza-
tion protocol with the use of the vibration platform.

Immobilization protocol

To perform the immobilization, the animals were anes-
thetized (xylazine hydrochloride 15 mg/kg and ket-
amine hydrochloride 80 mg/kg, intraperitoneally) and
immobilized with a plaster bandage. The immobilized
groups (G2, G3 and G4) had the orthosis molded from
the abdominal region, just below the last ribs, following
to the right pelvic limb of each animal, being placed in
the whole extension of the limb so that it remained in

complete extension of the knee joint as well as, complete
plantar ankle flexion. The animals were kept in this po-
sition for a period of 15 consecutive days.

Remobilization protocol
For the remobilization was used a commercial platform
of the brand Arktus professional, with frequency of 60
Hz and vibrations with amplitude of 2 mm, for 10 minu-
tes, five days a week, with rest of two days at the end of
the week, for 2 weeks, totaling 10 days of training with
WBV. A support was used with the purpose of contai-
ning the animal during the vibration and enable the
animals to exercise simultaneously, which was made of
white MDF wood, and allowed to position 8 animals
concomitantly, in stalls with 13 cm wide, 19 cm long and
25 cm high. To minimize a possible bias on the positio-
ning of the animals on different areas of the vibratory
platform that received less vibration amplitude, a rota-
tion was performed between the stalls in which each day
of treatment the animal was housed in a different place
from the previous day."

For G3, after the 15 days of immobilization and the
removal of the cast bandage, the animals remained in
the cage for 15 days receiving water and feed ad libitum.

Morphological analysis

The animals of the control group (G1) and the immobi-
lization group (G2) were eutanasiated soon after the 15
days of intervention, while the animals of the free remo-
bilization group (G3) and the platform remobilization
group (G4) were eutanasiated after 2 weeks of remobi-
lization. All the animals were weighed, duly anesthe-
tized by intramuscular injection of 80 mg/kg ketamine
and 8 mg/kg xylamine and decapitated in a guillotine.
Then the right pelvic limb was dissected and the knee
joints followed for histological processing, being fixed
in a 10% formaldehyde solution for 24 hours, washed in
running water for 1 hour and remaining immersed in
5% trichloroacetic acid for approximately 20 days, fol-
lowing the routine steps for inclusion in paraffin, where
they were dehydrated in increasing series of alcohol and
diaphanized in xylol. The histological paraffin embed-
ding was performed, longitudinally sectioned in 7 pm
thickness in a microtome (Olympus CUT 4055) and
stained with hematoxylin and eosin.

The slides were photomicrographed under a light
microscope (Olympus), with 200x magnification for
morphology analysis. The morphological characteris-
tics of the articular cartilage were observed, such as the
distribution of chondrocytes, appearance of the articu-
lar surface and the presence of cracks in the extracel-
lular matrix, floculation and cellular clones, as well as
the subchondral bone and the synovial membrane, and
the tissue aspects of the intima and subintima were ob-
served.
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Results

Morphological analysis of the synovial membrane of
the control group (G1) revealed normal characteris-
tics, that is, from two to three layers of synoviocytes
(types A and B) in the intima synovialis, and subintima
with a predominance of adipose cells and blood vessels
within the normal range (Figure 1A). In the immobi-
lized group (G2), the synovial membrane presented al-
tered, with thickened and disorganized intima as to the
distribution of the synoviocytes and subintima with
substitution of adipocytes by connective tissue rich in
collagen fibers, inflammatory infiltration and intense

angiogenesis, with an increase in the number and cal-
iber of blood vessels (Figure 1B). In the animals of the
free remobilization group (G3) (Fig. 1C) and trained
with WBV (G4) (Figure 1D) the morphological aspects
were similar to the control (G1), with the intima orga-
nized in its characteristic layers, while the subintima
presented tissue reorganization, with a small amount
of connective tissue and inflammatory cells and vascu-
larization within the normal range, when compared to
G2, but with inflammatory infiltrate in the joint cavity
in G3 (Fig. 1C) and larger amount of adipocytes in the
subintima in G4 (Fig. 1D).

Fig. 1. Photomicrographs of the synovial membrane of the knee joint of Wistar rats, sagittal section, staining in hematoxylin
and eosin. In A, control group (G1), with thin synovial intima (black arrow) and subintima (S), with predominance of adipose
cells (Ad) and blood vessels within normal range (thin arrow). In B, immobilization group (G2), thick synovial intima and
disorganization of synoviocytes, in subintima replacement of fat tissue by connective rich in collagen fibers (white arrow),
presence of intense inflammatory infiltrate (V) and large amount of blood vessels. In C, free remobilization group (G3) and D,

WBV group (G4), intima and subintima returning to reorganization, with presence of inflammatory cells in the joint cavity of

G3. Joint cavity (star)
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Fig. 2. Photomicrographs of femoral joint cartilage in the patellofemoral joint of Wistar rats, sagittal section, staining in
hematoxylin and eosin. In A, control group (G1), normal joint cartilage organization (Ca), smooth surface, chondrocytes
distributed in the characteristic zones (Black arrow), presence of tidemark (thin arrow), normal looking subchondral bone

(OS) In B, immobilization group (G2), flocculations (Fl) on the surface of the cartilage, fissure (Fi) in the extracellular matrix,
increase in the number of chondrocytes and disorganization of the zones, invaginations in the subchondral bone with
presence of vascular connective tissue (asterisk) and absence of tidemark. In C, free remobilization group (G3) and D, platform
remobilization group (G4), surface flocculation, with large number of isogenic groups (Gi) in the various layers, vascular

connective tissue. Joint cavity (star)

In the morphological analysis of the knee joint, the
cartilage of the femur and tibia, in G1, showed normal
characteristics, where the surface was smooth and the
chondrocytes organized in the four cell layers, and in the
surface area, they were in horizontal clusters with a flat-
tened appearance, in the intermediate more rounded,
being isolated or in isogenic groups, in the deepest orga-
nized in gaps, being separated from the calcified area by a
basophilic line, tidemark. Deep in the calcified zone, the
subchondral bone had a normal aspect (Fig. 2A).

In G2, it was found that immobilization caused se-
vere morphological changes, such as disorganization
and flocculations on the joint cartilage surface, cracks
in the extracellular matrix, increase in the number of
chondrocytes that, lost the pattern of organization in ar-
eas with increased total thickness of the joint cartilage,
absence of tidemark, besides invaginations in the sub-
chondral bone with the presence of vascular connective
tissue filling the medullar space immediately adjacent to
the cartilage, where vascular tunnels appeared and pen-
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etrated inside the deep layer of the cartilage, destroy-
ing the subchondral plateau. These findings were most
evident in the femur in the patellofemoral joint region
(Fig. 2B).

In animals of groups G3 (freely remobilized) and
G4 (remobilized by WBV), the morphological results
were similar. The cartilage still showed flocculation,
but absence of fissures in the extracellular matrix, be-
ing possible to observe the presence of groups of cel-
lular clones or isogenic groups in the superficial layer
in great quantity, with beginning of the organization of
the cellular zones and beginning of tidemark organiza-
tion in some points. In the subchondral bone remained
areas of invagination, but with a decrease in the vascu-
lar connective tissue that filled the medullary space (Fig.
2C and 2D).

Discussion

Morphological observations of the knee joint in the
control group showed normality in the cellular orga-
nization of the synovial membrane and joint cartilage,
expected in synovial joints.?! On the other hand, the
groups submitted to experimental immobilization (G2)
presented morphological alterations of tissue disorgani-
zation in the synovial membrane and articular cartila-
ge, corroborating with the findings of Kunz et al., or the
free remobilization (G3) and WBV (G4) groups, there
was absence of cracks in the extracellular matrix, pre-
sence of cellular clone and organization principle of the
zones and tidemark, not differing between the forms of
remobilization.'

Regarding the thickening of the synovial mem-
brane, Del Carlo et al., found that immobilization de-
generates the synoviotics, affecting the production of
synovial fluid and the nutritional supply of the cartila-
ge, making it rigid and causing its thickening, which is
in line with what was observed in the present study, sin-
ce the synovial membrane of the immobilization group
(G2) proved to be totally disorganized in terms of its tis-
sue structure, as well as the articular cartilage.”

The synovial membrane of G3 and G4 animals pre-
sented repair characteristics, with reorganization of
the synoviotic layers in the intima and subintima, re-
duction of fibrous tissue, reappearance of adipocytes
and reduction of angiogenesis. Besides these changes,
a decrease in the amount of inflammatory infiltrate in
the articular cavity of the remobilization group with vi-
bratory platform was noted, while in the free remobi-
lization group its presence was more expressive. These
results corroborate the study by Vieira et al. %, in whi-
ch the animals performed an exercise protocol with la-
dder climbing, and also showed positive results in the
acceleration of tissue regeneration, however, there was
no presence of inflammatory infiltrate found in the joint
cavity as was seen in this study. The inflammatory res-

ponse that occurs in the synovial joints has principle in
the production of interleukin-1 and tumor necrosis fac-
tor a (TNF-a), causing the inhibition of the production
of collagen type II and proteoglycans and the stimula-
tion of the synthesis of metalloproteinases, which act on
the degradation of articular cartilage.*

In this study it was possible to verify that the im-
mobilization protocol, for a time of 2 weeks, caused
flocculations on the surface of the joint cartilage and
disarrangements in the cartilaginous matrix, as already
presented in the literature.'*! Synovial fluid diffusion in
the articular cavity may be compromised by the immo-
bilization procedure, hindering fluid diffusion and re-
ducing nutrient supply to chondrocytes, leading to a
reduction of its extracellular matrix and proteoglycan
synthesis due to disuse.>**

Del Carlo et al. found that cartilage lesions can be
reversible with the use of remobilization programs.? In
this study, the groups submitted to free remobilization
and by WBV presented similar characteristics of tissue
recovery, being observed the increased presence of iso-
genic groups that according to Melo et al., represent the
hyperactivity of chondrocytes as an attempt of tissue re-
pair after a period of immobilization.” Also, according
to Ando et al. when a joint is submitted to its movement
again, there will be a reduction in stiffness and an im-
provement in the synovial fluid flow in the joint cavity,
thus promoting cartilage nutrition and consequent re-
generation, which goes against the changes found in ex-
perimental groups submitted to free remobilization and
IVC (G3 and G4).%

The use of WBV as a therapeutic method for the tre-
atment of osteoporosis has been widely studied because
of its mechanical stimulation mechanism characterized
by active oscillations in bone tissue cells, as well as in
muscle tissue, showing increased strength, balance, de-
creased risk of falls and morbidity, however there are
still few studies that report its effects on joint tissues.?”*
Van Heuvelen et al. point to the importance of presen-
ting the parameters for use of the WBY, since only in
this way is there a possibility of reproducibility of the
results.”® In this study, the WBV was used with a fre-
quency of 60 Hz and vibrations with an amplitude of 2
millimeters, for 10 minutes, resulting in a recovery in
the changes caused by the immobilization procedure si-
milar to those found with free remobilization, with a de-
crease in connective tissue and infammatory infiltration
of the articular cavity in the platform group. Conversely,
Mierzwa et al. observed the joint degradation of the dis-
tal part of the femurs, infringed by the use of IVC, with
a frequency of 60 Hz and amplitude of 0.6 mm, for 20
minutes, 5 days a week, with total duration of 3 mon-
ths.** In Wistar ovariectomized rats, it may be inferred
that the difference in the choice of vibration amplitude
and the time of application of the experimental model,
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in the case of hormonal deprivation, may have caused
the divergences in the results found with this study, and
no degenerative effect was observed in the animals tre-
ated with the platform, but a subtle improvement in the
inflammatory process. Seeing studies that point to a re-
duction in the level of pain with the use of WBV, and
being that this is a basis for neurogenic inflammation, it
can be inferred as one of the means by which there was
the tissue alteration found.*?*

Qin et al., and McCann et al., submitted rats and
mice, respectively, to experimental procedures of osteo-
arthritis, using WBV at lower frequencies of 35 Hz with
a wave amplitude of 0.3 millimeters, for 20 minutes, for
5 days a week, with total duration of 6, 12 and 18 weeks
according to the groups, while in McCann’s study the
frequency used was 45 Hz, with a wave amplitude of 0.3
millimeters, for 30 minutes a day, for 5 days a week, with
a total duration of 4 and 8 weeks and 4 weeks with an-
other 4 weeks of recovery according to the group, ob-
taining in both studies the degradation of cartilage as a
tissue response.’”*

In the present study, the tissue reorganization in the
subintima and the decrease of inflammatory infiltrate in
the articular cavity and the presence of cellular clones
of the group treated with platform vibration, showed an
initiation of more effective tissue recovery response in
the platform group when compared to the free. Thus, it
can be inferred that the application of the platform with
other treatment parameters, could accelerate the recov-
ery process, thus, new comparative research is needed
regarding the increase in treatment time and the diver-
sification of vibratory parameters to be used.

Conclusion

Use of WBYV as a therapeutic method for remobilization,
in the parameters used, showed better results in the tis-
sue recovery of the synovial membrane of the knee joint
of Wistar rats.
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ABSTRACT

Introduction and aim. This study was performed to examine the effect of foot reflexology applied to the neonates on the level
of pain and discomfort developed due to suctioning procedure.

Material and methods. The study was conducted experimentally by taking pretest and repeated measurements on reflexolo-
gy and control groups determined by simple randomization. The study was carried out with 66 neonates (reflexology applied:
33 and control group: 33). Neonatal Information Form, Neonatal Infant Pain Scale (NIPS) and Newborn Comfort Behavior Scale
(NCBS) were used as the data collection tools.

Results. The during (p<0.001) and after suctioning (p<0.001), the NIPS scores of the neonates in the intervention group was
statistically lower than the control group. The NCBS scores of the neonates in the intervention group during (p<0.001), and after
suctioning (p<0.001), were statistically significantly lower than the control group.

Conclusion. It was concluded that foot reflexology applied to neonates was effective both in reducing pain during and after

the suctioning and in increasing comfort during and after the suctioning.

Keywords. comfort, foot reflexology, neonates, procedural pain, suctioning procedure

Introduction

Many painful procedures are performed every day for
neonates admitted to hospitals and this situation is re-
peated in intensive care units.' Neonates requiring in-
tensive care undergo on average between 7.5 to 17.3
painful procedures per day during their hospital stay,
with the most common procedures being heel lancing,
venipuncture and suctioning.?

Pain management among infants at neonatal inten-
sive care units (NICUs) has received increased attention
over the last years, and it is well known that inadequate
pain management is linked to negative shortand long-
term consequences for the infant.’ Besides, exposure to

untreated procedural pain has been linked to adverse ef-
fects on neonatal outcomes, most notably brain develop-
ment, neurodevelopment, immune system, regulation of
stress systems, and, later, pain perception and sensitivi-
ty."?* Procedures performed on neonates can cause pain
as well as impairment the comfort of neonates.>”’

In addition to pharmacological methods, non-phar-
macological methods can also be used in reducing pain
and increasing comfort during invasive procedures in
neonates.*” Pharmacological methods are generally
not recommended for use in neonates due to serious
side effects such as apnea and respiratory depression.®
Non-pharmacological methods are generally preferred
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for the most common repeated painful procedures as a
results of their apparently superior efficacy and favorab-
le safety profile.? Also, evidence suggests that neonate,
could benefice of non-pharmacological interventions to
relive mild to moderate pain and discomfort from mi-
noér invasive procedures.”'® Massage, therapeutic tou-
ch, acupressure, acupuncture and reflexology, which are
among the non-pharmacological methods applied to
neonates and infants®'"'? are also defined as Comple-
mentary and Alternative Medicine (CAM) Methods or
Complementary Health Approaches (CHAs)."*!®

Reflexology enables endorphin and encephalin re-
lease by stimulating the pituitary gland through the
pressure and massage performed on reflex points on
hands, feet and ears. It resolves problems in organs
and body parts that correspond to these points, reduc-
es pain, and relieves discomfort.'*'” Foot reflexology is
among the most popular forms of reflexology. It’s an
easy, safe, and non-invasive method which can be uti-
lized without the need for special equipment.'®

There are studies examining the effects of foot re-
flexology applied to the neonates on meconium pas-
sage, neonatal jaundice, neonatal abstinence syndrome,
colic symptoms, and physiological index."'®*' How-
ever, while a limited number of studies exists examin-
ing the effect of foot reflexology on neonatal pain'’*%,
no studies examining its effect on comfort were found.
Whereas, nurses are consistent caregivers for neonates,
and their assessment of pain and pain practice is invalu-
able.” In addition, in recent years, nursing practices in
NICUs have attracted attention with the aspect of in-
creasing the comfort of neonates.’

Foot reflexology, which we used in this study, is one
of the methods nurses use to manage symptoms in ne-
onates.'>'”?> Non-pharmacological methods such as
reflexology generally advocate considering the individ-
ual as a body, soul, and mind. In the Watson model re-
garding postmodern nursing, it is recommended to use
touch consciously (practices such as therapeutic mas-
sage, and reflexology). Therefore, CHAs that contrib-
ute to nursing are important for providing holistic care.”
Also, nurses frequently exhibit a positive attitude toward
the use of CAM because its philosophy complies with a
holistic nursing care approach.”® The fact that the foot
reflexology used in this study was performed with an in-
vasive procedure such as suctioning, which has not been
studied before, is thought to make an important contri-
bution to the literature.

Aim

This study was performed to examine the effect of foot
reflexology applied to the neonates on the level of pain
and discomfort developed due to suctioning procedure.
Hypotheses of the study; foot reflexology applied to
neonatal;

- Is effective in reducing pain that develops during
suctioning procedure.

- Is effective in reducing pain that continues after
suctioning procedure.

- Iseffective in increasing the comfort of the neonatal
during suctioning procedure

- Iseffective in increasing the comfort of the neonatal
after suctioning procedure.

Material and methods

Design, setting and sample size

The study was conducted experimentally by taking pre-
test and repeated measurements on reflexology and con-
trol groups determined by simple randomization. The
universe of this study consisted of 154 neonates ad-
mitted to the NICU at a university hospital in Ankara,
Turkey between 1 July to 30 September 2017. A power
analysis was performed using the G*Power 3.1 program
to determine the size of research sample with two study
groups. The results of research were used conducted on
infants and neonates that determine the effect of foot re-
flexology before vaccination on acute pain; the effect of
foot reflexology on meconium passage; the effect of foot
massage on pain responses to heel stick.'”'*?* The sample
size was determined to include a total 52 neonates, 26 in
each group, at a power of 80%, a significance level of 5%,
and an effect size of 0.80 (t=2.009; Effect size d=0.80).
Due to possible data loss, the sample consisted of 66 ne-
onates (intervention group: 33 and control group: 33)
who met the study inclusion criteria.

Data collection tools

Neonatal information form (NIF)

In this form prepared by the researchers; there are a to-
tal of 10 questions, 8 of which are open-ended, ques-
tioning descriptive features such as sex, gestational age,
postnatal age, anthropometric measurements, medical
diagnosis and medicines used.

Neonatal infant pain scale (NIPS)

Developed by Lawrence et al., and adapted to Turkish by
Akdovan.?? This scale is used to evaluate the pain asso-
ciated with the procedures applied in term and prema-
ture neonates. It includes 6 behavioral parts that include
facial expression, cry, breathing patterns, state of arous-
al, arm and leg movements. The total score ranges from
0-7. The high score indicates that the severity of pain in-
creased. Lawrence et al., determined the cronbach alpha
value of the scale is between .92-.97. and Akdovan as
.83-.86.2% In this study, it was found to be .91.

Newborn comfort behavior scale (NCBS)

“Comfort Scale”, Ambuel et al. evaluates the distress of
pediatric patients who were followed up in the NICU
with mechanical ventilator support.” Van Dijk et al.
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revised this scale as “COMFORTneo scale” for neo-
nates and Kahraman et al. adapted to Turkish.®** This
scale is composed of 7 behavioral dimensions. These
are alertness, calmness/agitation, facial tension, mus-
cle tone, body movement, respiratory response (only
in mechanically ventilated neonates) and crying (only
in spontaneously breathing neonates). In this study, the
dimension of “crying” was evaluated because neonates
had spontaneous breathing and 6 dimensions in total
were rated. As responses are on a 1 to 5 Likert scale,
total scores range from 6 to 30. Scoring 13 points and
below on the scale indicates that the neonate is com-
fortable, and scoring between 14-30 indicate that the
neonate has pain or distress. Kahraman et al., found
the scale’s cronbach alpha value as .85 before medical
care.” In this study, it was found as .85. In addition, a
positive and high level relationship was found between
NIPS and NCBS medians during and after suctioning
(Table 1).

Table 1. Correlation between NIPS and NCBS*

NCBS
Control group Intervention group

During r, r,
suctioning  0.728% p<0.001 0.775* p<0.001

NIPS After r, r.
suctioning  0.728* p<0.001 0.834* p<0.001

*Both scales showed a correlation above .70

Intervention phases

Pre-intervention

NIE NIPS and NCBS were applied to 154 neonates hos-
pitalized in NICU. Neonates, who got 0 points from
NIPS (that shows they had no pain) and under 13 points
from NCBS (that shows they were comfortable), includ-
ed in the study. Other inclusion criteria were as follows:
being born between the 37 and 42 weeks, not receiving
analgesic and sedative medicine treatment, not being di-
agnosed with neurological or congenital heart disease in
the prenatal and postnatal period, being on noninvasive
respiratory support (Noninvasive Continuous Positive
Airway Pressure “NCPAP”), and no skin problem that
would prevent the application of reflexology. Eighty-
eight neonates, who did not meet these inclusion cri-
teria, were found to have pain according to NIPS and
were found to be uncomfortable by NCBS, were exclud-
ed from the study. 66 neonates who met the inclusion
criteria constituted the sample of the study. Randomiza-
tion was performed to determine the intervention and
control groups in the study. The method of randomiza-
tion was based on patient admission order. A protocol
number (ie, 1 through 66) was assigned and recorded to
each neonate in order of admission to the NICU. Odd
numbers were assigned to the intervention group and
even numbers to the control group.

Intervention

Foot reflexology was applied to the neonates in the in-
tervention group. No intervention was made to the con-
trol group. One of the researchers (N.E.O.) applied foot
reflexology to neonates. N.E.O. is working as a nurse at
NICU where the study is conducted, and also received
a reflexology practitioner training certificate after three
months of training. N.E.O. applied foot reflexology in
the NICU. None of the parents of the neonates were
present at the time of reflexology. Neonates lying naked
in their incubators with only their diapers were placed
in open beds in the NICU so that reflexology could be
applied comfortably. While the neonates were lying in
the infant incubator or reflexology was applied to the
neonates in open beds, the neonates were connected to
the bed warmer by means of a prop. Thus, instantaneous
body temperature of neonates was seen and body tem-
perature was followed. There was no risk of hypother-
mia in any of the neonates. Neonates were in the supine
position during reflexology. Foot reflexology was per-
formed to both feet with clean and non-cold bare hands
for neonates. Reflexology time (minutes): The recom-
mended reflexology session for infants is (10-15 min for
each foot) 20-30 min total for both feet.!>!7182230n this
study, it was applied to both feet for a total of 30 min, 15
min to one foot of each neonates (Fig. 1).

Post-intervention

Reflexology applied neonates were taken from their
open beds where reflexology was applied and placed in
their incubators. The neonates in the control group, on
the other hand, were never placed in an open bed be-
cause reflexology was not applied to them, they were in
their incubators.

Before suctioning: Preparations and arrangements
were made in both groups for situations that may affect
the pain and comfort levels of neonates. These are; di-
aper replacement of the neonatal, feeding at least one
hour before, keeping away from stimulating sounds
such as ventilator, monitor and giving supine position
to the neonatal. NIPS and NCBS were applied to neo-
nates in both groups just before the suctioning. It was
determined that all neonates in the intervention and
control group did not have pain by getting “0” points
from NIPS and were comfortable by getting under “13”
points from NCBS. The vital signs of neonates were
measured before the suctioning procedure. There was
no statistically significant difference between the in-
tervention and control groups in terms of median fever
value (p=0.375); mean pulse value (p=0.483); median
oxygen saturation value (p=0.151); and median blood
pressure value (p=0.832). In addition, there was no ob-
stacle to suctioning procedure in terms of vital signs.
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Fig. 1. The moment of application of the foot reflexology
and the foot reflexology pressure points

During suctioning: Suctioning procedure for all ne-
onates was done by N.E.O. The mean time of suction-
ing was 16.29+2.665 (min-max 8-22) seconds. The same
brand 8 Fr disposable suctioning probe was used for
each neonatal. The suctioning was performed with a
pressure in the range of 80-100 mmHg, first being the
oropharyngeal and then the nasopharyngeal. While per-
forming the suctioning, NIPS and NCBS were applied
to the neonates. The vital signs of neonates were mea-
sured during the suctioning procedure. There was no
statistically significant difference between the interven-
tion and control groups in terms of median fever value
(p=0.989); mean pulse value (p=0.431); median oxygen
saturation value (p=0.110); and median blood pressure
value (p=0.390). In addition, there was no situation re-
quiring early termination of the suctioning.

After suctioning: NIPS and NCBS were not adminis-
tered to the neonates immediately after suctioning. Be-
cause neonates cry after suctioning, the crying time of
neonates was measured. The mean time of crying was
12.50£12.953 (min-max 0-55) seconds. During crying,
neonates in both groups were not held during crying.

Each neonates was in his own incubator. After measur-
ing the crying times of the neonates, their vital signs
were measured. There was no statistically significant dif-
ference between the intervention and control groups in
terms of median fever value (p=0.439); median oxygen
saturation value (p=0.462); and median blood pressure
value (p=0.059). However, while the mean pulse val-
ue of the intervention group was 138.67+14.59, it was
162.03+15.615 in the control group, and there was a sta-
tistically significant difference between the two groups
(p<0.001). A 10-minute period was defined for com-
pletion of neonates crying times and vital signs mea-
surements and, the nurse other than the researcher, to
be ready to administer the scales. NIPS and NCBS were
applied to all neonates in the intervention and control
groups 10 minutes after the suctioning (Fig. 2).

The universe of study:
154 neonates were hospitalized in the NICU

‘ NIF, NIPS and NCBS were administered (n=154) ‘

I

The sample of study: Excluded
Inclded neonates who met the inclusion criteria (n=66) (n=88)

Intervention group (n=33) Control group (n=33)

Foot reflexclogy was applied No intervention

1 i

I

1

Before suctioning (n=33)

Vital signs were measured
NIPS and NCBS were administered

Before suctioning (n=33)

Vital signs were measured

NIPS and NCBS were administered

I

1

During suctioning (v=33)

Vital signs were measured
NIFS and NCBS were administered

During suetinning (n=33)

Vital signs were measured
NIPS and NCBS were adminisiered

After suctioning (n=33)
Crying time was measured
Vital signs were measured
(190 minutes after suctioning)
NIPS and NCBS were administered

After suctioning (n=33)
Crying time was measured
Vital signs wene meusured
(10 mimtes afler sucticming)
NIPS and NCBS were administered

Fig. 2. Intervention phases diagram of the study

Data analysis

The IBM SPSS Statistics 23 (IBM Corp, Armonk, New
York, USA) was used to evaluate the data. Kolmogor-
ov-Smirnov test was used to determine whether the
variables showed normal distribution. The difference
between categorical variables with two groups; evalu-
ated with independent t test (for normally distributed
variables) and Mann Whitney U test (for non-normal-
ly distributed variables). Wilcoxon test was used to de-
termine the difference in measurements made at two
different times. Repeated measures analysis of variance
(for normally distributed variables) was used to examine
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the difference in measurements made at different three
times, and the Friedman test (for non-normally distrib-
uted variables) to determine the difference in measure-
ments made at different three times.

The Chi-square test was used to analyze the relationship
between two categorical variables. In addition, the Se-
pearman Correlation coefficient was used to analyze the
relationship between two numerical variables.

Results

The study was conducted with a total of 66 neonates.
When neonates in the intervention and control groups
are compared according to their descriptive characteris-
tics; there was no significant difference between groups
in terms of sex (p=0.805), mode of delivery (p=0.592),
and medical diagnosis (p=1) (Table 2). Also, when age
and physical characteristics of neonates are compared
according to the groups; there was no statistically signif-
icant difference between groups in terms of gestation-
al age (p=0.44), postnatal age (p=0.646), birth weight
(p=0.837), length (p=0.157) and head circumference
(p=0.577) (Table 3).

As a result of the applied Mann Whitney U test;
during (p<0.001) and after suctioning (p<0.001), the
median pain (NIPS) scores of the neonates in the inter-
vention group were statistically lower than the control
group. As a result of the Friedman test applied, there was
a statistically significant difference between the times
in terms of median level of pain in the intervention
(p<0.001) and control groups (p<0.001). When time
differences (significance between measurements) were

Table 2. The descriptive characteristics of neonates*

examined; In the intervention group, the decrease oc-
curred after suctioning according to the during suction-
ing was found to be statistically significant (p<0.001).
However, in the control group, the decrease occured af-
ter suctioning according to the during suctioning was
not statistically significant (p=0.419) (Table 4).

As a result of the applied Mann Whitney U test,
there was no statistically significant difference between
the intervention and control groups in terms of median
NCBS scores before suctioning (p=0.429), while there
was a statistically significant difference during (p<0.001)
and after (p<0.001) suctioning. Accordingly, the NCBS
score medians of the neonates in the intervention group
during and after suctioning were statistically significant-
ly lower than the control group. As a result of the Fried-
man test applied, there was a statistically significant
difference the times in terms of median level of NCBS
intervention (p<0.001) and control groups (p<0.001).
When time differences (significance between measure-
ments) were examined; In the intervention group, the
increase in NCBS score medians during (p<0.001) and
after suctioning (p=0.004) was found to be statistical-
ly significant according to before suctioning, while the
decrease that occurred after suctioning was statistical-
ly significant according to during suctioning (p<0.001).
In the control group, the increase in NCBS score medi-
ans during (p<0.001) and after suctioning (p<0.001) was
found to be statistically significant according to before
suctioning, while the decrease that occurred after suc-
tioning was statistically significant according to during
suctioning (p=0.003) (Table 5).

Characteristics Intervention group (n=33) Control group (n=33) Total (n=66) x? P
n % n % n %
Sex
Female 15 45.5 16 48.5 31 47
0.061 0.805
Male 18 54.5 17 51.5 35 53
Mode of delivery
Caesarean 22 66.7 24 72.7 46 69.7
0.287 0.592
Normal 11 333 9 27.3 20 303
Medical diagnosis
Respiratory system diseases 28 84.8 28 84.8 56 84.8 <0.001 1
Other* 5 15.2 5 15.2 10 15.2 ’

*Intrauterine growth retardation (4), Meconium aspiration syndrome (6)

Table 3. Comparison of age and physical characteristics of neonates by groups*

Intervention group

Control group

Characteristics median (min-max) Median (min-max) MW P

Gestational age 38.30 (37-40.2) 38.30(37.0-40.2) 0.773 0.44
Postnatal age 1.00 (1-30) 1(1-30) 0.459 0.646
Birth weight (g) 3.26(1.54-4.3) 3.26 (1.54-4.3) -0.205 0.837
Birt length (cm) 48 (36-53) 50 (36-54) 1.141 0.157
Birt head circumference (cm) 35 (30-38) 35(30-38) 0.557 0.577

*Mann Whitney-U test
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Table 4. Examination of the NIPS score differences according to the group and time*

Before suctioning (1)

During suctioning (2)

After suctioning (3)

Groups median median median F#** p Difference
(min-max) (min-max) (min-max)
Intervention group 0 (0-0) 4(1-7) 2 (0-4) 61.443 <0.001 2>3
Control group 0 (0-0) 7 (3-7) 6 (0-7) 58.308 <0.001
Mw#* <0.001 4.845 6.725
P 1 <0.001 <0.001
*Mann Whitney-U test, **Friedman test
Table 5. Examination of the NCBS score differences according to the group and time*
Before suctioning (1)  During suctioning (2)  After suctioning (3)
Groups median median median F** P Difference
(min-max) (min-max) (min-max)
Intervention 6 (6-10) 16 (10-28) 13(6-19) 60452 <0.001 1<2>3
group
Control group 6 (6-9) 23 (16-30) 19 (15-25) 61.477 <0.001 1<2>3
Mw#* -0.79 5.371 6.483
P 0.429 <0.001 <0.001

* Mann Whitney-U test, **Friedman test

Discussion

Some factors are effective in sensing pain and creating a
response to pain in neonates. These factors include sex,
gestational age, birth weight, age, mode of delivery, ne-
onatal illness severity, procedural pain exposure.’’* In
this study, features such as sex, mode of delivery, medi-
cal diagnosis, gestational and postnatal age, birth wei-
ght, length and head circumference were homogeneous
in the intervention and control groups. Therefore, while
evaluating the effectiveness of applied foot reflexology
on pain and comfort level, the possibility of being affec-
ted by these features was eliminated.

The hypotheses which are created in the planning
stage of our study that “the foot reflexology applied to
the neonatal is effective in reducing the pain that devel-
ops during the suctioning procedure and continues after
the suctioning procedure” have been confirmed. When
we look at the difference of pain scores over time; the
median NIPS score decreased significantly over time
only in the intervention group.

In this study, while evaluating the effectiveness of
foot reflexology applied to neonates in reducing pain
during and after the procedure; in the literature, the
effects of reflexology on pain after the procedure have
been examined. In these studies, they have been repor-
ted that foot reflexology applied to neonates and infants
before procedure is effective in reducing acute pain af-
ter procedure.'”?' In another study; while there was no
statistically significant difference between the reflexo-
logy and control groups in terms of NIPS scores during
the heel lance procedure, it has been reported that the-
re was a statistically significant difference between the
two groups in favor of the reflexology group in the NIPS

scores after the heel lance procedure.? In our study; it
was found that there was a statistically significant dif-
ference in favor of the intervention group (reflexology)
between the two groups in terms of NIPS scores both
during and after the suctioning procedure, and it was
not consistent with this study. Reflexology based on tou-
ching skills is a form of massage that regulates body fun-
ctions.** Foot massage and reflexology are some of the
pain management procedures for neonates.* In studies
evaluating the effectiveness of foot massage on pain, in
accordance with our study, foot massage applied to ne-
onates was found to be effective in reducing the pain of
neonates.***

Painful and stressful interventions in the neonatal
accompany the deterioration of the comfort of the neo-
natal.*” In addition, physical structure, medical care and
invasive procedures in NICU can cause loss of comfort in
the neonatal.? In our study, the state of affecting comfort
due to only the suctioning procedure performed on ne-
onates was examined. The hypotheses which are created
in the planning stage of our study that “the foot reflexo-
logy applied to the neonatal is effective in increasing the
comfort of the neonatal during and after the suctioning
procedure” have been confirmed. When we look at the
difference of comfort scores over time, the comfort sco-
re medians decreased significantly after suctioning com-
pared to during suctioning in both the intervention and
control groups. The comfort level of neonates in the in-
tervention group after suctioning is 13 points, and it can
be said that these neonates are comfortable. However, the
comfort level of neonates in the control group after suc-
tioning is 19 points (14-30 points on the scale indicates
that the neonate has pain and distress), and it can be said
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that the distress of these neonates still continues even if
the suctioning procedure is completed. Although there is
no study in the literature examining the effect of reflexo-
logy directly on comfort; in one study, reflexology was re-
ported to have positive effects in infantile colic, which is
thought to negatively affect the comfort of infants.** In ad-
dition, the application of non-pharmacological methods
other than reflexology has been reported to be effective
in reducing the pain of the neonatal as well as increasing
comfort, as seen in our study.>*”**

Strengths and limitations

In order to fill the scales used objectively, the scales were
administered by another nurse working at NICU, oth-
er than the researchers. While the nurse was administer-
ing the scales, it was ensured that the nurse did not know
the neonates who underwent reflexology. The fact that the
person evaluating the scales (the pain and comfort scores)
is not one of the researchers, being a competent nurse
working in this NICU and does not know which group
the neonates are in (intervention or control?) is one of the
strengths of the research. However, one of the weaknesses
of the study is that the person evaluating the scales was the
only person and the video recording could not be taken.

Conclusion

It was concluded that foot reflexology applied to ne-
onates was effective in reducing pain that developed
during the suctioning procedure and continued after-
wards. It was concluded that the applied reflexology was
effective both during and after the suctioning procedure
in increasing the comforts that are directly related to the
pain felt by neonates.

It was concluded that foot reflexology can be used
in the management of procedural pain caused by suc-
tioning in neonates. Based on this, nurses can use foot
reflexology before the suctioning procedure for the pain
sensation and comfort deterioration that may develop
due to the suctioning in the neonates. In-service train-
ings on CHAs such as reflexology and massage, which
can be used in the management of procedural pain in
neonates, can be organized for nurses.
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ABSTRACT

Introduction and aim. The present study aims to determine the effects of mother’s voice and white noise on newborns’ APGAR
scores and attachment processes.

Material and methods. The current study was a randomized controlled trial and concluded with 87 newborns and their moth-
ers who had given elective cesarean section (mother voice=29; white noise=28; and control group=30). The mother voice and
white noise groups were exposed to recordings, and the broadcast continued for five minutes. The APGAR scores and attach-
ment indicators of newborns (eye contact, rooting, and latch-on) of all groups were examined by the Newborn Attachment
Indicators Observation Form.

Results. The 1*tand 5™ minute APGAR scores in control group were lower than mother voice (1% p=0.05; 5t p=0.001) and white
noise (1* p=0.015; 5% p=0.002) groups. The rooting ratio was higher in mother voice and white noise than in the control group
(p=0.004). The newborns in the control group had lower latching on rates than mother voice and white noise (p=0.002) groups.
Both mother voice and white noise positively affected APGAR scores, rooting, and latching. However, only mother voice had a
positive effect on all attachment indicators.

Conclusion. Mother voice and white noise listened to by the newborns born with a cesarean section right after birth in their
early-period care positively affect APGAR scores; furthermore, mother voice positively affects attachment indicators as first suc-
cessful sucking time and eye-to-eye contact.

Keywords. APGAR score, attachment, breastfeeding, newborn, white noise

Introduction

When newborns breathe for the first time, various physi-
ological changes commence adapting to the world outside
the uterus.! The first few minutes after birth are signifi-
cant in the adaptation processes of mothers and newborns
and their relationship with each other.? Initiation of mu-
tual gaze, skin-to-skin contact, and breastfeeding in the
first minutes after birth is crucial for the cardiopulmonary
stabilization of the infant and initiation of mother-infant

bonding.’ Early initiation of the mother-infant relation-
ship facilitates the newborn’s adaptation to extrauterine
life and accelerates the attachment process.! The first 60-
90 minutes after birth is suitable for initiating mother-in-
fant interaction.* However, the increase in births given
with cesarean section (CS) negatively affects mother-in-
fant attachment.® The negative effect is particularly no-
ticeable in cesarean deliveries performed under general
anesthesia.®
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Attachment is defined as attaching in two-way be-
tween the baby and the parent; on the contrary, bond-
ing is a one-way emotional bonding of the parents to the
babys; it is expected in the first days after birth.” In a pos-
itive mother-infant interaction, a mother makes eye-to-
eye contact with the baby, touches, talks, and smiles. She
further wants to breastfeed the baby and holds the baby
in her arms except for caring. The baby also responds
to the mother by rooting, latch-on, sucking, swallowing,
and eye contact.!

The first acoustic stimuli for the fetus to be exposed
before birth are the mother’s voice and the sounds of
the mother’s heartbeat.® In the postpartum period, the
mother’s voice (MV) is an exclusive line of commu-
nication between the mother and the infant, and it is
the primary auditory stimulus for newborns.” More-
over, in preterm newborns, MV has a positive effect
on decreasing apnea and bradycardia attack frequen-
cies, improving sleep quality, stabilizing vital signs,
and promoting early discharge from neonatal inten-
sive care units."

White noise (WN) consists of a mixture of various
frequencies coming from the environment and is a con-
stant, monotonous noise that covers all disruptive nois-
es coming from the external environment." It is created
in a sound laboratory environment by digitally mixing
equal amounts of sounds of different frequencies and re-
ducing the unpleasant frequencies in these sounds.'* Be-
cause of its monotonous humming characteristics, WN
resembles the noises during fetal stages.® The fetus is af-
fected by the mother’s heartbeat while in intrauterine
life. Hearing these familiar sounds and rhythms once
more in the postpartum period has a calming effect on
the newborn."

In the literature, postpartum MV is generally used
for cardiopulmonary stabilization of preterm new-
borns.*** WN is mainly used during painful proce-
dures applied to term newborns.'>'¢ However, no prior
study is found about the effects MV or WN has on new-
borns’ APGAR scores and attachment indicators.

Aim

The current study aims to establish the effects of MV
and WN on the APGAR scores and attachment process-
es of newborns born with elective CS.

The hypotheses of the study were:

H,. Mother’s voice introduced right after birth positively
affects APGAR scores.

H,. White noise introduced right after birth has a positive
effect on APGAR scores.

H_,. Mother’s voice introduced right after birth positively
affects attachment processes.

H,. White noise introduced right after birth has a positive
effect on attachment processes.

Material and methods
The setting, sample size, and randomization
This randomized controlled trial population consist-
ed of women who had given elective CS and their new-
borns residing at a research and training hospital in
Turkey between January and June 2017. In the study,
primary assessments of newborns were made in the op-
erating room, where the CS procedure takes place in an
adjacent room located inside the operating room. In the
hospital where this study took place, the room used for
newborn care was located inside the operating room,
and it was a 12 square-meter room dedicated to this
purpose only. Having a dedicated newborn care room
was significant in choosing this hospital for the study.
Literature was taken as a reference to determine the
sample size.'”” Additionally, posthoc analysis was used
to confirm whether or not a sufficient sample size was
reached at the end of the study with G*Power 3.1.9.2
(Heinrich Heine University Disseldorf, Germany). As
a result of the analysis, the effect size was 0.4359, and
the power calculated by posthoc analysis as a result of
the study conducted with 87 people was 0.95. For post-
hoc analysis, the minimum power value to be obtained
is 0.67. In this case, the power of the study was on an ac-
ceptable level.

Assessed for eligibility @=00)

Enrollment ]

Randomized (1=90)

[ |

| Allocated to MV intervention (n=30)

Follow-up

Discontinued MV interve =1) wN

Allocated to WN intervention (n=30)

| Allocated to control group (n=30) ‘

control group (4=0)

« Newborn above 4000 grams o Newboms under 2500 grams

‘ Analysed MV group (n=29) ‘ ‘ Analysed WN group (n=28) ‘ ‘ Analysed control group (n=30) |

Fig. 1. CONSORT flow diagram of study

Since CS planned the deliveries, the hospitalization
of the pregnant women took place the day before the
surgery. The mothers were separated into groups using
simple randomization (90 sealed envelopes (MV: 30,
WN: 30, CG: 30) when they were hospitalized. After the
randomization, the Mother Information Form (MIF)
was applied to the 90 mothers by the implementer re-
searcher (IR). The inclusion criteria for mothers were
determined as having a healthy, single pregnancy, not


https://creativecommons.org/licenses/by/4.0/

178

European Journal of Clinical and Experimental Medicine 2022; 20 (2): 176184

taking any medication during pregnancy, not having a
background of auditory or speech impediments, having
a CS under general anesthesia, and voluntarily taking
part in the current study. The inclusion criteria for new-
borns were obtained as being born at term, being sin-
gle live birth, having a birth weight between 2500 and
4000 grams, and not having any congenital anomalies.
Exclusion criteria were intraoperative complications
for mothers and the need for postnatal resuscitation
for newborns. The current study was concluded with
87 newborns (MV: 29, WN: 28, CG: 30) in accounts of
a newborn in the MV having a birth weight over 4000
grams and two newborns in the WN having a birth
weight under 2500 grams (Fig. 1).

Tools

Mother information form (MIF)

The researchers prepared the form, and included ques-
tions on the mother’s sociodemographic characteristics,
number of pregnancies, and prenatal care status. The
form included questions on stroking the belly, talking
to the fetus, and whether or not the pregnancy was
planned, which have evidence of affecting attachment
in the literature.'®" It also questioned whether or not
there was any hearing/speech problem in the mother
and whether she had experienced any health problem
during her pregnancy.® The IR used MIF in the pre-in-
tervention phase of the study.

Newborn information form (NIF)

The researchers prepared the form, and it contained
questions on the date-hour of birth and gestational week
of the newborn, sex, postpartum anthropometric mea-
surements and, 1* and 5" minute APGAR scores.?' The
IR used NIF in the intervention phase of the study.

Newborn attachment indicators observation form
(NAIOF)

The form was prepared by the researchers and used by
the OR in the post-intervention phase of the study. Var-
ious attachment scales in the literature may be applied
before or after delivery.”> However, these scales inves-
tigate the bonding of the mother to the newborn. This
form is on the indicators of newborns in the postpartum
period as crying, making eye contact, rooting, latch-on
breast, starting active sucking, and on which minute af-
ter delivery this indicator is displayed.?* The NAIOF
recorded the newborns’ crying state and at what stag-
es of their interaction with their mother they stopped
crying.

Intervention phases

Pre-intervention

The IR conducted face-to-face interviews with the
mothers one night before the procedure. MIF was filled

for 90 participants who had voluntarily accepted to par-
take in the current study.

Mother voice group: First, it was explained to each
mother in the MV group that the noise they would be
broadcasting to their infants would not harm them,
and the noise levels would be kept in check with a
decibel meter (BENETECH GM1351, Shenzhen, Chi-
na). Instructions on using the voice recorder (SONY
ICD-PX440, Tokyo, Japan) were given by the IR to the
mothers in the MV group. A handheld voice recorder,
which works with an external battery and can record
for up to 72 hours without interruptions, recorded the
mothers’ voices. A 5-minute improvisational mono-
logue was demanded from the mothers, consisting of
the first words they wanted their infants to hear. For
the mothers to express their emotions freely, they were
left alone in the room. The voice recordings were trans-
ferred to the computer (LENOVO G510, Peking, Chi-
na). Every mother should have her baby listen to the
recording. The mothers listened to the audio record-
ings before the surgery and confirmed to avoid acci-
dents with these recordings. Copies were made onto
a compact disc for the mothers who preferred to keep
these recordings as a memento.

White noise group: A 5-minute recording prepared
by a producer in a digital sound laboratory was used
as the WN demo. For the production of the WN, reFX
Nexus VSTi v2.4, a sound synthesizer in the FL Stu-
dio Producer Edition V12.0.1 Digital Audio Worksta-
tion software (Gent, Belgium), was used. By utilizing the
White Noise Cut-off filter included in the software, the
sharpness of the noise was reduced to -75; thus, it was
attempted to acquire a sound similar to womb sounds.
Studies on the effects of white noise in the scientific lit-
erature were examined to establish that these recordings
had melodic tones in them.'»'*? The sound recording
used in this study was produced exclusively to eliminate
melodic tones, acquiring a sound much similar to the
womb sounds and not have any problems over royal-
ties. A demo recording of white noise was played (with
PHILIPS SPA2201, Amsterdam, Netherlands) to the
mothers in the WN group. It was notified that the sound
is very similar to the baby’s sounds in the womb, and
WN they would be broadcasting to their infants would
not harm them, and the noise levels would be kept in
check with a decibel meter (BENETECH GM1351,
Shenzhen, China). LENOVO G510 laptop was used to
store the records and broadcast the WN. All newborns
in the WN group listened to the same demo. Copies
were made onto a compact disc for the mothers who
preferred to keep this demo as a memento.

Control group: No specific preliminary preparations
were made for the mothers in CG.

All mothers were instructed not to tell the OR which
sounds their newborns listened to after they were taken
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to the room. The OR was blind to the sound listened to
by the newborns while filling out the NAIOFE.

When the mothers were taken into the operating
room, the preparation of the neonatal care room was
achieved by the neonatal nurse accompanied by the IR.
Before each birth, equipment and the room cleanliness
were checked for malfunctions, test measurements were
taken with the decibel meter, and the radiant heater that
was used was set constant at 26°C.

Intervention

The newborns were taken to the care room by the neo-
natal nurse immediately after their birth. The CS in this
study took place under general anesthesia; the new-
born was brought to the care room immediately after
birth without skin-to-skin contact with its mother. As
the neonatal care room was next to the operating room
where the deliveries took place, it took 3-5 seconds
on average to bring the newborns to the neonatal care
room. The doors were kept closed to block any noise that
could infiltrate the room. Only the neonatal nurse and
the IR were present during the procedures in the room.
The decibel meter was placed 5 cm above their top lines
to assess the noise levels reaching the newborns’ ears.
Battery operated, handheld decibel meter was used to
measure noises between 30-130 dB with a precision of +
1.5 dB and can take up to 2 measurements every second
(BENETECH GM1351, Shenzhen, China).

The newborns in the intervention groups (MV, WN)
were exposed to the recordings as soon as they arrived
at the room, and the voice broadcast continued for five
minutes. For the broadcastings of the sounds, PHILIPS
SPA2201 stereo speakers, with analog control for the
noise levels and a power indicator, were used. Follow-
ing the suggestions made by the AAP on the maximum
noise levels suitable for newborns, the noise level was
limited at 45 dB.?* The newborns in CG did not receive
any auditory interventions and were only exposed to
background noise.

During the listening of the sounds to all groups,
the newborns” ankle IDs were worn by the newborn
nurse; umbilical care was performed, anthropometric
measurements were taken, Hepatitis B vaccines and
vitamin K were administered (A calibrated SECA354
digital baby scale with an accuracy of + 5-10 grams was
used for weighing newborns. An inflexible tape mea-
sure with 0.1 cm intervals was used to measure the
head circumference and height of the newborns). At
this stage, the same researcher always made the 1st and
the 5th minute APGAR score measurements (IR). In
contrast, the routine newborn care procedures were al-
ways carried out by the same neonatal nurse working
at the institution who was not among the researchers
of this study. The researcher only kept time and scored
the APGAR. The neonatal nurse constantly measures

the APGAR score to record it on the hospital’s forms.
The neonatal nurse and IR wrote down each newborn’s
APGAR score on separate papers and then showed
them simultaneously to avoid bias in APGAR score
measurement. All responses showed consistency. Cal-
ibrated NELLCOR N560 console type pulse oximeter
was utilized to establish the heart rates of the neonates
to determine their APGAR scores. The total APGAR
scores and information about the newborns were re-
corded on the NIF.

Post-intervention

As the hospital where the study was carried out is a ba-
by-friendly hospital, although deliveries occur by CS, it
is ensured that the newborns and mothers meet within
the first 30 minutes. When the mothers are taken from
the operating room to the recovery room, they are mon-
itored for 15 minutes and then taken to their rooms. It
takes 10 minutes on average to take the mother to her
bed in her room and apply her post-op care. All moth-
ers had skin-to-skin contact with their babies within 30
minutes. At this moment, in the neonatal care room, the
first examination of the newborn is made by a pediatric
doctor. As soon as the mothers left the recovery room
and were brought into the private rooms, the OR start-
ed applying the NAIOF. The mothers’ postpartum read-
iness to receive their newborns was assessed by obstetric
nurses, such as not having pains and stable conditions.
According to the Delivery Room Management Guide of
the Turkish Neonatal Society, only newborns with the
1* and 5" minute APGAR scores of 7-10 are those that
do not require further monitoring and can be given to
their mothers.” Obstetric nurses informed the neonatal
nurse that the mother was ready to receive the newborn,
and the newborns were then carted into their mothers’
rooms by the neonatal nurse in a wheeled baby cart.
The newborns were given to their mothers in a cradling
position. The mothers were encouraged about the ini-
tialization of breastfeeding to start the attachment. Neo-
natal nurses carried out these procedures, whereas the
OR continued to observe. The time elapsed for breast-
feeding to be initiated by the newborns was calculated
following the scientific literature. Effective breastfeed-
ing was described as one where a mother can hear her
infant swallow and feel her infant’s temporalis muscle
movements.”® While the temporalis muscle movements
of the newborns were being observed, the mothers were
instructed to alert the OR when they heard their infants
swallow. Thus, the exact time that elapsed for breast-
feeding to begin was recorded in a controlled manner.
The mothers were also instructed to alert the OR when
they made eye contact with their infants. As newborns’
initial period of reactivity lasts for about 60 minutes on
average, the OR completed the observations and left the
room on the 90" minute.”
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Data analysis

The IBM SPSS Statistics 22 (IBM Corp, Armonk, New
York, USA) was used to evaluate the data. The level of
statistical significance was set at p<0.05. The descriptive
results are presented with the person count, percentage,
standard deviation, and mean values. Comparisons of
the discrete variables were carried out with Chi-squared
Test, and the normality assessments of the distribution
for the continuous variables were conducted using Sha-
piro-Wilk Test. In the comparison between more than
two groups, when the distribution of the variables was
normal, One-Way ANOVA, when the distribution was
abnormal, Kruskal-Wallis H test was utilized. In order to
assess the normality of the dependent variable distribu-
tions (APGAR score), Kolmogorov-Smirnov and Shap-
iro Wilk tests were utilized. The variable was established
to show a normal distribution. A newborn in the MV
group and two newborns in the WN group were exclud-
ed from data analysis because of incomplete and miss-
ing data.

Results

A total of 87 newborns and mothers who met the crite-
ria participated in the current study (MV: 29, WN: 28,
CG: 30). There was no significant difference among the
three groups when the mothers and their newborns in
the study were analyzed based on their descriptive char-
acteristics (Table 1).

When the 1% minute APGAR scores of the new-
borns were compared to each other, the difference be-
tween the mean scores was statistically significant
(p=0.009). The scores in CG were lower than those in
the MV (Z=-2.836; p=0.05) and WN groups (Z=-2.432;
p=0.015). In comparing the 5" minute APGAR scores of
the newborns, the difference between the mean scores

Table 1. Descriptive characteristics of newborns and mothers

of the groups was statistically significant (p=0.001). The
scores in CG were lower than those in the MV (Z=-
3.363; p=0.001) and WN groups (Z=-3.080; p=0.002).
The 1* and 5" minute APGAR scores of the MV group
were higher than those in the WN group. However, the
difference was not statistically significant in both cases
(p>0.05) (Table 2). These findings support the current
study’s first and second hypotheses (H -H,).

There was no significant difference among the
groups concerning the crying status of the newborns
when they were first brought into the room (p=0.442)
and the crying statuses of the same newborns after they
were cradled by their mothers (p=0.109). Every newborn
in each group was cradled and breastfed by their moth-
er, establishing eye contact. The rooting ratio was higher
in the MV and the WN groups than the newborns in CG
(p=0.004). The newborns in CG had lower latching on
rates than the MV and WN groups (p=0.002) (Table 3).

In the duration of attachment indicators of the new-
borns’ comparison, in the mean times of starting to suck
and having eye contact, CG had the highest mean scores,
while MV had the lowest ones. These mean scores of CG
were also higher than those in WN; however, the differ-
ences were not significant in any of the three parameters
(p>0.05). A statistically significant difference was deter-
mined in the elapsed mean time between the groups for
the first sucking to occur in the newborns (p=0.002). CG
in comparison to the MV group (Bonferroni Mean Dif-
ference (BMD)=-6.174; p=0.001) and the WN group in
comparison to the MV group (BMD=-4.350; p=0.041)
had higher scores. A statistically significant difference
was determined between the groups when examining
the elapsed meantime for eye contact between the moth-
ers and their newborns (p=0.002). CG in comparison
to the MV group (BMD=-3.440; p=0.001) and the WN

CG (n=30) MV (n=29) WN (n=28) Total (N=87)
Variables Mean + SD Mean + SD Mean + SD Mean + SD Test value p

n % n n % n %
Gestational age 38.77 £ 0.68 38.69+£0.71 38.86 +0.76 38.77 £ 0.71 0.859 0.651°
Height (cm) 50.3+1.15 4993 £1.12 49.25 +1.56 49.84 +1.38 1.804 0.17°
Weight (g) 3296.33 £ 346.34 3288.62 + 301.51 3252.68 + 366.38 3279.71 + 346.35 0.479 0.787°
Head circumference (cm) 35.07 +.58 35.59+1.05 35.36+0.99 35.33+0.91 3.943 0.139°
Mothers'age 29.78 + 5.64 29.69 +4.38 30.5+3.83 29.98 + 4.66 0.252 0.778¢
Pregnancy status
Planned 25 83.3 27 93.1 21 75 73 83.9
Unplanned 5 16.7 2 7 25 14 16.1 3.688 0.158°
Sex
Female 15 50 14 48.3 14 50 43 49.4
Male 15 50 15 51.7 14 50 44 50.6 0.023 0.989°
Talking with fetus and stroking
belly
Yes 24 80 22 759 23 82.1 69 79.3
No 6 20 7 241 5 17.9 18 20.7 0.356 0.837¢

Abbreviations: SD - Standard deviation; a — Chi-squared test; b — Kruskal-Wallis H test; c - One-Way ANOVA test


https://creativecommons.org/licenses/by/4.0/

The effects of mother’s voice and white noise on APGAR scores of newborns and attachment processes — a randomized controlled trial

181

group in comparison to the MV group (BMD=-2.384;
p=0.017) had higher scores (Table 4). These findings
support the third hypothesis (H,) and reject the study’s
fourth hypothesis (H,).

Discussion

In the present study, only the 1* and 5% minute APGAR
scores were checked, and all the newborns had higher
scores than 7. The 1* minute and the 5" minute mean
APGAR scores were significantly higher with the new-
borns exposed to their MV or WN than the CG. There
was no significant difference between them when it was
checked which MV and WN had more positive effects

Table 2. Comparison of APGAR scores of newborns

on the APGAR scores. Although there are some studies
in the literature examining the effects of MV and WN
on newborns, the current study is the first to examine
the effects of these two sounds on the APGAR score.
Still, preterm newborns who were not exposed to their
MYV had significantly lower heartbeat rate than those ex-
posed to their MV.* Sajjadian et al. reported in a study
conducted with newborns that the ones exposed to their
MV had a more stable pulse reading, respiration, and
oxygen saturation than the control.”” In these two stud-
ies, MV positively affected the APGAR parameters of
pulse and respiration, which was in agreement with the
present study. Further, considering that oxygen satu-

CG (n=30) MV (n=29) WN (n=28) Total (N=87)
'L:rfrz? Mean + SD Mean = SD Mean + SD Mean = SD V.’:Izl; difference
(Min-Max) (Min-Max) (Min-Max) (Min-Max)
7706 8.17+0.6 8.14+£0.71 8+0.67 . CG<MV
st 1 a’
1t min 7-9) 7-0) (7-9) 7-9) 9355 0009 -\
8.87 £ 0.68 9.48 £0.57 943 +0.57 9.25+0.67 CG <MV
th i a*
>% min (8-10) (8-10) (8-10) (8-10) 14.331 00017 ¢ _\yy
Abbreviations: SD - Standard deviation; a — Kruskal-Wallis H test; * = p<0.05
Table 3. Comparison of attachment indicators of newborns
. CG (n=30) MV (n=29) WN (n=28) Total (N=87) Test
Variables n % n % n % n % value P
Crying status of newborns when they were
first brought into the room
Crying 9 30 13 448 9 321 31 356 a
Not crying 21 70 16 552 19 679 56 64.4 1633 0.442
Crying status of newborns who continue to
cry when brought to the room after cradled
by their mother (n=31)**
Still crying 5 55.6 2 15.4 4 444 1 355 .
Not crying 4 444 11 846 5 556 20 64.5 4431 0.109
Rooting
Yes 13 433 23 793 22 786 58 66.7 -
No 17 56.7 6 20.7 6 214 29 333 11.222 0.004
Latch-on
Yes 6 20 17 586 17 60.7 40 46 -
No 24 80 12 414 11 393 47 54 12465 0.002

Abbreviations: a — Chi-squared test; * = p<0.05; ** Newborns that did not cry when brought into the room were not included

in the analysis

Table 4. Comparison of attachment indicator durations of newborns

CG(n=30) MV (n =29)

WN (n =28)

Total (N=87) Test

Variables Mean + SD Mean + SD Mean + SD Mean + SD value P difference
Elapsed time CG>MV
for first sucking 66.97 + 5.95 60.79+7.5 65.14+6 64.32 + 6.96 6.937 0.002*

. WN > MV
(minute)
Elapsed time for
first eye contact by CG> MV
with mother 79.80 +8.31 71.24 £ 9.65 77.25+9.24 76.13 £ 9.67 12.605 0.002 WN > MV
(minute)

Abbreviations: SD — Standard deviation; a — One-Way ANOVA test; b — Kruskal Wallis test; * = p<0.05
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ration is directly related to the blood circulation in the
body.* It may be stated that MV could positively affect
appearance, which is another APGAR parameter. The
current study agreed with the results reported by Sajjad-
ian et al. in this matter.®

In the early postpartum period, keeping the baby in
the same room with the mother, skin-to-skin contact,
eye contact, and breastfeeding are essential factors that
lead to mother-infant attachment.?? Nonetheless, CS is
the potential for delays in establishing breastfeeding and
skin-to-skin contact.” In a report published by WHO,
it is noted that Turkey is among the first five countries
where more CS is performed than normal birth all over
the world.”” In the present study, since the study was
conducted was a baby-friendly hospital, skin-to-skin
contact was initiated in all newborns within 30 minutes
and started sucking in the first hour on average. In two
other studies, breastfeeding rates in CS were significant-
ly lower in the first 24 hours.*** In the present study,
breastfeeding initiation in the first 24 hours was a pos-
itive result. The early start of breastfeeding in the study
in all groups may explain why the institution that car-
ried out the study had received the Baby-Friendly Hos-
pital Certificate from the Turkish Ministry of Health.
New mothers were provided support to breastfeeding
their infants in the first hour by neonatal nurses.

Breastfeeding is a parenting factor that has been as-
sociated with the attachment of the infant and the moth-
er. There is an enduring link between breastfed babies
and infant secure attachment.* In the present study, the
newborns that listened to MV started sucking in a short-
er time than the WN and CG. The result showed that MV
provided to newborns with CS might positively affect
breastfeeding, which was a significant parameter of the
attachment process. Akca and Aytekin found the suck-
ing success of newborns that listened to WN higher than
those that did not.”® In the current study, although high-
er rates of rooting and latch-on were determined in the
newborns that listened to WN and MV compared to the
CG, the difference between WN and CG in starting suck-
ing was not significant.

The time to make eye contact, which is a crucial
component of the attachment process, was evaluated
in the study. It was observed that initiation of eye con-
tact took more than an hour for every newborn in each
group. However, making eye contact after birth was not
more than 80 minutes. A study conducted with preterm
newborns portrayed that eye contact behavior was rarely
found since most newborns were in a sleep state that hin-
dered their mother’s ability to make eye contact.” Upon
delivery, the newborn stays awake for approximately two
hours. The eyes are wide open with usually large pupils.*®

Moreover, the sensitive period of 60 to 90 minutes
after birth may be crucial for mothers to contact their
infants for infant-mother attachment to occur.* In the

present study, the onset of eye contact in less than 90 min-
utes for all groups may be interpreted as a positive result
for the attachment process in line with the literature. Be-
sides, the study also has established that the exposed to
MYV are faster in initiating eye contact than the other two
groups. Newborns who stay with their mothers and hear
her voice early are more inclined to initiate eye contact.
The eye contact of newborns with their mothers allows
mothers to develop positive motherhood feelings and be-
haviors towards their newborns; hence, the mother-in-
fant attachment process is supported.! Accordingly, the
exposure of newborns to the MV positively affects the at-
tachment process in the current study.

Study limitations

The current study had some limitations. The IR was not
blinded when measuring the APGAR score since she had
to be exposed to sounds played to newborns. Since new-
borns were term, the APGAR score and the newborns’ re-
sponses to sounds may have been positively affected. The
generalizability of the findings in this study was limited to
term newborns. Further, the generalization of the study
was limited because of the small sample size.

Conclusion

In line with the current study’s findings, both sounds
positively have affected the APGAR scores. However,
when one of the sounds is more effective in increasing
the APGAR scores are questioned, there is no differ-
ence between mother voice and white noise. In exam-
ining the effects mother voice and white noise played
on newborns on the attachment process, positive effects
of both sounds on the newborn’s rooting and latch-on
were found. Only mother voice positively affects attach-
ment indicators as first successful sucking time and eye-
to-eye contact. In line with these results, in countries
like Turkey, where there is an increase in surgical de-
liveries, listening to the mother voice to the newborns
immediately after CS can be used as a breastfeeding and
attachment-supportive practice.
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ABSTRACT

Introduction and aim. Osteoarthritis (OA) is generally a progressive disease that affects synovial joints, resulting in abnor-
malities to articular cartilage subchondral bone, synovium, and adjacent soft tissues. The purpose of this work was to investi-
gate the specific activity of chondroitin sulfate (CS) in intra-articular and intramuscular administration to laboratory rabbits in
experimental OA.

Material and methods. OA was induced in rabbits by a single injection of mono-iodoacetate in knee joint. CS was adminis-
tered intra-articularly and intramuscularly. The analysis of biochemical markers and macroscopic assessment of rabbit
knee joints was performed.

Results. Intramuscular and intra-articular injection of CS reduces the intensity of the degenerative-dystrophic process due to
the impact on inflammatory and the activation of anabolic mechanisms. Intra-articular administration of CS leads to a great-
er increase in the level of factors of bone and cartilage formation and a greater decrease in the levels of factors of the acute
phase of inflammation and factors that destroy the cartilage matrix.

Conclusion. Intramuscular administration of CS revealed a lower intensity of destructive changes in the cartilaginous sur-
face of the knee joint, and intramuscular - the absence of cartilage destruction and defects of the cartilaginous surface,
which indicates the peculiarity of the topical effect of the CS.

Keywords. chondroitin sulfate, chondroprotection, intra-articular and intramuscular administration, osteoarthritis

Introduction
Osteoarthritis (OA) is traditionally characterized
as a heterogeneous group of chronic degenerative-
dystrophic, and more recently inflammatory diseases
of the joints and spine of various etiologies, but with
similar progressive morphological changes of cartilage,
subchondral bone, and synovial capsule, which lead to a
decrease in the functional activity of patients, the ability
to self-care and disability of patients.'”

The social significance of OA is due to the fact that
the first signs or manifestations of OA may be at the age
of 30, and with age, there is an increase in the incidence

of the disease. It is established that the development of
OA increases from 2 to 10 times at the age from 30 to
65 years. According to the WHO, 80% of the population
aged 50-60 suffer from OA, more than half of them have
limitations in daily life activities, and 25% - can not cope
with basic daily responsibilities. Everyone under the age
of 80 suffers from OA. In addition, patients with OA
make up 30% of patients with disabilities due to diseases
of the musculoskeletal system.®’

The cause of OA is considered to be a violation of
the mechanical load on the joint and the possibility of
physiological recovery of hyaline cartilage after this
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load, which leads to the formation of a «vicious circle»
associated with the development and maintenance
of inflammation in the joint and progressive cartilage
destruction.®*

It is known that the main symptom that aggravates
the course of OA and causes disability is pain.'** To date,
the cause of joint pain in OA has not been definitively
established.!*? It is believed that the answer to the
question of the cause of joint pain in OA can be found
in the study of molecular biology and biochemistry of
OA. From this point of view, OA is a complex process,
the reversibility of which depends on the action of
the restorative and regenerative processes in the joint
by affecting chondrocytes in the direction of anti-
inflammatory and chondroprotective action.'*

Treatment of OA is one of the most pressing
problems of modern medicine around the world,
not only because this pathological condition is
very common, characterized by severe course and
consequences that lead to disability, but also because of
the lack and inconsistency of data on the effectiveness
of various measures and drugs. In this aspect, the
problem of analgesia and the impact on the structural
organization of articular cartilage with the help of
drugs of the group Symptomatic Slow-Acting Drugs in
Osteoarthritis (SYSADOAs).!>1¢

At present, it is believed that the mechanical
properties of articular cartilage depend on the
structural organization of the cartilage matrix, namely
the interaction of water molecules and macromolecules
- collagen, proteoglycans, and non-collagenous
proteins.'”'® The synthesis of matrix macromolecules is
determined by the functional activity of chondrocytes,
which decreases with age, leading to disruption of
the normal ratio of components of articular cartilage
and the progress of its degeneration, and disruption
of subchondral bone remodeling contributes to
the degradation of cartilage tissue. Approaches to
conservative treatment with SYSADOAs, PRP-, and
SVF-therapy, which are aimed at restoring the cellular
composition of cartilage, stimulating the regenerative
potential of the joint as a whole, and eliminating the
main manifestations of OA, are based on this.'*%

Some authors emphasize the importance of the me-
niscus into the OA knee joint as the function of the
meniscus is very important to make the joint surfac-
es concordant and to better cushion the load during
movement and the role of some biomarkers such as lu-
bricin.**

Aim

The purpose of this work was to investigate the specif-
ic activity of chondroitin sulfate (CS) in intra-articular
and intramuscular administration to laboratory rabbits
in experimental osteoarthritis (OA).

Material and methods

Design

Experimental studies were performed on nonlinear,
healthy, adult 16 Chinchilla rabbits (8 males and 8 fe-
males) weighing 2.5 kg. The animals were on a standard
diet and in standard vivarium conditions (air tempera-
ture: 22+2°C, light/dark cycle: 12/12 hours) in accor-
dance with sanitary and hygienic standards and received
food and water ad libitum.?*

Ethics approval

The Committee on Bioethics of the Oles Honchar Dni-
pro National University approved the study protocol
and all procedures related to the maintenance of the an-
imals, their humane treatment, and their use in the ex-
periments. These also complied with Good Laboratory
Practice requirements and the European Convention
for the Protection of vertebrate animals used for experi-
mental and other scientific purposes.

Osteoarthritis model

Groups 2, 3, and 4 of rabbits had osteoarthritis induced
by mono-iodoacetate (MIA). The MIA osteoarthritis
model involved a single MIA injection (3 mg in 50 pL
of sterile saline) into the knee joint, as described by Gu-
ingamp et al.*%

Experimental groups

After the formation of the experimental model of OA on the
28th day of the experiment, the rabbits were divided into
experimental groups as follows:

Group 1: Intact animals (4 rabbits);

Group 2: OA without «treatment» (4 rabbits);

Group 3: OA + intramuscular administration of CS (4
rabbits);

Group 4: OA + intra-articular administration of CS (4
rabbits).

Chondroitin sulfate administration

CS was ARTRIDA’ (manufacturer by «Haupt Pharma
Livron», France and promotion by Lithuanian pharma-
ceutical company «Farmlyga»).

CS was used intra-articularly 0.24 ml 1 time in 3 days 5
times on 28, 31, 34, 37, and 40 days of the experiment
and intramuscularly - 0.24 ml 1 time per day every
other day for 25 days (from 28 days of the experiment
to 53 days).

Biochemical parameters

On the 28th day of the experiment (this period
corresponds to the maximum period of formation of
the experimental model OA), blood was taken from
animals of all experimental groups to assess the level of
biochemical markers and animals 3 and 4 groups began
administration of CS according to the above scheme.
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On days 43 and 53 of the experiment (depending
on the method of CS administration) blood was taken
from animals of groups 3 and 4 to assess the level of
biochemical markers.

The test systems of the following markers
manufactured by «MyBioSource» (San Diego, CA,
USA) and Elabscience Biotechnology Co., Ltd. (Wuhan,
China) were used in the study:

1. Markers of cartilage and bone destruction:
C-telopeptide of collagen type 2 (CTX-II) and
C-telopeptide of collagen of type 1 (CTX-I) reflect
the degree of destruction of cartilage and bone tissue,
respectively. Relevant markers are found in the serum
due to the destruction of cartilage and bone tissue and
the breakdown products of collagen types 1 and 2 into
the blood.

2. Markers of enzymes that destroy the cartilage
matrix: matrix metalloproteinases (MMP) 3, 9, and 13
reflect the «state» of the cartilage matrix.

3. Markers of bone formation: bone alkaline
phosphatase (BALPL) reflects the intensity of anabolic
processes in bone tissue. Allows assessing the
regenerative potential of bone tissue.

4. Biochemical markers of inflammation (acute
serum inflammation proteins): C-reactive protein
(CRP), interleukins (IL) 1, 6, and 8, tumor necrosis
factor-alpha (TNF-a). Reflect the body’s overall
response to inflammation. Are non-specific markers of
inflammation.

Blood samples were taken from the marginal ear
vein of rabbits after fasting for 12 hours. Blood samples
were left to coagulate for 2 hours at 4°C. Then they were
centrifuged at 4000 rpm for 15 min at 4°C to obtain
serum. Serum samples were aliquoted in 0.5 ml tubes
and stored at -80°C until analysis.

Serum concentrations of cartilage and bone markers,
pro-inflammatory/anti-inflammatory cytokines
were measured by quantitative solid-phase sandwich
enzyme-linked immunosorbent assay (ELISA) using
rabbit-specific test kits and following the manufacturer’s
instructions.

The procedure for studying biochemical markers
was performed as follows. To each well of the plates was
added a standard solution or serum sample (100 pL),
the plate was covered and incubated for 2 hours at 37°C.
Then the liquid from each well was removed and added
a working solution of biotinylated antibody (100 pL),
specific to the corresponding marker, the content of
which is examined in the serum of rabbits. The plate was
covered and incubated for 1 hour at 37°C. The wells were
washed three times with wash buffer (350 uL), avidin
conjugated with horseradish peroxidase (100 pL) was
added to each well, the plate was covered and incubated
for 30 minutes at 37°C. The wells were washed five times
with wash buffer (350 uL), a tetramethylbenzidine

substrate solution (90 pL) was added to each well, and
the plate was incubated in the dark for 15-30 minutes
at 37°C. Subsequently, a stop solution (50 pL) was
added to each well. The optical density of each well was
determined using a Rayto RT-2100C microplate reader
(Rayto Life and Analytical Sciences Co., Ltd., China)
at 450 nm. The concentration of the test marker was
calculated by comparing the optical density of each
sample with a standard 4-parameter logistics curve
constructed using AssayFit Pro 1.31. Each sample was
tested twice according to the test system manufacturer’s
instructions.

Sectioning and macroscopic parameters
All animals were killed accordind to Ethical Approve-
ment by intraperitoneal administration of a thiopental
sodium solution (40 mg/kg body weight) and samples
of knees were taken.” Rabbits of group 4 were killed on
day 43, and rabbits of groups 1, 2, and 3 were killed on
day 53.

Macroscopic evaluation of Chinchilla rabbit joint
tissues was performed using generally accepted stan-
dard methods and surgical instruments.

Statistical analysis

Physical parameters are reported as means + errors.
Depending on the normality of the distribution (as as-
sessed using the Shapiro-Wilk test) and the groups be-
ing compared, the Student’s t-test, the paired t-test, the
Mann-Whitney U-test, or the paired Wilcoxon test were
generally used. For knee circumference, a one-way dis-
persion analysis and Duncan’s test were used. The level
for significance was taken to be P<0.05. Statistical pro-
cessing was performed using STATISTICA 6.1 software
product provided (StatSoft Inc., serial No AGAR909E-
415822FA).

Results
Macroscopic parameters
At the research of tissues of a knee joint at animals of
group 1, the normal structure of a joint is defined (Fig.
1). Cartilage has a white, bright color. The cartilage sur-
face is shiny, without pathological usurpations and de-
fects. The capsule of the joint is not thickened the usual
color. There are no infiltrative and inflammatory phe-
nomena around the cartilaginous formations. Patholog-
ical changes in the structure of the knee joint and soft
tissues have not been identified.

At the research of tissues of a knee joint at animals
of group 2, the expressed pathological changes (Fig. 2)
are defined. The cartilage has a yellow, dull color. The
cartilage surface is heterogeneous, focal pathological
usurpations and defects are determined. The capsule
of the joint is thickened, hyperemic, has a pronounced
capillary and vascular network. Infiltrative and
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Fig. 2. Macroscopicstructure of the tissues of the knee joint of rabbits of group 2 (the distal part of the femur of the rabbit is shown)

inflammatory phenomena around bone and cartilage
formations are determined. The identified phenomena
confirm the adequacy of the simulation of OA of the
knee joint in animals using MIA.

At the research of tissues of a knee joint at animals
of groups 3, pathological changes are defined (Fig. 3A-
D). The cartilage has a yellow, bright color. In Fig. 3A-B
cartilage surface is heterogeneous, individual focal
pathological usurpations and defects are identified.

In Fig. 3D the cartilage surface is homogeneous,
pathological usurpations and defects are not defined.
The capsule of the joint is slightly thickened, hyperemic,
in Fig. 3A has a pronounced capillary and vascular
network. Infiltrative and inflammatory phenomena
around the cartilaginous formations are moderate.

At the research of tissues of a knee joint at animals
of groups 4, moderate pathological changes (Fig. 4A-
D) are defined. The cartilage has a yellow, bright color.
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Fig. 4. Macroscopic structure of the tissues of the knee joint of rabbits of group 4 (shown rabbit knee joint intersected along
with the joint space)
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Table 1. The average values of biochemical parameters in animals of the experimental groups at 28 days (M)

TNF-q, BALPL, MMP-3, MMP-13, CRP, IL-6, IL-8,
pg/mL ng/mL ng/mL ng/mL pg/mL pg/mL pg/mL
Group 1 (n=4) 0 2.66# 0 0 0 0 0
Group 2 (n=4) 44.70* 7.87* 3.88* 9.0* 642.50* 68.44* 931.76*
Group 3 (n=4) 41.08* 7.95% 4.16* 10.94* 753.59% 77.86* 968.81*
Group 4 (n=4) 44.35*% 7.16* 4.42% 9.69* 581.19*% 69.42* 912.64*
*p<0.05 versus Group 1
#p<0.05 versus Group 2
0 — marker is not determined in the blood sample
Table 2. The average values of biochemical parameters in animals of the experimental groups for 43 days (M)
TNF-q, BALPL, MMP-3, MMP-13, CRP, IL-6, IL-8,
pg/mL ng/mL ng/mL ng/mL pg/mL pg/mL pg/mL
Group 1 (n=4) 0 2.63# 0 0 0 0 0
Group 2 (n=4) 32.45* 7.88* 5.68* 8.90% 590.86* 122.01* 524.35*
Group 3 (n=4) - - - - - - -
Group 4 (n=4) 15.78%# 14.33%# 2.72% 4.22%# 110.77*# 35.01# 186.35*#
*p<0.05 versus Group 1
#p<0.05 versus Group 2
0 - marker is not determined in the blood sample
— marker definition was not performed
Table 3. The average values of biochemical parameters in animals of the experimental groups for 53 days (M)
TNF-q, BALPL, MMP-3, MMP-13, CRP, IL-6, IL-8,
pg/mL ng/mL ng/mL ng/mL pg/mL pg/mL pg/mL
Group 1 (n=4) 0 2.07# 0 0 0 0 0
Group 2 (n=4) 29.62* 6.32* 4.07* 7.78*% 754.32* 120.71* 541.11*
Group 3 (n=4) 18.55* 14.11%# 2.93*% 4.08* 104.24*# 36.30%# 193.76*#

Group 4 (n=4) - -

*p<0.05 versus Group 1

#p<0.05 versus Group 2

0 - marker is not determined in the blood sample
- marker definition was not performed

The cartilage surface is homogeneous, focal pathological
usurpations and defects are not defined. The capsule
of the joint is normal, the vascular pattern is not
determined. Infiltrative and inflammatory phenomena
around the cartilaginous formations are not defined.

Biochemical parameters

The obtained results are presented in Tables 1, 2, and 3.
The average values (M) of biochemical parameters on
the 28th day of the study in animals of the experimental
groups are presented in the Table 1.

The average values (M) of biochemical parameters
on the 43rd day of the study in animals of the experi-
mental groups are presented in the Table 2.

The average values (M) of biochemical parameters
on the 53rd day of the study in animals of the
experimental groups are presented in the Table 3.

Analysis of the results (Table 1-3) suggests that on
the 28th day of the experiment in groups 2, 3, and 4
there is an increase in levels of TNF-a, BALPL, MMP-

3, MMP-13, CRP, IL-6, and IL- 8 in relation to animals
of group 1 (intact), which reflects the activity of the
pathological process caused by the action of MIA on
cartilage tissue. Levels of markers TNF-a, BALPL,
MMP-3, MMP-13, CRP, IL-6, and IL-8 in group 2
animals (without treatment) on 28, 43, and 53 days of
the experiment reflect a gradual decrease in the intensity
of inflammatory and destructive processes in knee joints
of rabbits, which corresponds to the peculiarities of OA
in the experimental reproduction of the degenerative-
dystrophic process by intra-articular administration of
MIA.

On day 43 of the study, high levels of TNF-a, MMP-
3, MMP-13, CRP, IL-6, and IL-8 were observed in
groups 2 with respect to groups 1 and 4, reflecting the
further development of OA. However, in group 4 there
is a decrease in TNF-a, MMP-3, MMP-13, CRP, IL-6,
and IL-8 relative to group 2, which corresponds to a
decrease in the intensity of catabolic and inflammatory
processes, and an increase in BALPL indicates a more
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pronounced intensity anabolic process in bone and
cartilage.

Almost a similar pattern is observed on the 53rd day
of the experiment. In group 2, high levels of markers
TNF-a, MMP-3, MMP-13, CRP, IL-6, and IL-8 were
observed relative to groups 1 and 3, which reflects the
further development of OA. At the same time, in group
3 there is a decrease in TNF-a, MMP-3, MMP-13, CRP,
IL-6, and IL-8 relative to group 2, which corresponds to
a decrease in the intensity of catabolic and inflammatory
processes, and an increase in BALPL indicates the more
pronounced intensity of anabolic processes in bone and
cartilage.

Noteworthy is the change in BALPL levels in group
4 on day 43 of the study and in group 3 on day 53 of
the experiment, which reflects the intensity of anabolic
processes in the knee joints of rabbits. These values are
14.33 and 14.11 ng/mL, respectively. When comparing
the obtained values with the indicators of group 2
(without treatment) there is an increase in the intensity
of anabolic processes 1.9 and 2.23 times, respectively
(Tables 2 and 3).

Analyzing the dynamics of changes in the levels of
markers TNF-a, BALPL, MMP-3, MMP-13, CRP, IL-6,
and IL-8 in group 3 (intramuscular administration) and
group 4 (intraarticular administration) can be argued
that intramuscular and intraarticular administration
of the CS leads to a decrease in the intensity of the
degenerative-dystrophic process due to the impact on
inflammatory phenomena and activation of anabolic
mechanisms.

A comparison of the results obtained in the group 3
(intramuscular administration) and the group 4 (intra-
articular administration) suggests that intra-articular
administration of CS leads to a greater increase in
BALPL and a greater decrease in markers TNF-a, MMP-
3, IL-6, and IL-8. However, no statistically significant
reliability was obtained between these indicators of
groups 3 and 4 (Tables 2 and 3).

Discussion

When comparing the results obtained between the
experimental groups of animals, a sharp difference
in macroscopic changes with group 1 is determined,
which indicates the presence of degenerative-dystrophic
changes in the knee joints of animals of groups 2, 3,
and 4. The most pronounced intensity of pathological
changes was determined in animals of group 2, which
confirms the adequacy of the performed OA model.
When comparing macroscopic changes between groups
2 and 3, a lower intensity of destructive changes in the
cartilaginous surface of the knee joint was determined.
When comparing macroscopic changes between groups
2 and 4, the absence of pathological usurpation and
cartilaginous surface defects was determined.

Thus, based on the obtained results, it can be
stated that the intramuscular administration of CS
revealed a lower intensity of destructive changes in
the cartilaginous surface of the knee joint, and intra-
articular - the absence of pathological usurpation and
cartilage surface defects, indicating the topical effect of
CS. In our opinion, the obtained results may depend on
the CS drug used. We have previously confirmed the
importance of using a high-quality pharmaceutically
pure active main ingredient of CS to ensure optimal
efficacy and safety of the final product in patients with
osteoarthritis.”

In the process of biochemical studies, no indicators
of CTX-I, CTX-II, IL-1, and MMP-9 were determined
due to the fact that the level of studied markers in blood
samples was less than the sensitivity of test systems,
which does not contradict the literature and reflects
study performed.’*** However, low levels of CTX-I
and CTX-II indicate the absence of severe destructive
changes caused by the introduction of MIA, which
corresponds to the initial manifestations of OA and
adequate conditions for the appointment of the CS.*

Limitations

The author did not provide some morphological
information and related biomarkers expression through
histology, histochemistry, and immunohistochemistry

techniques.

Conclusion

To date, there is an open discussion about the appropri-
ateness and effectiveness of CS for OA. There are differ-
ent opinions on these issues, sometimes of the opposite
nature. There is also no consensus in the current litera-
ture about the effectiveness of intra-articular injection
of CS in OA. In our study, we tried to visualize morpho-
logical and biochemical changes during intramuscular
and intra-articular administration of CS in experimen-
tal OA.

We found that intramuscular administration of CS
revealed a lower intensity of destructive changes in the
cartilaginous surface of the knee joint, and intra-articular
- the absence of pathological usurpation and cartilage
surface defects, indicating the topical effect of the CS.
Intramuscular and intra-articular administration of CS
reduces the intensity of the degenerative-dystrophic
process due to the impact on inflammatory phenomena
and the activation of anabolic mechanisms. However,
intra-articular administration of CS leads to a greater
increase in the level of markers of bone and cartilage
formation and a greater decrease in the levels of markers
of the acute phase of inflammation and markers that
destroy the cartilage matrix.
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ABSTRACT

Introduction and aim. The evaluation of functional results, complications and problems of children with Hirschsprung’s dis-
ease treated with one-stage surgery (TEPT) or two-stage surgery (colostomy, TEPT) in Paediatric Surgery Clinic in Rzeszéw.
Material and methods. Medical documentation of 41 children treated due to Hirschsprung’s disease in years 2006-2018 in
Rzeszow were retrospectively analysed. The results of the questionnaires conducted among the parents of operated children
were surveyed.

Results. The average time of the radical surgery was 189 minutes. The mean length of the resected intestine in the classic form
was 19 centimeters, in long-segment 35 centimeters. In the post-operative period, 15 patients had a blood transfusion. The
mean time of the children’s stay calculated from the date of surgery until the discharge equaled 13.4 days. Early post-operative
complications: enterocolitis occurred in 6 patients (1 death in a septic shock mechanism), total dehiscence of anastomosis in 1
patient, abscess of perirectal space in 1 patient, anastomotic retraction in 1 patient and in 3 patients inaccurate intra-operative
evaluation of the section (intra), buttock dermatitis appeared in all patients.

Late post-operative complications (a control trial of 38 patients): Soiling was confirmed in 9 patients, periodic constipation in
one.The abnormal consistency of stool was signaled in 3 children. Two children were repetitively hospitalized due to enteroco-
litis. The frequency of defecation almost in all patients was reduced after a three, four-month period since the operation from
10-15 per day to the age norm. In one child, where the retraction of the anastomosis was diagnosed, the soiling and height-
ened frequency of defecation throughout the day persists. All of the parents of the older children view the outcome of the sur-
gery as positive and the life quality of their children does not differ from their peers.

Conclusion. TEPT is a method which can be performed in newborns, infants, babies as well as in case of a long-segment agan-
glionosis. Barium enema is not reliable in evaluation of the length of the aganglionic section in the long-segment type of
Hirschsprung’s disease. The treatment of choice in the early post-operative enterocolitis should be colostomy.

Worse functional results were observed in children after two-stage treatment — especially, in cases where the colostomy was
created due to the intestinal re-distention.
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Introduction

Hirschsprung’s disease is a congenital disorder caused
by the lack of autonomic intramural ganglia of sub-
mucosal plexus (Meissner) and myenteric plexus (Au-
erbach) of the intestinal wall as a result of which the
intestine lacking the proper innervation is in a state
of constant spasm creating an obstruction in the pas-
sage of the food content. This state is accompanied by
the constant and excessive pressure of the internal anal
sphincter (achalasia). As a result of the excessive effort,

the intestine above the obstruction imitatively becomes
dilated.

Fig. 1. Abdominal distension - a typical symptom of
Hirschsprung’s disease

In 1888 Harald Hirschsprung was the first to pres-
ent the description of the disease symptoms, observed
in two unrelated boys who died from chronic consti-
pation. As a cause of the disease, he mistakenly diag-
nosed congenital megacolon.! Hirschsprung’s disease
has a multi-factor genetic background, caused by the
mutation of genes: RET, ECE1, EDNRB, GDNE, SOX10,
PHOX2B, KIAA1279. The most common of them is the
mutation inactivating RET proto-oncogene, responsible
approximately for 50% of family and 15% of occasion-
al cases of the disorder’s prevalence. The signal trans-
duction gene-dependant becomes dysfunctional which
leads to faulty migration of neural crest cells along the
digestive tract wall toward the caudal. Dysfunctions
appear between sixth and twelfth week of gestation-
al age, while the time of activity of migration inhibi-
tory factor determines the length of the aganglionic
section.”® According to EUROCAT data, the incidence
of Hirschsprung’s disease is 1,3 in 10 000 live births.
More often it concerns the males (4:1). It can appear in

the isolated form (70%) or in a syndromic one. It may be
associated with Down syndrome or Shah-Waanderburg
syndrome.®” According to data published by Anderson
et al., who analyzed the population of 9 million children
born in California in 1995-2013, it can be clearly con-
cluded that the scope of incidence of Hirschsprung’s dis-
ease amounted to 2.2 cases in 10 000 live births with the
majority of Afro-Americans and Mongoloid race.®*°

The classification of the disease type is based on the
length of the aganglionic section. In 75% the agangli-
onosis relates to rectosigmoid segment - the classic type
of the disorder, in 15% the aganglionic intestine reach-
es the left transverse colon flexure, while in 6% the dis-
ease concerns the entire large intestine. In rare cases, the
aganglionosis might involve the whole intestine up to
the duodenum. The clinical symptoms of the disease ap-
pear most often upon birth in a form of neonatal in-
testinal obstruction. The main ailment is constipation.
The pathognomonic symptom is the delayed passage
of meconium (>24 h after birth). Additionally, abdom-
inal distention appears (Fig. 1) as well as vomiting with
bile content. In some cases, the disease may clinically
demonstrate itself in a later stage of life, even in adult-
hood."

The most dangerous complication, which may ap-
pear in children with Hirschsprung’s disease, is entero-
colitis that may have a violent course and can result in
a short time in death in a septic shock mechanism. The
diagnostics of the disease is based on taking medical
history, clinical examination and running diagnostic
tests. In the clinical examination, apart from the above-
mentioned symptoms of obstruction, the symptom of
a sudden defecation and gas release after inserting the
catheter into rectum appeared. Barium enema, espe-
cially in cases of delayed diagnostics in patients with a
re-distention of a correctly innervated intestine, may re-
veal a transitional zone of the intestine (cone syndrome)
as well as the length of the aganglionic intestine (Fig. 2)

The supplementary examination in diagnosis and
classification of innervation dysfunction of a digestive
tract is manomentry of a lower part of a digestive tract.
However, the relaxation of the internal sphincter (rec-
toanal reflex RAR) excludes aganglionosis. The exam-
ination determining the diagnosis in Hirschsprung’s
disease is the result of histopathology of a sample of a
posterior rectal wall, which should be taken depending
on the child’s age from 0,5 to 1,5 centimeters above the
dentate line (physiologically aganglionic zone). The lack
of ganglia cells and the presence of overgrown nerve
trunks producing excessive levels of acetyl cholinester-
ase confirms the diagnosis. The increased activity of this
enzyme is diagnosed by histochemical method. In re-
cent years, the immunohistochemical test of calretinin
was introduced as a tool for diagnosis of Hirschsprung’s
disease. The combination of acetyl cholinesterase histo-
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chemical test with the immunohistochemical test of cal-
retinin encourages growth in sensitivity and specificity,
as well as enhances precision of diagnostics of agangli-

onosis.'>1®

Szpital Wojewodzki nr2
6/11/2013 5 S

Sequence 1-5|

Fig. 2. Barium enema - narrow aganglionic intestine
with a syndrome of cone in a transitional zone

The treatment of Hirschsprung’s disease is surgi-
cal and requires the removal of aganglionic intestine
and anastomosis of properly innervated intestine with
the rectum just above the external anal sphincter. De-
pending on the clinical state of the patient, the length
of the aganglionic section, the time for diagnosis and
as a consequence the diameter of the re-dilated proper-
ly innervated intestine section, the treatment might be
performed in a one-stage procedure or two and three-
stage one.'

The standard surgical techniques performed in
various modifications with abdominal or abdomi-
nal-perineum incision include Rehbein, Duhamel, Sw-
enson and Soave methods.””* In 1998 de La Torre and
Ortega modified intra-abdominal Soave technique and
presented the outcomes of children’s treatment be means
of new method, which they called transanal resection of
the aganglionic section (TEPT). This technique involves
circular incision of the rectum mucosa about 1 centime-
ter above the dentate line and then dissecting the rectum
mucosa from its’ muscular cuff up to pelvic diaphragm.

In the next stage, the muscle cuff should be circularly
incised in order to open the peritoneal cavity and to be
able to further dissect the aganglionic intestine supply-
ing it’s mesentery up to its’ macroscopic dilatation (tran-
sitional zone). In a subsequent stage, the sample of the
intestinal wall is taken to the intra-operative histopa-
thology biopsy in order to confirm its’ normal inner-
vation (Fig. 3). After confirmation of the presence of
normal ganglion cells in the intestine, the anastomosis
is done between the intestine and the rectal wall about 1
centimeter above the dentate line. De La Torre method
in uncomplicated cases comes down to one-stage, suc-
cessful treatment of children with Hirschsprung’s dis-
ease and was very quickly accepted by the majority of
paediatric surgery centres dealing with this defect.”

Fig. 3. Transrectal resection of the aganglionic section
(TEPT)

Aim

The aim of the study was to compare functional results,
complications and problems of children at various ages
with Hirschsprung’s disease treated surgically with one-
stage (TEPT) or two-stage procedure (colostomy, TEPT)
along with the validity of performing barium enema in
order to assess the length of the aganglionic intestine.

Material and methods

The study was approved by the local bioethics commit-
tee (25/02/2019). In 2006-2018 in Paediatric Surgery
Clinic in Rzeszéw, 41 children with Hirschsprung’s dis-
ease were treated. This group comprised of 35 boys and
6 girls (Fig. 4).

The classic type of the disease was observed in 36
children, the long-segment type in 4 and 1 had total
intestinal aganglionosis (Fig. 5). In 5 cases the Down
syndrome was recognized. In 26 children the correct di-
agnosis was made in the neonatal period, while in 13 in
infancy. At the latest, diagnoses were made in children
aged 1.5 and 3.5 years. In all patients, the clinical symp-
toms presented themselves in the neonatal period.
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= Males = Females

Fig. 4. Children operated on Hirschsprung’s disease,
division according to sex

10% 2%

q

= The classic type
= Long-segment type
' Total aganglianosis of the intestine

Fig. 5. The length of aganglionic section

The one-stage surgery - TEPT was performed in
25 children (this group included 4 children, in which
TEPT was supported with minilaparotomy in order to
mobilize the aganglionic section of the intestine. 15 pa-
tients received a two-stage treatment - in the first stage
the colostomy was created, in the second one TEPT was
performed with a simultaneous loop colostomy and
anastomosis of a normal intestine with the wall of anal
canal just above the external anal sphincter. One child
received a three-stage treatment. In the first stage, the
colostomy was created, in the second TEPT was per-
formed and after healing of anastomosis and its’ dilata-
tion, the child had the continuity of the digestive tract
restored (Fig. 6).

,-.1

= One-stage treatment TEPT
= One-stage treatment + laparostomy
» Two-stage treatment

Three-stage treatment

Fig. 6. Children operated on Hirschsprung’s disease
according to the number of stages of surgical treatment

Colostomy was performed in children due to three
reasons. In case of a late diagnosis - in order to decom-
press and constrict the re-dilated intestine in seven chil-
dren, associated congenital anomalies (Down syndrome
and heart disorders) in two children, and in six children
due to the lack of possibility to decompress the intestine
in the preoperative period.

Results

Radical surgery was performed in 40.6 week of a child’s
life on average (the earliest in third week, and at the
latest in the age of 4 years and two moths). The aver-
age time of the surgery was 188,8 minutes (in the range
from 100 minutes to 450 minutes). The median length
of the intestine resected in classic type equaled 19 cen-
timeters. In patients with a long-segment disease - 35
centimeters.

None of the patients required a blood transfusion
throughout the surgery. In the post-operative period, 15
patients received blood.

All the children were administered wide spectrum
antibiotics after the surgery. The average time of chil-
dren’s hospitalization until the date of discharge was
13.4 days (range 7 to 30 days).

In the early post-operative period, in six (14.6%)
children symptoms of toxic enterocolitis appeared. In
three of them colostomy was created, which was closed
on average after 5 months. The other children with tox-
ic enterocolitis received conservative treatment. One
child died due to the septic shock (2.4%), in two after
the initial improvement of the general condition, later,
after the discharge, the symptoms of seasonal, passing
obstruction of digestive tract appeared, accompanied
by symptoms of enterocolitis — currently, these children
have the ileostomy created.

= Buttock dermatitis

= Toxic enterocolitis
Breakdown of anastomosis
Abscess of perirectal space

= Periodic obstruction

Fig. 7. Early post-operative complications

In one case, on the third day after the surgery, total
dehiscence of anastomosis occurred. The child had co-
lostomy created and colorectal re-anastomosis. In one
patient, abscess of perirectal space was diagnosed - the
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patient had colostomy created, which was closed after 4
moths. In two cases, in the early post-operative period,
a passing obstruction of a digestive tract appeared. Both
patients received conservative treatment with satisfac-
tory results.

Buttock dermatitis in the anus area appeared in all
operated patients (Fig. 7)

In 3 cases, wrong intra-operative evaluation was
made, as a result of which in theses patients a radical re-
section was not made. One patient underwent another
TEPT 6 months after the first surgery, in the second case,
colostomy was created and afterwards the child under-
went a surgery of Duhamel method in another centre. In
another patient with the wrong intra-operative diagno-
sis, the ileostomy was created - the child is in the pro-
cess of diagnostics in another centre. Two children with
the ileostomy created are being diagnosed and treated.
In another 38 children, the study was carried out in a
form of a survey.

Soiling was stated in 9 patients, periodical constipa-
tion in 1. After one-stage TEPT, soiling is present in 4
patients, who were operated in the third week of life (1
patient), in the seventh week (2 patients) and in tenth
week (1 patient). In a group of 16 children receiving a
two-stage treatment, soiling was reported in 5 of them
(among them, 4 with created colostomy due to the late
diagnosis and intestine re-dilatation). Incorrect, loose,
sticky texture of stool was reported in 3 children. Two
children were hospitalized several times due to entero-
colitis (Fig. 8)

In two children (one child with a long-segment
Hirschsprung’s disease and the other one with a post-
operative enterocolitis) anastomotic stricture was
diagnosed, requiring multiple dilatations in general an-
esthesia. Improper development was not stated in any
case. Frequency of defecation in almost all patients had
decreased after three, four-month period since the sur-
gery from 10-15 per day to the age norm. In one child,
who was diagnosed with anastomosis retraction, soiling
and increased frequency of defecation persist through-
out the day.

All of the parents of the older children view the out-
come of the surgery as positive and the life quality of
their children does not differ from their peers (Tab. 1).

= Soiling

= Periodic constipations
Incorrect texture of stool
Hospitalization due to enterocolitis

Fig. 8. Late postoperative complications

Discussion

The successful surgical treatment of Hirschsprung’s dis-
ease aims to resect aganglionic intestine and anastomose
of the normally innervated intestine with the rectum
wall just above the external anal sphincter. In the second
half of 20" century, the methods of Swenson and Bill,
Soave, Rehbein and Duhamel gained the recognition
and popularity. Treatment of children was performed in
stages. In a first stage, the colostomy was created, in the
second one, the radical surgery was done. In the third
one, the ostomy was closed, restoring the gastric tract
continuity. In complication-free course of treatment, the
patient underwent laparotomy three times with all pos-
sible negative consequences resulting thereof. In recent
years, the goal of surgical practice was to perform the
radical surgery without ostomy. We presented the out-
comes of surgical treatment with TEPT method in our
patients with Hirschsprung’s disease in years 2006 and
2018. In our material, the majority of patients were boys
and the classic type of the disease prevailed — which is
consistent with literature. In the first period after the im-
plementation of this method, we operated on children
who turned 3 months. Currently, the newborns are op-
erated with TEPT method. The oldest child on the day
of surgery was 4 years old. Every patient had barium en-
ema in order to determine the length of the aganglionic
section. However, in none of the long-segment cases nor
in the total aganglionosis, barium enema was consistent

Table 1. Long-term outcomes of treatment on the basis of surveys conducted among parents

Improvement of

Periodic consti- Hospitalization due  Stricture of

functioning Soiling pations to enterocolitis anastomosis
One-stage gg;g“e”t 23 (100%) 4.(17%) 0 1(4%) 1(4.3%)
TWO‘:E?: (t;;?/:)me”t 14 (100%) 5 (35%) 1(7%) 1(7%) 1(4.3%)
Three-s;z?ez;(:ftment 38 (38%) 0 0 0 0
Total n=38 (100%) 9 (23%) 2 (5%) 2 (5%)
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with the intra-operative image of agnaglionosis. More-
over, barium enema performed in the neonatal period
was not always reliable due to the lack of re-dilatation of
normally innervated intestine.?>*

In most paediatric surgery centres, the diagnosis of
Hirschsprung’s disease is made on the basis of the result
of histopathological examination obtained by means of
suction biopsy, which advantages include little invasive-
ness of the procedure and lack of complications.*

In our centre, the patients are qualified for surgery
according to the result of pathomorphological examina-
tion of the section taken surgically from the posterior rec-
tal wall. The section of at least 0.8x0.5 cm is taken from
above the physiologically aganglionic zone. It is always a
full histopathology examination, not intra. It offers a pos-
sibility of a reliable pathomorphological evaluation of the
whole section and substantially reduces the risk of wrong
diagnosis. Furthermore, it shortens the time of the sur-
gery in cases where the decision on the radical surgery is
made immediately after obtaining the intra results.**

The disadvantage of such management is the waiting
time for the results of histopathology test and the scar-
ing in the collection site that during the radical surgery
may hinder the dissection of mucosa from the muscle
cuff. No complications were observed in any case of the
surgical collection of the section.

Until the surgery date the children’s digestive tract
was decompressed by means of enemas and dilators to
anal canal in order to relax the sphincter. Once the ef-
fective release of the stool retention was impossible, the
patient was qualified for the laparotomy, during which
mapping of the intestine was performed and double bar-
rel colostomy was created divided onto the normally in-
nervated intestine. In 21 cases a one-stage TEPT was
performed, in another 4 TEPT with minilaparotomy in
order to mobilize the intestine. In many centres, in or-
der to mobilize the intestine, the laparoscopic technique
is currently used.***

Out of our 41 patients, 16 received a two-stage
treatment. In the first stage, the colostomy was creat-
ed (delayed diagnosis with re-dilatation of the intestine,
children with Down syndrome, in case of ineffective
conservative treatment). In the second stage, TEPT was
performed taking the normally innervated proximal
“barrel” of the fistula down transrectally and anastomos-
ing it with the rectal wall. In these cases the intra-oper-
ative histopathology examination was not performed,
as a result of which the shortening of surgery time was
achieved and avoidance of incorrect diagnosis of intra.
A three-stage treatment was performed in 1 patient: co-
lostomy, TEPT, colostomy closure.

In all patients, in the early post-operative period we
diagnosed perianal inflammatory lesions of buttock. It
is a frequent complication described especially in new-
borns operated before the third month of life. #**? In

one case, these changes were intensified with skin ero-
sion and fever.

In 3 patients, the intra-operative sections were
wrongly evaluated. In one case TEPT was performed
again with a satisfactory outcome, in the other, the co-
lostomy was created. Later, this patient underwent Du-
hamel method surgery in another centre. Another child
is in the process of diagnostics. The ileostomy has been
created. Other authors emphasize that the correct in-
tra-operative evaluation of the section depends main-
ly on the experience of professional pathomorphologist,
their availability and the quality of a material sample
sectioned by the surgeon.**?

The patients with long-segment form of
Hirschsprung’s disease and a child with a total agan-
glionosis were operated with TEPT method with lapa-
rotomy in order to mobilize the intestine. None of the
patients had previously created colostomy. Two pa-
tients underwent surgery in the 3" week of life, anoth-
er ones in second and third months, and the patient
with total aganglionosis in the seventh month of life.
All the patients with long-segment type prior to the
surgery had barium enema performed, which in none
of the cases implied the possibility of long-segment
presence. Moreover, the clinical symptoms were not
intensified compared with the children with a classic
type of the disease.

In 6 patients in the early post-operative period, the
symptoms of enterocolitis appeared. 3 of them were
treated conservatively. One child died, in two the symp-
toms of gastrointestinal obstruction occurred later. At
present, these children have ileostomy created and re-
quire further treatment. In 3 cases of enterocolitis, the
colostomy was created (which was closed after 5 months
on average). Currently, these children do not make any
complaints concerning the digestive tract.

In the group of 41 children operated on for
Hirschsprung’s disease, 1 died (2.4%) on the 14" day after
the operation due to the septic shock secondary to sepsis
caused by toxic enterocolitis. In the studies by Elhalaby as
well as Anderson, who presented the outcomes obtained
in large group of children with aganglionosis, mortality in
Hirschsprung’s disease in the first year of life equaled ap-
proximately 2%.5%° Also, in the studies presented by Gran-
stomm and Wester, toxic enterocolitis develops in about
5-42% of children with Hirschsprung’s disease and is the
most common cause of death.®?6%

Out of 40 patients, 38 completed the treatment.
Two have ileostomy created and are under supervision
of a referential paediatric surgery centre. Out of 38 pa-
tients invited to participate in the control trial, 32 ap-
peared in person. In the remaining 6, medical history
was taken over the phone in a form of questionnaire.
In the whole group, only one patient has periodic con-
stipation. Also 1 child was hospitalized twice due to the
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enterocolitis. Soiling is present in 9 children: in 4 out
of 23 treated one-stage and in 5 out of 16 treated two,
three-stage, where four of them had a colostomy created
due to the late diagnosis of Hirschsprung’s disease and
re-dilatation of intestine (these were the children who
underwent surgery after the 6 month of life and older).

Only in two patients the stricture of anastomosis
was diagnosed, which required dilatation in general an-
aesthesia. On the 7* day after the operation, an everyday
dilatation of the anastomosis by means of dilators be-
gins, which lasts after the discharge and is continued by
parents for the period of about 6 months. Such manner
of conduct prevents leaving permanent scar in the site of
anastomosis. Parents of all children observed a gradual
decrease in frequency of defecation in the period of 3-4
weeks to few months after the operation. In their subjec-
tive opinion, there is no difference in the quality of life
between peers or siblings of the treated child. Similar
functional results of children treated with TEPT method
were presented by Sood et al.** The most common late
functional problems are encopresis (soiling), enterocoli-
tis and constipation. According to some authors, better
results are seen in patients operated on after 3 month
of life with a classic form of the disease. According to
others, the patients’ age does not greatly influence the
results. The most crucial factor is the length of the agan-
glionic intestine.'®%*

According to Hung et al,, the risk factors for the de-
velopment of post-operative enterocolitis is low birth
weight, lowered level of IgA, long aganglionic segment
and the surgery performed before the 2 month of life.**
Nonetheless, all the authors emphasize the gradual im-
provement of intestinal function along with a reduction
in late complications with age.”**

Conclusion

TEPT is the most effective surgical method, which can
be applied both in classic type and long-segment one
in children with Hirschsprung’s disease at various age.
Barium enema is not always reliable in evaluation of the
length of the aganglionic intestine.

The most serious post-operative complication is tox-
ic enterocolitis, which should be treated by early colos-
tomy creation. Worse functional results were observed
in children operated on after 6" month of life, after a
two-stage treatment with the colostomy created due to
the late diagnosis and re-dilatation of the intestine.
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ABSTRACT

Introduction and aim. In Poland, on 25 March 2020, distance learning, which for many people was known only from literature,
entered into force. As a result, education could no longer be provided in its current form and was therefore provided online.
Therefore, the main aim of the presented research was an attempt to verify the pandemic and distance education impact on
students psychophysical conditions and satisfaction.

Material and methods. Some primary school students (grades 6th-8th), secondary school students from the Subcarpathian
Voivodeship in Poland and also some university students from foreign countries completed an anonymous survey on the im-
pact of the COVID-19 pandemic on their physical and mental condition as well as on some aspects of distance education.
The research was conducted in December 2021 and 804 students (Primary and Secondary School) and 64 university students
completed the survey.

Results. Both the primary and the secondary school students claimed they were quite satisfied with distance education. The
mostly approved aspect of online education was the fact that the time of learning was fitted to students’ needs. Difficulties in
distance learning indicated by students were mainly connected with their mental health. Therefore, many students suffered
from mental health and concentration problems, unwillingness to be active, apathy. The pandemic was also a stress factor for
students and a reason why they were in a bad mood. The pandemic was the reason for an increased interest in natural sci-
ences among 31.3% of primary school students, among 20.8% of secondary school students and among 17.3% of university
students from foreign countries. Distance education influenced physical health of almost half of the respondents in both types
of schools. The pandemic had an impact on mental health state of almost half of primary school students. 65% of secondary
school students said that the pandemic influenced both their mental and physical health. In case of university students the
pandemic did not influence their physical health in a significant way (65.4%). The study shows that primary school students
used the Internet mainly to play games (almost 50% of the respondents), watch films, listen to music, do homework. Online
lessons were only 20% of the answers.

Conclusion. There has been a significant impact of COVID-19 on students in elementary school, high school, and university.
This resulted in negative mental and physical effects. Respondents were stressed, depressed, and unmotivated. Approximate-
ly half of them engaged in physical activity very rarely or rarely. Even though they were satisfied with online learning, which
was caused by the COVID-2019 pandemic, the greatest problem was mental concentration problems, lack of motivation, and
social isolation.
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Introduction

A pandemic is defined as “an epidemic that occurs
worldwide, or over a very wide area, crossing interna-
tional boundaries and usually affecting a large number
of people”! Although there has been much debate about
the flu virus, its variants, and epidemic, 2020 changed
our lives with the advent of a new epidemic.>* The first
cases of COVID-19 disease caused by the SARS-CoV-2
coronavirus were identified on November 17, 2019 in
Wuhan City (Hubei Province, Central China). However,
the officially infectious disease COVID-19 was declared
a pandemic by the World Health Organization (WHO)
on 11 March 2020. Initially, the disease occurred only in
Wauhan, and then in whole China. In mid-February 2020,
the first outbreaks of infections were recorded in South
Korea, Iran and Italy. The first case of SARS-CoV-2 in-
fection in Poland was reported on 4 March 2020. Until
April 19, 2022, 5,985,818 cases of infection were record-
ed in Poland, 115,838 deaths were registered. But why
is this coronavirus variant so dangerous? This is mainly
because the virus spreads easily between humans. So far,
the virus has been detected in nasal and pharyngeal se-
cretions, sputum, urine, feces, tears and blood.>® Addi-
tionally, the possibility of infection by the virus is made
possible by its ability to ‘survive’ on metal, glass or plastic
surfaces for several days at room temperature. However,
surface disinfection can effectively inactivate viruses by
procedures with 62-71% ethanol, 0.5% hydrogen perox-
ide or 0.1% sodium hypochlorite within 1 minute.” The
SARS-CoV-2 virus infects mainly the respiratory system,
causing acute atypical pneumonia and acute respirato-
ry distress syndrome in severe cases. In addition, it can
also spread through the nervous system, resulting main-
ly in the loss of smell and taste due to the virus attack-
ing the olfactory and taste receptors.® Coronaviruses, as
RNA viruses, use (error-prone) polymerase to replicate
their RNA genetic material. Consequently, their genome
tends to accumulate mutations during each replication
cycle, which is natural and serves to better adapt to hu-
man organisms and increase virulence.’ The increasing
number of infections and the emergence of new forms
of viruses requires the introduction of restrictions, in-
cluding education. Therefore, distance education has be-
come a huge challenge for teachers and students. The
advantage of online education, also called distance edu-
cation, electronic education, teaching online, e-learning
or e-education is avoiding stagnation among teachers
and students. Online education makes it possible for
students to adapt to changes, to improve their practi-
cal skills, to participate in interesting and varied classes.
Kubiak defined distance education as a method of educa-
tional process in conditions when teachers and students
(university students) are far away (sometimes consider-
ably), apart from traditional ways of communication us-
ing also present-date, very modern telecommunication

technologies to transmit information, and transferring
sounds, videos, computer data and printed materials.'
What is more, contemporary technologies enable di-
rect contact in real time between teachers and students
using audio or video conferences, regardless of the dis-
tance between them. Online teaching can take different
forms. There is a correspondence model, a multimedia
model and a synchronous model, but the most effective
is an asynchronous model based on using interactive
multimedia and materials published on the Internet."
All the methods and forms of work, usually attractive to
students and accepted by them, gained special meaning
in the time of COVID-19 pandemic which required the
distance form of education from March 2020 and main-
tained it to some extent till December 2021. It turned
out that the fact of staying for many months at home, the
lack of contacts with peers and teachers, participating
in distance education system everyday, was experienced
and assessed by children and teenagers in different ways.
E-learning was still an attractive, innovative form of
work. It made educational process possible to continue
and in a specific form online education enabled contacts
with peers, teachers and educators. However, it was not
a direct contact. It was impossible to function in infor-
mal, free, stationary education realities. There appeared
some problems with concentration, motivation to work,
functioning in a new schedule, problems with technical
equipment and others.

Aim

The main aim of the presented research was an attempt
to verify the pandemic and distance education impact
on students psychophysical conditions and satisfaction.
Students assessment of the new dominant form of edu-
cation, their fears concerning the pandemic or accept-
ing the existing situation were verified with the use of
surveys, discussed and interpreted in this study

Material and methods

Some primary school students (grades 6th-8th), sec-
ondary school students from the Podkarpackie (Sub-
carpathian) Voivodeship in Poland and also some
university students from foreign countries completed
an anonymous survey on the impact of the COVID-19
pandemic on their physical and mental condition as
well as on some aspects of distance education. Stu-
dents assessed online lessons, their access to the com-
puter equipment, the influence of their surroundings
and their place of staying on the quality of education.
On the one hand they stated the most problematic
situations and on the other hand they pointed at the
factors motivating them to study. Respondents also
specified if the COVID-19 pandemic was a danger for
them and described its impact on their physical and
mental health, they assessed their interests in natural
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sciences and some aspects of their physical activities
before and during the COVID-19 pandemic.

The anonymous surveys were sent to several cho-
sen primary and secondary schools in Podkarpackie
Voivodeship and also to university students from for-
eign countries studying Polish as a foreign language at
universities in Rzeszéw, Poland. The research was con-
ducted in December 2021 and 804 students and 64 uni-
versity students completed the survey (Tab. 1). Most of
the respondents in primary schools were girls (155),
the minority were boys (114). It was similar in second-
ary schools with corresponding 395 girls and 140 boys.
Among university students from foreign countries 77%
were women. The majority of the respondents live in
towns/cities.

Table 1. Sex, type of school and place of residence

For students “the digital world, new information
and communication technology is a natural world. They
live, learn and fulfil their own dreams in that world”"?
Taking into account new technologies seems “normal to
them, the knowledge conveyed in a traditional way with-
out using available technology is not quite attractive.'” It
is also confirmed by students in their assessment of the
positive and negative aspects of online education.

Innovative, virtual forms of classes were approved
by over 30% of the respondents (Tab. 2). But the most-
ly approved aspect of online education was the fact that
the time of learning was fitted to students’ needs. Sec-
ondary school students presented a different evaluation.

Table 2. Positive and negative aspects of distance
education

Positive aspects of distance education

Primary school
(6th-8th grade)

Secondary school

Female Male Female Male
155 114 395 140
Place of residence

town/city village town/city village

54 215 288 247

> 269 2535
> 804
Results

As shown in Figure 1, both the primary and the sec-
ondary school students claimed they were quite satis-
fied with distance education (40%). Only 10% expressed
their strong dissatisfaction with the above mentioned

form of education.

very satisfied rather satisfied rather very other
dissatisfied ~ dissatisfied

Students' answers (%)
BN W W A
bt O U © Wn» O

—_
o

=

= Primary school ~ m Secondary school

Fig. 1. Level of satisfaction with distance learning among
primary and secondary school students

The optimum satisfaction with online lessons seems
to be justified taking into account the fact that informa-
tion technology is fully accepted by the youth of today.
Information technology is a friendly working environ-
ment for young people where they pursue their hobbies
and special interests, gain new information and even
stay in contact with other people.

Answers Primary Secondary
school (%) school (%)
innovative, virtual classes 313 19.5
the time of learning is fitted to 396 61.0
students’ needs
permanent contact with 216 6.6
teachers and peers
other 7.5 129
the lack of direct contact with 343 33.1
others
difficulties in understanding and 28.7 27.7
remembering the information
learned during lessons
technical problems 29.5 27.5
other 7.5 11.6

Their priority was fitting the time of learning to
their needs (over 60%), meanwhile innovative and vir-
tual forms of classes were approved by 19.5% of stu-
dents.

Distant learners experienced lower level of organ-
isational stress and higher level of work satisfaction.’?
Many secondary school students claim that online edu-
cation is appropriate for them “considering peace and
quiet, the lack of school stress, the opportunity to devote
more time to their own interests”!* However, at the same
time “they mostly suffer from severe lack of direct con-
tact with other people, peers, teachers. It is no surprise
to indicate deficiencies in the field of personal contact,
taking into account the fact that students value it sig-
nificantly”.*

It should be emphasised that the above mentioned
regularity can be seen among primary as well as among
secondary school students. Moreover, both groups de-
scribed difficulties in understanding and remembering
the information learned during lessons (28.7% primary
school students and 27.7% secondary school students)
and technical problems (29.5% primary school students
and 27.5% secondary school students). Nevertheless, the
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biggest problem in distance education proves to be dif-
ferent. The biggest problem in online education for the
secondary school students was the problem with con-
centration (26.8%) and the lack of motivation (21.9%)
(Tab. 3). For the primary school students the biggest
problems were: the problem with concentration (23.5%)
and the lack of contact with friends (20.1%).

Table 3. What was the biggest problem in distance learning
for you?

Answers Type of school
Primary Secondary
school (%) school (%)
planning everyday learning 11.9 8.1
dealing with some stress 6 9.7
the lack of the direct contact 9.3 5.2
with a teacher
problems with concentration 235 26.8
sharing the computer, technical 15.7 10.3
problems
the lack of contact with friends 20.1 18.0
the lack of motivation 134 21.9

Students' answers (%)
(%)
(=]
}

online learning

classroom/stationary
learning

hybrid learning
m Primary school  m Secondary school

Fig. 2. Choosing the educational method preferred by
students

Difficulties in distance learning indicated by stu-
dents were mainly connected with their mental health.
Young people need to have contacts with peers and to
create their own identity. The necessity of staying at
home in isolation during the COVID-19 pandemic and
limited opportunities of development had a negative im-
pact on natural needs of young people. Therefore, many
students suffered from mental health and concentra-
tion problems, unwillingness to be active, apathy. In that
context, students’ answers about their preferred form of
learning appear to be significant.

The majority of respondents were in favour of tra-
ditional education: 51.1% primary school students and
37.3% secondary school students (Fig. 2). The least de-
sired way of learning was hybrid education because it
meant a limited teachers’ contact with their students.

Teachers were not able to pay attention to one group
of students only, they shared their attention between
students in the classroom and online students.

The relation between teachers and students is cru-
cial, especially for secondary school students (70.6%)
but also for primary school students (54.9%).

Table 4. Does the COVID-19 pandemic influence the
teacher-student relations?

Answers Type of school
Primary Secondary
school (%) school (%)
yes 54.9 70.6
no 45.1 29.4

According to Jacek Pyzalski ,,the two most impor-
tant areas of relations (...) are peer relations inside class
groups and teacher-students relations”."* They were specif-
ic during the isolation caused by lockdown. Nevertheless,
students understand that physical distance cannot signif-
icantly influence students’ contacts with other people. It
cannot limit them, or even disable the supporting, moti-
vating relations that help to overcome some difficulties.

Considering the fact that relations with teachers and
peers are important for respondents, it is surprising who
they chose to ask for help during online education. The
great majority of students (60.1% - primary school stu-
dents, 66.3% - secondary school students) declared that
they coped with online learning difficulties on their own
(Tab. 5).

Table 5. Who helps you during the distance education?

Answers Type of school
Primary Secondary
school (%) school (%)
parents 20.1 6.2
siblings 9 4.1
| have lessons with a private 6 154
tutor
| learn on my own 60.1 66.3
| cannot cope with learning 4.9 8.1

Furthermore, the people who are most frequently
addressed by children and youth during difficult situ-
ations are: their mother (55.2% - primary school stu-
dents, 37.8% - secondary school students) and friends
(19% - primary school students, 36.1% - secondary
school students) (Tab. 6). The pandemic became the
time when children and youth looked at their relatives
and friends from a different perspective.

Parents are able to help “to see a wider perspective
beyond the limits and changes resulting from epidemic
situation”, whereas friends have the ability to participate
empathically in peers’ life.'s

Facing the pandemic situation and the necessary
participation in online education, factors motivating
to work were really essential. It turned out that in both
study groups the grades were very important (opinion
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expressed by 37.7% primary school students, 35% sec-
ondary school students). Primary school students men-
tioned their parents’ satisfaction (25.7%) and the fact
that they wanted to gain some knowledge (24.6%). For
secondary school students the grades were almost as
important as getting some knowledge (36%) (Tab. 7).

Table 6. Who did you ask for help when you had some
problems?

Answers Type of school
Primary  Secondary
school (%) school (%)
my mum 55.2 37.8
my dad 8.2 3.9
my siblings 8.6 10.5
my grandmother or my 2.2 1.7
grandfather
a form teacher/ a teacher 4.1 24
an educator/ a psychologist 0.7 1.9
a priest 1.1 4.1
a helpline/an institution 0.7 13
providing help
a friend 19 36.1
the head teacher 0 0.2
Table 7. What motivated you?
Type of school
Answers Primary Secondary
school (%) school (%)
the grades 37.7 35
| wanted to gain some 24.6 36
knowledge
teachers praised me 52 2.1
my parents were pleased 25.7 14.4
other 6.7 12.5

The willingness to get some knowledge in both edu-
cational groups is worth paying attention to, especially
if we take into account all the difficulties that students
had to cope with: isolation, psychosomatic problems,
concentration problems. Nevertheless, the awareness of
developing some knowledge and skills created a mature
attitude in children and teenagers and it did not elimi-
nate one of the basic educational aims.

According to WHO health is defined as a state of
complete physical, mental and social well-being. Thus
it is a key factor determining motivation. Therefore, we
asked the respondents about their feelings during the
COVID-19 pandemic. Interestingly, as it is shown in
Table 8 regardless of the age and school, approximately
40% of students were reluctant to do any activities.

The pandemic was also a stress factor for students
and a reason why they were in a bad mood. It was mani-
fested as depression and sadness. Primary school stu-
dents expressed their opinion that the pandemic did not

have a significant impact on their mental health (17.2%).
They actually pointed to tiredness resulting from com-
puter work. Some secondary school students claimed
that all the responses suggested by the authors were re-
lated to their health during the pandemic, but some in-
dividuals said that the pandemic was a factor causing
social anxiety, loneliness, helplessness. Only 17% of sec-
ondary school respondents claimed that the pandem-
ic was the positive time for their feelings because they
were able to develop their hobbies, concentrate on sec-
ondary school leaving examination preparations, man-
age time in a better way, relax and motivate to gain
general knowledge.

Table 8. How did you feel because of the COVID-19
pandemic?

Answers Type of school
Primary Secondary University
school (%) school (%) (%)
stressed 25.7 18 27
sad 16.8 234 20
reluctant to perform 40.3 36.7 38
any actions

other 17.2 219 15

University students from foreign countries who
came from the eastern Europe (Ukraine, Belarus) as well
as from Asian countries (Vietnam, South Korea) and
studying Polish as a foreign language necessary to start a
university in Poland were also taken into account. In ma-
jority they were also reluctant to do any activities (38%)
in spite of the fact that the first months spent in Poland
were supposed to prepare them for the future education
and to make it possible for them to learn about Polish cul-
ture, language, existing in society. They also felt stressed
(27%) and depressed (20%) which made it difficult for
them to learn and also made them isolated. Learning a
foreign language was an excessive burden not only be-
cause they had to be fully involved and cope with linguis-
tic difficulties but mainly because of the pandemic.

The stress factor often motivates people to learn
about its reasons and results. It is often seen in disas-
ters, wars or epidemics. That is why students were asked
if they had learnt anything about viruses and natural
sciences during the COVID-19 pandemic. As it is pre-
sented in Table 9 the knowledge about viruses did not
increase in case of only 9.7% of primary school stu-
dents, 7.7% of secondary school students and 8.1% of
university students from foreign countries.

Summing up, the knowledge about viruses was
higher among secondary school students, it can be
seen in the “yes, definitely” answers (45.5%) and
among university students (51.9%). Clearly, students
developed their knowledge about viruses on their own
or with the help of their teachers. It seems that teach-
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ers had a key role in education process because the
amount of information that appeared in public (on the
Internet, on TV, in newspapers) and was often fake,
was proportionately increasing during the pandemic.
Therefore, it was substantial to filter the latest scien-
tific knowledge published in reviewed and prestigious
magazines.

Table 9. Did you learn a lot about viruses during the
COVID-19 pandemic?

Type of school
Answers Primary Secondary  University
school (%) school (%) (%)
definitely yes 38.8 455 51.9
yes, a little 51.5 46.8 40
definitely no 9.7 7.7 8.1

However, as it is shown in Table 10 the pandemic
itself was the reason for an increased interest in natu-
ral sciences among 31.3% of primary school students,
among 20.8% of secondary school students and among
17.3% of university students from foreign countries.
The result seems to be surprising, especially among
secondary school students and university students
who chose natural sciences and who had specific in-
terests and attended specific class profiles chosen by
themselves (rarely general profiles).

Table 10. Have you become more interested in natural
science in relation to the COVID-19 pandemic?

Type of school
Answers Primary Secondary  University
school school (%) (%)
(%)
yes 313 20.8 17.3
no 68.7 79.2 82.7

As it was shown before, students during the COV-
ID-19 pandemic felt stressed, sad, reluctant to perform
any activities. However, the above mentioned gener-
al statement was influenced by different factors includ-
ing: contacts with family, parents and friends, increasing
restrictions, lockdown, dealing with problems but also
the direct presence of the virus. Therefore, the respond-
ents were asked if the COVID-19 virus was a danger
for them. Interestingly, as it is shown in Table 11, the
majority of students in both school types claimed that
the virus was just a little danger for them. About 25% of
primary school students and 21% of secondary school
students said that the virus was a significant danger for
them.

In both types of schools less than 20% of respond-
ents indicated that the virus was not a danger for them at
all. University students from foreign countries answered
in a similar way. 67.3% among them said that the virus

was just a little danger for them. 19.2% of the respon-
dents claimed that it was a significant danger for them.
13.5% pointed at the virus as no danger at all.

Table 11. Is the COVID-19 virus a danger for you?

Type of school
Answers Primary Secondary  University
school (%) school (%) (%)
yes, very much 24.6 21 19.2
just a little 57.5 60.5 67.3
itisnota 17.9 18.5 13.5
danger

A hypothesis was formulated that the main stress
factor among students was not the virus itself but the
pandemic state, as it is shown in Table 12. That is why
respondents were asked about their physical and mental
health. As it is presented in Table 12, the pandemic in-
fluenced physical health of almost half of the respond-
ents in both types of schools. Interestingly, mental health
state depended on the age of the respondents.

Table 12. Does the COVID-19 pandemic influence your
physical and mental health?

Influence on physical health

Answers Primary Secondary University
school (%) school (%) (%)
yes 489 489 346
no 511 51.1 654
Influence on mental health
yes 48.9 65.2 50
no 51.1 34.8 50

The pandemic had an impact on mental health state
of almost half of primary school students. 65% of sec-
ondary school students said that the pandemic influ-
enced both their mental and physical health.

In case of university students the pandemic did
not influence their physical health in a significant way
(65.4%). However, the impact on their mental health
was the same when we compare the positive and neg-
ative answers (respectively 50%). Therefore, it is clearly
shown that the pandemic had a crucial impact on uni-
versity students’ mental as well as physical health.

Online education during the COVID-19 pandem-
ic is on the one hand a way of contact between teachers
and students. On the other hand, as experts repeated-
ly inform, it caused sight problems. Therefore, students
were asked how much time they had spent in front of
computer screens, tablets or smartphones and what they
had used the Internet for. Interestingly, about 20% of
primary and secondary school students spent more than
6 hours a day using the Internet (Table 13.)

The majority of students in both groups spent 3
hours a day in front of the screens. As it is presented in
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Table 14 the Internet was not used mainly in order to

Table 14. What do you use the Internet for? (choose max.

take part in online lessons as it is suggested by many 3 answers)
educationists. The study shows that primary school stu- Type of school
dents used the Internet mainly to play games (almost Answers Primary Secondary University
50% of the respondents), watch films, listen to music, school (%)  school (%) (%)
do homework. Online lessons were only 20% of the having online 19.4 6.9 10.4
answers. Secondary school students used the Internet lessons
mainly to listen to music, use social media, watch films, playing games 46.6 23 6.1
contact with other people. Online lessons time was only doing 37.7 27.2 26
7% of the time spent on the Internet. Additionally, sec- ho'mewo!'k
ondary school students used the Internet to play games us';%;?;'al 28 >0.7 191
. . . |
and to do homework significantly less than primary -
watching films 39.9 433 15.7
school students. ——
listening to 384 61 17.4
) music
Table 13. How much time do you spend on the Internet a developing my 157 197 13
day? interests
: Typeofschool contacting 44 44.9 174
Answers Primary  Secondary University other beople
school (%) school (%) (%) peop
1 hour 12.3 3 0
2 hours 15.7 5.8 3.8 Table 15. How often were you physically active during
3 hours 21.3 26 13.5 . .
4 hours 17.2 23.8 23.1 online education?
g 283:2 gg }gg ?g; Answers Type of school
more 19.8 213 77 Primary  Secondary  University
school (%) school (%) (%)
In case of university students from foreign countries very rarely 12.8 10.1 3.8
the largest group (32.7%) spent 5 hours a day using the rarely 34.6 34.1 59.6
Internet. They used social media most often (19.1%), often 37.2 36.3 30.8
listened to music (17.4%), and only approximately 10% very often 154 19.5 5.8

took part in Polish as a foreign language lessons using
the Internet. Their online lessons attendance was satis-
factory. However, it is alarming that they spent a great
number of hours in front of their computer screens,
watching films or using social networking sites.

The pandemic and spending time in front of TV and
computers screens in a passive way had a bad impact
on students” physical health. Polish children body mass
has increased in the fastest way in Europe. According
to WHO in the last 20 years the number of overweight
children has grown three times and Polish teenagers are

in the world lead as far as obesity is concerned. Current-
ly in Poland 31% of boys and 20% of girls are overweight
and 13% of boys and 5% of girls suffer from obesity. Un-
fortunately, the pandemic and several lockdowns will
certainly increase the numbers. Therefore, respondents
were asked how they were keeping fit. As it is showed
in Table 15 the type of school did not influence the fre-
quency of physical activities during online education.
About 50% of students in both types of schools claimed
that they often or very often did physical exercises. Un-

Table 16. How often did you do any physical exercises before the COVID-19 pandemic and during online education?

Type of school
Answers Primary school (%) Secondary school (%) University (%)
Befor During Befor During Befor During
pandemic pandemic pandemic pandemic pandemic pandemic

once a week 9 15.8 5.8 10.7 11.5 19.2
twice a week 10.2 11.7 19.1 1.4 17.3 19.2
three times a week 12 18.8 25.5 14.8 23.1 11.5
four times a week 18.8 83 1.4 9.9 19.2 11.5
five times a week 10.2 6 4.1 9 5.8 1.9

six times a week 3.8 2.6 1.7 3 0 0
everyday 20.7 16.9 7.3 11.8 3.8 3.8
very rarely, several times a month 7.9 7.9 13.3 14.0 11.5 17.3
| didn't do any exercises 7.5 12 11.8 15.4 7.7 15.4
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fortunately, the second half of students answered “rare-
ly” or “very rarely”.

The results concerning physical exercises frequen-
cy before and during the pandemic were shown in Table
16. About 20% of primary school students and about
30% of secondary school students chose the answer
“rarely” (less than several times a month) or did not
exercise at all. However, it seems positive, that 60% of
students were active in some way at least once a week.
60% of university students answered “rarely” and only
over 30% “often”. Before the pandemic majority of re-
spondents were active twice, three or even four times a
week. During the pandemic they were often active once
or twice a week. There is also quite a large group of
university students who did not do any physical activi-
ties at all — the number of them increased during the
COVID-19 pandemic.

Discussion

In Poland, on 25 March 2020, distance learning, which
for many people was known only from literature, en-
tered into force. As a result, education could no longer
be provided in its current form and was therefore pro-
vided online. This new approach was a great logistical
challenge not only for teachers and students (often in-
cluding parents), but also verified the IT competences of
teachers at all levels of education. Due to the pandem-
ic, all didactic and educational tasks in schools were to
be carried out using distance learning techniques. Ac-
cording to the definition, distance learning is a method
of conducting the didactic process in conditions where
teachers and students are distant from each other and
are not in the same place.'° Teachers at work had to take
into account their own and their students’ technical ca-
pabilities, hardware, and software necessary to manage
distance learning. The digital technologies-based dis-
tance learning process has become a reality. A signif-
icant challenge during the pandemic in the context of
education was to ensure appropriate teacher-student re-
lations. It is an important aspect of the functioning of
the school under the conditions of direct classical teach-
ing. An individual approach was a difficult task from
the student’s perspective, especially for students with
educational problems. With the lesson time limited to
30 minutes, it seems that this task was almost impossi-
ble to accomplish. However, working with students at
distance forced teachers to conduct lessons creatively.
Nevertheless, the most important thing in remote edu-
cation in the context of students was maintaining men-
tal comfort in a situation of discouragement, anger, or
bitterness. It seems that a hard lockdown and large lim-
itations in movement and contacts with peers were of
key importance in the mental sphere of the students.
Distance learning had many advantages and disadvan-
tages. The disadvantages include the lack of contact in

the teacher-student and student-student relationship,
difficulties with concentration of students, problems
with checking the student’s independence, low physical
activity resulting from too long work at the computer,
a lot of material to learn, and problems in the organi-
zation of work. On the other hand, the advantages in-
clude individual adaptation of the workplace to learning
and active use of interactive sources of knowledge (pro-
vided by educational platforms, including publishing
houses). A certain advantage was also the time savings
resulting from the lack of commuting.

Here, we are the first to show that distance learn-
ing has a negative impact on both the mental health of
students and their physical condition. In the context
of physical condition and the increase in the number
of people with obesity in children in Poland, it seems
that the subsequent studies that will be carried out after
the pandemic will show even greater health problems
for children and adolescents. From the perspective of
physical activity, a big problem was the lack of phys-
ical education lessons, resulting in an even greater re-
duction in physical activity. Many teachers, doctors and
school management expressed their concerns about the
long time spent in front of computer screens, tablets,
or smartphones. Interestingly, our research shows un-
equivocally that during the pandemic, distance learn-
ing was only a small fraction of the time students spent
their time. As it turns out, primary school students in
particular used this time for games. Therefore, it seems
that the lack of self-discipline, hygiene at work, and
some problems in the child-parent relationship resulted
in too much time spent in front of the screens of the de-
vices. As we have shown, a big problem during distance
learning was the lowering of mood and general mental
state in the vast majority of respondents, regardless of
the study group. However, in our opinion, in the context
of science education, the pandemic had a positive im-
pact by increasing interest in science education, which
in the future may have a positive impact on the choice
of an appropriate career development path.

Some recent date from Ecuadorian students show
that 63.78% of students want to return to on-site classes
regardless of their conditions of Internet connection and
their available learning tools. In addition, older students
and students from higher semesters were found to think
that online classes are better than face-to-face classes
and want to continue in online education.'” Stressful sit-
uations can have a significant impact on education suc-
cess; however, there is not clear link between anxiety,
work, and social dysfunction related to learning impair-
ments. In the case of Brazilian students, 42.9% of the
respondents experienced symptoms of generalized anx-
iety disorders and more than half had moderate to severe
functional impairment. These data showed that psy-
chological distress and anxiety states might influence
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performance during remote learning, which highlights
the importance of investigating measures of anxiety
and functional impairment as part of the remote-learn-
ing curriculum.!® In turn, recent data also showed that
Dutch students were missing a proper structure in les-
sons and was a decreased in the understanding and en-
joyment of the students in all courses. What crucial,
teacher data demonstrate that the teachers needed guid-
ance from the schoolboard.” The COVID-19 pandem-
ic has resulted in a devastating threat to human society
in terms e.g. health, and lifestyle. As was reported, im-
mobilization due to hospitalization or inactivity due to
quarantine and social distancing can negatively regulate
the ability of many organ systems to resist to infection
and increase the probability of disease.?’ In pandemic
context and physical activity, the WHO plan is WHO
plan. To prevent and reduce inactivity, the WHO de-
signed a global plan named the Global Action Plan on
Physical Activity 2018-2030 (GAPPA) in 2017 (in
2016 goals were established). As was rightly argued,
a COVID-19 pandemic affected various aspects of our
lives, including physical activity.??2 Some studies have
shown that physical activity decreased during the pan-
demic. Therefore, the WHO should review the GAPPA
and update the goals according to the state of physical
activity after the pandemic.?

In general, our findings seem to be in line with gen-
eral trends around the world. And this mainly concerns
the deterioration of the psychophysical state of the hu-
man population. After the pandemic has resolved, sub-
sequent psychophysical health monitoring studies
should be performed to verify the impact of the pan-
demic on children and adolescents.

Conclusion

There has been a significant impact of COVID 19 on
students in elementary school, high school, and college.
This resulted in negative mental and physical effects.
Respondents were stressed, depressed, and unmotivat-
ed. Approximately half of them engaged in physical
activity very rarely or rarely. Even though they were
satisfied with online learning, which was caused by the
Coronavirus pandemic, the greatest problem was men-
tal - concentration problems, lack of motivation, and so-
cial isolation.
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ABSTRACT

Introduction and aim. A small number of critically ill patients with coronavirus disease (COVID-19) develop thromboembolism
(arterial or venous), both micro- and macrovascular complications such as deep vein thrombosis, pulmonary embolism, and
pulmonary arterial thrombosis. The objective of the study is to describe the pathophysiology of venous thromboembolism
in patients with COVID-19.

Material and methods. In this article a narrative review regarding pathophysiology of thromboembolism in patients with
COVID-19.

Analysis of the literature. The development of coagulopathy is a consequence of the intense inflammatory response associ-
ated with hypercoagulability, platelet activation, and endothelial dysfunction. The pathophysiology that relates pulmonary
thromboembolism (PTE) with COVID-19 is associated with a hypercoagulable state. PTE is suspected in hospitalized patients
presenting dyspnea, decreased oxygen requirement, hemodynamic instability, and dissociation between hemodynamic and
respiratory changes. In COVID-19-associated coagulopathy, initially, patients present with elevated levels of fibrinogen and
D-dimer, with minimal changes in prothrombin time and platelet count. The main risk factor for the development of pulmo-
nary embolism is the increase in D-dimer that is associated with the development of PTE. The administration of iodine-based
contrast agent to patients with COVID-19 would affect P-creatinine and renal function, where Ultrasound is viewed as cost-ef-
fective and highly portable, can be performed at the bedside.

Conclusion. Acute respiratory distress syndrome severity in patients with COVID-19 can explain PTE as a consequence of an
exaggerated immune response.

Keywords. acute respiratory distress syndrome, COVID-19, pathophysiology, pulmonary embolism, thromboembolism
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Introduction

Coronavirus disease 2019 (COVID-19), caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), was first identified in December 2019 in
Wuhan, China, and the number of COVID-19 cases
continues to increase, causing global medical, social,
and economic issues.'?

In severe cases, COVID-19 can be complicated by
the acute respiratory distress syndrome (ARDS), sep-
sis and septic shock, multiorgan failure, including acute
kidney injury and cardiac injury.* ARDS causes lung
injury that occurs in response to various events and is
characterized by inflammation, increased lung vascu-
lar permeability, and lung tissue with reduced aeration.
Reduced lung compliance is linearly related to impaired
oxygenation indicates loss of aeration leading to hypox-
emia (a hallmark of ARDS pathophysiology).” A small
number of critically ill patients with COVID-19 develop
thromboembolism (arterial or venous), both micro- and
macrovascular complications such as deep vein throm-
bosis, pulmonary embolism (PE), and pulmonary arte-
rial thrombosis. Thromboembolic events (TEE) are a
serious complication that produces an increase in mor-
bidity and mortality.®

Aim

Along with the measures used to stop the spread of in-
fections, a useful strategy was the massive acquisition
and execution of diagnostic tests. The objective of the
study is to describe the pathophysiology of venous
thromboembolism in patients with COVID-19.

Material and methods
In this article a narrative review regarding pathophysi-
ology of thromboembolism in patients with COVID-19.

Analysis of the literature

Etiopathogenesis of COVID-19-associated coagulopathy
The development of coagulopathy is a consequence of
the intense inflammatory response associated with hy-
percoagulability, platelet activation, and endothelial
dysfunction. Coagulopathy is mainly thrombotic, ini-
tially in the lung and later systemic, micro- and mac-
rovascular complications associated with endothelial
damage, inflammation, neutrophil extracellular traps
(TENs), macrophage activation, and cytokine storm
that perpetuate the vicious circle of thrombosis and in-
flammation (Fig. 1). The pathophysiology of thrombotic
complications is complex, there are prothrombotic risk
factors, including a severe inflammatory response with
the production of cytokines, hypoxia, prolonged immo-
bilization, and disseminated intravascular coagulation.'

Immune response

SARS-CoV-2 uses angiotensin-converting enzyme 2
(ACE2) receptors to infect lung cells, similarly, tissue
damage occurs in endothelial cells, releasing cytokines,
interleukin IL-1, IL-2, IL-6, and tumor necrosis fac-
tor-alpha that activate the coagulation cascade. During
the early stage of COVID-19, ACE2 decreases followed
by an increase in plasma angiotensin 2 increases, which
in turn leads to vasoconstriction, platelet activation, and
cytokine release syndrome."”> ACE2 expression is pre-
dominantly seen in pneumocytes, in the endothelium,

[ SARS-CoV-2 ]

|

[ Exaggerated immune response ]

|

( Immunothrombosis 4——*[ Cytokine Storm ]4——»( Endothelial dysfunction J

Occlusion of the
Microcirculation

Platelet -l-'i' Monocyte
Activation Activation

Activation of

Hemostatic system

————— [ Thrombeosis J

Fig. 1. Schematic representation of the mechanism responsible for the activation of the hemostatic system and thrombosis

after SARS-CoV2 infection
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and macrophages, apart from lung ACE2 expression are
also observed in respiratory epithelial cells, enterocytes,
and smooth muscle cells."

SARS-CoV-2 penetrates alveolar epithelial cells
through the ACE2 receptor. Viral replication triggers
complement activation, with the formation of C3a and
C5a, including neutrophils, macrophages, lymphocytes,
and monocytes, responsible in turn for the massive re-
lease of IL1, IL-6, IL-8, and interferons that favor the
tissue factor and thrombomodulin expression and en-
dothelial adhesion molecules, which activates fibrino-
lysis.'® The increased expression of tissue factor and
thrombomodulin is responsible for the activation of the
hemostatic system. An endothelial and platelet activa-
tion causes an imbalance between thrombin with fibrin
deposition, microangiopathy, and tissue damage.

Thrombosis

Thrombosis is a hemostatic response that leads to the
formation of thrombi that obstruct blood flow. An em-
bolism occurs when the clot breaks from the site of orig-
ination, travels through the bloodstream, and blocks a
blood vessel in another tissue or organ. The alpha-gran-
ules of activated platelets release platelet factor 4, at-
tracts and activates neutrophils leading to the formation
of NETs and followed by leukocyte-platelet aggregates.'¢

COVID-19 and thromboembolism

COVID-19 predisposes to venous thromboembolism
(VTE) with pulmonary thromboembolism (PTE) and
reported in autopsies of patients with COVID-19.' PTE
occurs between 9-12 days after the onset of symptoms
and even 23% of patients received thromboprophylaxis
developed PTE. So far, there is no evidence linking the
development of PE and longer intubation time in criti-
cally ill patients with COVID-19."® The pathophysiolo-
gy that relates PTE with COVID-19 is associated with
a hypercoagulable state. The systemic inflammatory re-
sponse syndrome and endothelial dysfunction is associ-
ated with activation of coagulation, increased thrombin
generation, and decreased anticoagulation. In 11.6% of
hospitalized patients with COVID-19 despite thrombo-
prophylaxis, VTE is reported and increased to 15.7% in
hospitalized patients with COVID-19 admitted to the
intensive care unit."”” The prevalence of PTE in patients
with COVID-19 is 16% higher than in those patients
without COVID-19.% PTE is suspected in hospitalized
patients presenting dyspnea, decreased oxygen require-
ment, hemodynamic instability, and dissociation be-
tween hemodynamic and respiratory changes.

Pathogenesis of COVID-19-associated coagulopathy

In COVID-19-associated coagulopathy, initially, pa-
tients present with elevated levels of fibrinogen and
D-dimer, with minimal changes in prothrombin time

and platelet count. Coagulopathy can be diagnosed by
increased D-dimer, elevated levels of fibrinogen (initial-
ly fibrinogen increases in the acute phase and later de-
creases to <100 mg/dL in patients with poor prognosis).
Prothrombin time, partial thromboplastin time, and
platelet count are within normal limits.?! The main risk
factor for the development of PE is the increase in D-di-
mer and an increase in D-dimer >6 ug/mL is associated
with the development of PTE with an OR 4.8 (CI 3.2-
7.2). The elevation of D-dimer is associated with a dis-
ease progression from mild or moderate stage to a more
severe disease stage, with intensive care unit admission
and an increase in mortality due to the fibrinolysis in
the airway and the alveoli of the lung. In this extravas-
cular fibrinolysis, inflammatory cells invade lung tissue
because of fibrin deterioration and increased D-dimer
levels, which justifies the correlation with the severity
of the lung disease and not only due to TEE. The con-
centration of D-dimer, a protein fragment present in the
blood resulting from clot degradation that is common-
ly found in patients with the suspected thrombotic dis-
order and significantly increased in the patients with
ARDS.#

Non-hospitalized immobilized patients with
COVID-19 had a cumulative effect on TEE risk but hos-
pitalization can also lead to TEE and PE in non-immo-
bilized patients.

Computerized axial tomography scan

Computed Tomography (CT) pulmonary angiogram is
the investigation of choice in patients with suspected PE
because it allows adequate visualization of the pulmo-
nary arteries till the subsegmental sections (Fig. 2).

Fig. 2. Computed Tomography pulmonary angiogram
showing acute pulmonary embolism (red arrows) in right
lower lobe pulmonary arteries

Most number of emboli were observed in segmen-
tal section (51%), lobar (31%), central (13%) and sub-
segmental 5.5%.7 CT has 83% sensitivity and 96%
specificity for the diagnosis of PE and showed a high
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negative predictive value of CT angiography. The admin-
istration of iodine-based contrast agent to patients with
COVID-19 would affect P-creatinine and renal func-
tion. Moreover, critically ill patients with COVID-19 are
at increased risk of contrast-induced acute kidney injury
but acute kidney injury was not associated with the ad-
ministration of iodinated contrast material.** Compared
to CT, Ultrasound is viewed as cost-effective and high-
ly portable, can be performed at the bedside, therefore
a promising alternative to address these requirements.”
Currently, extremity venous Doppler ultrasound for
deep vein thrombosis is recommended for symptom-
atic patients and bedside echocardiography helps diag-
nose PE-associated findings (right ventricular dilatation
or dysfunction and intracardiac thrombus), indicating a
clot-in-transit.*

Conclusion

ARDS severity in patients with COVID-19 can explain
PTE as a consequence of an exaggerated immune re-
sponse.
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ABSTRACT

Introduction and aim. The medicinal properties of Cornus mas L. have been used in European and Asian folk medicine for many
centuries in the prevention and treatment of many diseases. The high biological activity of the plant results primarily from the
presence of valuable ingredients, including anthocyanins, flavonoids and iridoid compounds. The aim of the article is to pre-
sent the role of bioactive ingredients present in C.mas that determine its health-promoting properties.

Material and methods. Review and analysis of the scientific literature.

Analysis of the literature. The summarize information about in the field of phytochemical properties and therapeutic effects,
among others anticancer, antidiabetic, neuroprotective, cardioprotective and antibacterial.

Conclusion. The results of many in vitro and in vivo scientific studies They indicate the possibility of the potential use of Corne-
lian cherry to obtain valuable nutraceutical and pharmacological substances

Keywords. bioactive compounds, cornelian cherry, Cornus mas L., medicinal plant

for many years due to their numerous medicinal and nu-
tritional values (Fig. 1).?

The high biological value results mainly from the
content of biologically active substances, mainly antiox-
idants that determine the antioxidant activity.

The conducted phytochemical studies of Cornelian
cherry fruits indicate the presence of numerous valu-
able bioactive ingredients from the group of polyphenolic
compounds (mainly anthocyanins, flavonoids and pheno-
lic acids), triterpenoids and pectin.*® Anthocyanins also
affect the color of Cornelian cherry fruits, and the total
content of anthocyanins ranges from 35 to 300 mg/100g
depending on the color of the fruit. The amount of antho-
cyanins in the skin fruit can reach even 650-850 mg/100g,
while in the flesh it contains only 35-120 mg/100g.?

Introduction

Cornelian cherry (Cornus mas L.,) is a fruit plant be-
longing to the Cornaceae family is a tall shrub or a small
tree. It occurs naturally mostly in central and south-ea-
stern Europe as well as south-central and western Asia.
The latin name Cornus mas L. comes from the word
»Cornu® - horn, and ,,maschile” - hardwood. The beauti-
tul yellow flowers of the edible dogwood develop before
the leaves appear and are decisive for its classification as
ornamental plants. Ripe, small stone fruits with a dark
or cherry-red color, and less often pink or yellow with
a sweet and sour taste are used in the kitchen to prepa-
re, among others. marmalades, wines, tinctures."? Flo-
wers, leaves and fruit have been used in folk medicine
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Whereas C. mas leaves contain 113-117 mg/g dry weight
of polyphenolic compounds, and flavonols 33-35 mg/g dry
weight but no anthocyanins.” The richest source of flavo-
noids are flowers.® The presence of other bioactive ingre-
dients was also found in C. mas varieties, such as ascorbic
acid and iridoid compounds, mainly loganic acid.'**®

Fig. 1. Cornus mas L. fruit (photograph by Maria Strzepa)

The content of vitamin C varies greatly depending
on the variety and ranges from 50 to 100 mg/100 g, and
some varieties may even contain 200 mg/100 g of ascor-
bic acid.»"*!'” Carotenoids and fatty acids are also pres-
ent.”” The largest amount of fat is in the seeds (4.5%) and
the main fatty acid is linoleic acid.”

The body's defense mechanism reduces the free rad-
icals formed in the body. Long-term, too high level of
free radicals that are not neutralized in the body by the
antioxidant mechanism is conducive to the formation of
oxidative stress.'® Oxidative stress increases the risk of
developing diseases, including cancer, metabolic disor-
ders, and the antioxidants present in the diet prevent the
formation of oxidative stress affecting human health.”

The presence of bioactive compounds, mainly an-
tioxidants, in C. mas determines its biological activity.

C. mas showing high antioxidant activity, i.e. the ability
to neutralize free radicals thanks to numerous bioactive
compounds determined by the DDPH, ABTS and FRAP

tests 9,15,20-26

Aim

This article presents the results of in vitro, in vivo and
human studies determining the pro-health effects of C.
mas: antitumor, supporting diabetes treatment, cardi-
oprotective and antihyperlipidemic, hepatoprotective,
neuroprotective, and antimicrobial. Modern scientif-
ic research also focuses on important aspects of phy-
tochemical analysis, evaluation of the pharmacological
aspect, toxicology of extracts from fruits, leaves, flowers
of C. mas for the possibility of their use as a safe medi-
cine or supplement for patients.

Material and methods
Review and analysis of the scientific literature.

Analysis of the literature

Antitumor activity

The results of scientific research indicate that these nat-
ural substances, among others phenolic compounds,
waveguides present in fruits, leaves and flowers of C.
mas influence the growth of neoplastic cells in vitro.”” %
By inhibiting the proliferation of neoplastic cells (cyto-
static effect) and reducing their survival due to induc-
tion of apoptosis (cytotoxic effect), they determine the
antitumor and cytotoxic properties of C. mas.?**

In their research, Savikin et al. assessed the cytoto-
xicity, antioxidant properties and chemical compositi-
on of methanol extracts from Cornus mas leaves and
flowers. The cytotoxicity was determined on the basis
of the metabolic activity of the cells determined by the
MTT test. They showed that methanol extracts at a con-
centration of 200 pug/mL from C. mas flowers or leaves
inhibited the growth of human cervix adenocarcinoma
cells (HeLa) and human colon carcinoma (LS174) cells
lines after 72 h of incubation.”

In vitro studies by the Yousefi research team demon-
strated cytotoxicity of 80% ethanol extracts from C.mas
fruit against human ovarian cancer cells (SKOV3), bre-
ast adenocarcinoma cells (MCF-7), prostate adeno-
carcinoma cells (PC-3) and lung non small cell cancer
(A549). The analyzed doses in the concentration range
of 5, 20, 100, 250, 500, 1000 pg/mL showed a high cyto-
toxic effect on the cells of all types of tested neoplasms.*
Scientific results of Forman et al. they also showed in-
hibition of the viability of the aqueous extract of C. mas
fruit against the MCF-7 cell line.** In contrast, C. mas
juice with a concentration of 0.007-1% shows cytotoxic
activity against human liver carcinoma cells (HepG2),
human colon cancer cells (Caco2 and HT-29).%¢
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Antidiabetic activity

Preparations based on C. mas reduce the level of gluco-
se in the blood and increase the sensitivity of tissues to
insulin. The results of the research proved the relation-
ship between the presence of polyphenols, such as an-
thocyanins and flavonoids in fruits, and the inhibition
of a-glucosidase activity and the reduction of postpran-
dial blood glucose levels.’”*

The studies assessed the effect of an extract derived
from the fruit of C. mas on glycemic control in people
with type 2 diabetes. It has been shown that their dai-
ly consumption of these extracts increases insulin levels
and thus improves glycemic control. In addition, it also
reduces the level of serum triglycerides, which are often
abnormal in people with type 2 diabetes.”” On the other
hand, ursolic acid present in C.mas fruit causes glucose
uptake by activating the insulin receptor.*!

Cardioprotective activity

Research results indicate an important role of Cornelian
cherry fruit in the treatment of metabolic disorders. The
results of scientific studies indicate a close relationship
between the antioxidant properties of C. mas, resulting
from the presence of anthocyanins and iridoids in fruits,
and the cardioprotective and antihyperlipidemic activity
in the human body.

Atherosclerosis is recognized as a civilization disease
and the main cause of death all over the world. Due to
their valuable pro-health properties, anthocyanins, which
are phytochemicals, effectively prevent the development
of dyslipidemia.’®* The research results indicate that the
antioxidant and anti-inflammatory properties of C. mas
may have a positive effect on the health of patients with
hypercholesterolaemia.®® This effect may be due to the
presence of anthocyanins, which inhibit the expression of
lipogenic enzymes in adipose tissue and liver, and reduce
the activity of lipoprotein lipase in visceral adipose tissue
and increase it in muscles.***> Sozanski et al. in their in
vivo studies in an animal model showed that the C. mas
L. fruit lysate present in the diet for 60 days reduced the
level of triglycerides in the blood serum by 44% and effec-
tive prevention of atherosclerotic changes in the thoracic
aorta by activating the expression of PPARa. Additional-
ly, the significant influence of C. mas L. on the oxidative
stress in the liver induced by the diet and the normaliza-
tion of the elevated level of pro-inflammatory cytokines
in the serum was assessed.’

Hosseinpour et al. observed that after administer-
ing the dried powder obtained from the fruit of C.mas to
rats for a period of 4 weeks, a decrease in the level of tri-
glycerides and LDL-C, an increase in HDL-C and an in-
crease in the antioxidant capacity of the liver.* Further
studies on an animal model confirm the above results
of the effect of the dried powder from C. mas fruit for 4
weeks to reduce cholesterol and triglycerides.*”

Subsequent studies focused on the analysis of bio-
active compounds present in C.mas fruits and their in-
fluence on the activity of pancreatic lipase. Iridoids
(loganic acid, cornuside) and anthocyanins (pelargoni-
din 3-O-galactoside) were identified in the fruit extract
of C. mas using the HPLC-DAD-MS (high-performance
liquid chromatography coupled with diode-array detec-
tion and tandem mass spectrometry techniques) tech-
nique. A subfraction of C.mas extract at a concentration
of 7.5 pg/mL which contained pelargonidine 3-O-galac-
toside decreased pancreatic lipase activity by 28.3+1.5%,
but loganic acid and cornucid did not inhibit it. The re-
sults of the research suggest that the ability of C. mas
fruit to inhibit the activity of pancreatic enzymes and
their use in the prevention of hyperlipidemia.*

In the scientific literature, there is a link between
endocrine hormones and metabolic diseases. Cortisol
plays a significant role in the metabolism of cholester-
ol.* In animal studies, plasma cortisol levels decreased
after the introduction of C.mas fruit supplementation.®
Following the introduction of C. mas fruit supplemen-
tation to the daily diet of children and adolescents with
dyslipidemia for 6 weeks, an improvement in the lipid
profile and vascular inflammation was observed.

Research by the team of Asgary et al. and Rafie-
ian-Kopaei et al. indicate a very valuable anticoagulant
effect of C. mas. The results of in vivo studies on an an-
imal model showed that consumption of C. mas dried
fruit powder may be beneficial in the group of patients
with atherosclerosis due to its lowering effect on plasma
fibrinogen levels.*>*

Gholamrezayi et al. in their research on the effect of
C. mas fruit extract on lipid profiles and leptin parameters
in postmenopausal women. After 8 weeks of daily sup-
plementation, the weight of the group of women did not
change, as did the waist circumference, the ratio of LDL/
HDL and TC/HDL and the leptin concentration, but the
HDL levels increased compared to the control group.™

Hepatoprotective activity
The metabolism of xenobiotics in the body can lead to
liver damage, resulting in carcinogenic transformation
or inflammation. In vivo studies on an animal model
have proven the protective effect of C. mas fruit extract
on the liver by maintaining its biological functions and
reducing the degree of damage.*®

Alavian et al. demonstrated the protective effect of
C. mas fruit extract, rich in antioxidants and anthocya-
nins, on the liver of male rats against hepatotoxicity in-
duced by CCl,. After 14 days of oral administration of C.
mas fruit extract (200 and 500 mg/kg body weight/d) to
these rats, they observed a reduction in elevated levels
of the following enzymes: aspartate transaminase (AST),
alanine aminotransferase (ALT) and alkaline phospha-
tase (ALP).»®
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In subsequent in vivo studies, the protective effect of
Cornus mas fruit extract on the liver of healthy rats was
indicated. These extracts (50, 200 and 400 mg/kg body
weight) administered daily for 3 weeks to rats caused
a decrease in the levels of the enzymes: AST, ALT and
ALP in the blood serum at doses of 200 and 400 mg/
kg. There were also no pathological changes in the liv-
er tissues.

Some drugs used in the treatment of cancer and au-
toimmune diseases cause side effects by toxic to the liv-
er and lead to its damage. Scientists have attempted to
evaluate the medicinal effect of C. mas fruit extract on
drug-induced liver damage.

In vivo studies were conducted with the administra-
tion of the anti-cancer drug Methotrexate to hepatox-
ic rats. Rats were simultaneously administered the drug
and the extract of freeze-dried fruit C. mas (300, 700,
1400 mg/kg body weight). The levels of some enzymes
in the liver were determined: direct and indirect total
bilirubin, AST, ALT, ALP, and lactate dehydrogenase
(LDH). It was observed that the dose of 700 and 1400
mg/kg of body weight of C. mas extract significantly
counteracted the changes caused by this drug, includ-
ing: the levels of AST, ALT, ALP enzymes; direct biliru-
bin and LDH demonstrating a hepatoprotective effect.”

On the other hand, Abasi et al. undertook an eval-
uation of the effect of C. mas fruit extracts (CMFE) on
liver changes caused by the anticancer drug cisplatin.
The drug administered to rats caused a decrease in the
antioxidant activity of the liver enzymes: SOD, GPx,
TAC and CAT, and increased the activity of MDA and
decreased the levels of AST, ALT and ALP in the serum.
For 16 days, the administration of freeze-dried fruit ex-
tract of C. mas (300 and 700 mg/kg body weight) to rats
increased the level of antioxidant activity of liver en-
zymes and enzymes in the serum in relation to chang-
es caused by the action of cisplatin. It was also observed
that after treatment with C. mas extract, the histologi-
cal structure of the liver tissue was close to that of nor-
mal histology. The content of antioxidants and phenolic
compounds in C. mas fruit counteracts oxidative stress
and histological changes in the liver in rats caused by
the action of this drug.

Neuroprotective activity

Neurological disorders are caused by excess free radi-
cals in the body. The excess of free radicals promotes the
development of oxidative stress negatively affecting the
human body, especially brain tissue.” C. mas as a rich
source of antioxidants from the group of polyphenols
mainly flavonoids, anthocyanins and vitamin C may re-
duce the level of free radicals. Flavonoid derivatives as
antioxidants play an important role in pathophysiology
of many diseases, including neurological disorders (eg.
Alzheimer's disease). Resveratrol, belonging to the fla-

vonoid group, protects neurons from the toxic effects of
beta-amyloid protein, which plays a role in the develop-
ment of Alzheimer‘s disease, and reduces the frequen-
cy of neuronal death in the hippocampus.* In contrast,
catechin and epicatechin flavonoids protect brain cells
against damage caused by free radicals. Vitamin C ac-
tively participates in the process of myelination of the
brain and is a neuromodulator.®® As an antioxidant, it
reduces lipid peroxidation and strengthens the structure
of cell membranes. neuroprotective.>*2¢

Francik et al. evaluated the effect of freeze-dried C.
mas fruit on the diets of control, fructose and high fat
rats. The addition of dried fruit of C. mas to the diet
led to an increase in the activity of catalase (an antioxi-
dant enzyme) present in the brain tissue and inhibition
of the process of protein oxidation, leading to a reduced
amount of carbonyl and thiol groups in the brain tis-
sue and plasma.” The results of studies assessing the ac-
tivity of paraoxonase-1 (PONI1) in rats after a 5-week
diet with 10% of C.mas fruit juice showed its increase in
plasma, but not in the liver. The increase in the activity
of PON1 protects the LDL fraction and prevents its ox-
idation caused by oxidative stress. Because PON1 is an
enzyme that plays a role in protecting against oxidation
of, inter alia, two cholesterol fractions; LDL and HDL
ensure the hydrolysis of activated phospholipids and lip-
id peroxides.®!

The results of the research show that C. mas, a rich
source of antioxidants, can be used to support treatment
and to prevent neurological diseases.

Antimicrobial activity

The results of scientific works also indicate the antimi-
crobial properties of C. mas.”** The results indicate
that after the incubation of water extracts of C. mas fruit
with the strains of bacteria Staphylococcus aureus and
Pseudomonas aeruginosa causing infectious diseases,
their growth was inhibited.** Milenkovi¢- Andjelkovi¢
et al. analyzed the antibacterial and antifungal activi-
ty of fruit, leaves and seeds, bark of C. mas. They ob-
served that only methanol and ethanol extracts from
seeds, leaves and bark showed antimicrobial activity.
The greatest effect was shown by leaf extracts against
the bacteria S. aureus and the fungus Candida albicans
compared to methanol extracts from seeds and bark of
C. mas.** Subsequent studies indicate high antimicrobi-
al activity against Bacillus subtilis, B. cereus, Escherichia
coli and Serratia marcescens juice, methanolic and aque-
ous fruit extracts of C. mas.*

Krzystak et al. assessed the antimicrobial potential
of extracts derived from seeds, leaves, bark and fruit.
Among the tested microorganisms, the most suscep-
tible strains were: S. aureus, E. coli and the fungus C.
albicans.®” Additionally, Antolak et al. indicated that
phytochemicals found in plant raw materials may re-
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duce the adhesion bacteria of the genus Asaia spp.
present in food products and juices. Identified by HPLC
and LC-MS techniques in the juice of C. mas antho-
cyanins (cyanidin-3-glucoside: 0.28 + 0.039 pg/mL,
petunidin-3-glucoside: 0.380+0.052 pg/mL, cyani-
din-3-robinobioside: 0.321+0.041 ug/mL, pelargoni-
din-3-robinobioside: 0.302+0.022 pug/mL) and phenolic
compounds (quercetin, quercetin-3-glucoside, myrice-
tin-3-galactoside) prevent the loss of the organoleptic
quality of food and plant preparations %

Toxic activity

It is very important to define the safe amount of use of
medicinal products derived from C. mas for patients as
a herbal medicine. The results of clinical trials with hu-
man subjects indicate that daily consumption of 100 g of
fresh C. mas fruit for 6 weeks does not show any toxic
effects on the human body.> Subsequent studies inves-
tigated the safety of taking anthocyanins isolated from
C. mas as supplements. They showed no adverse effects
at the amount of 600 mg/day taken by adult diabetic pa-
tients over a period of 6 weeks.

Conclusion

C. mas is a very popular plant in Europe and Asia with
high biological activity. Its beneficial pro-health effects
are confirmed by the results of many in vitro and in vivo
scientific studies presented in this article. They indicate
the possibility of the potential use of Cornelian cherry to
obtain valuable nutraceutical and pharmacological sub-
stances. However, it is necessary to conduct further scien-
tific research, mainly clinical on a large study group and
long-term, together with an assessment of possible levels
of toxicity, in order to consider leaves, fruits, flowers as a
safe herbal medicine. It is also important to analyze the
aspect of interaction of C. mas extracts with drugs already
used in the treatment of a given disease entity.
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of hepatic encephalopathy due to cirrhosis — a case report
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ABSTRACT

Introduction and aim. Hepatic encephalopathy (HE) associated with cirrhosis of the liver is a neuropsychiatric syndrome, with
symptoms ranging from barely detectable changes to deep coma. It frequently occurs in the form of episodes and relapses
and can be triggered by external factors. HE severity is graded according to the West Haven criteria. The aim of the study is to
draw attention to the ever-important and often key role of electroencephalography in the diagnosis of hepatic encephalopa-
thy, even in today’s era of increasingly advanced diagnostic methods.

Description of the case. A 57-year-old patient, professionally active at the time, was admitted to the hospital’s Neurology De-
partment on an emergency basis due to difficulties with standing and moving, orientation disorders and limb tremor.
Conclusion. While HE pathogenesis is multifactorial, the most important factors include increased brain exposure to ammonia,
intestinal dysbiosis, and endotoxemia inducing a systemic inflammatory response. Patient observation, blood laboratory tests,
neuropsychological tests and neurophysiological tests (EEG and evoked potentials) play an important role in establishing the
diagnosis. Treatment and secondary prevention of hepatic encephalopathy include elimination of triggers and reduction of

ammonia production and improvement of its metabolism.

Keywords. ammonia, cirrhosis, electroencephalography, encephalopathy, triphasic waves

Abbreviations: EEG - electroencephalography, HE -
hepatic encephalopathy, MRI — magnetic resonance im-
aging, CT - computed tomography

Introduction

Hepatic encephalopathy (HE) is one of major compli-
cations of liver cirrhosis, dramatically impairing the
general condition of cirrhotic patients and increasing
the risk of death due to hepatic causes. Upon diagno-
sis of cirrhosis, HE is present in 10-14 of patients, while
the risk of the first episode occurring within 5 years is
5-25%."* During cirrhosis decompensation, ECT is diag-
nosed in 16-21% of cases. Improvement in liver function
usually leads to regression of HE symptoms, although
neuropsychiatric changes may sometimes become per-

manent.’ The condition was first described in 1893 by
Nencki, Pavlov and Zaleski, who found ammonia imbal-
ance caused by portal-systemic anastomosis in dogs to
be the reason for neurobehavioral changes (aggression,
irritability, ataxia, convulsions and coma).*

Ammonia is produced in the intestines through the
bacterial metabolism of amines, amino acids, purines
and urea. It is produced in smaller amounts in the in-
testinal epithelium. Under physiological conditions,
ammonia that has entered the bloodstream is large-
ly metabolised by the liver; trace amounts of ammonia
are metabolised by the skeletal muscles and the brain.
Ammonia is converted to urea in the hepatocytes of the
peripheral zone of the hepatic lobe, Krebs cycle, and to
glutamine in the hepatocytes of the central zone of the
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lobe.” In decompensated cirrhosis, the liver’s capacity
for metabolising ammonia decreases by approximately
80%, while its metabolism by the skeletal muscles and
the brain increases accordingly.®’

AMMONIA

OXIDATIVE AND GLUTAMINE

NITROSATIVE STRESS

\
'4

BBB IMPAIRMENT
CEREBRAL EDEMA

NEUROTRANSMISSION
DISORDERS

IMPAIRED ENERGY METABOLISM

/o

PRO-INFLAMMATORY

BENZODIAZEPINES

CYTOKINES BILE ACIDS

Fig. 1. Disturbances in the circulation of ammonia

As a gaseous substance, ammonia crosses the
blood-brain barrier inhibiting cellular membrane po-
tentials and impairing the function of neurotransmit-
ters (Fig. 1). However, ammonia concentration does not
correlate with the clinical expression of HE, which sug-
gests involvement of other brain toxic bacterial prod-
ucts, such as mercaptans, y-aminobutyric acid (GABA),
phenols, short- and medium-chain fatty acids and oxin-
doles.®’ The latter, by inhibiting the activity of sodium
channels in the brain, may lead to impaired conscious-
ness and coma.

Hepatic encephalopathy covers a whole range of po-
tentially reversible neurological and psychiatric disor-
ders that affect intellectual, cognitive and personality
functioning.'® Patients suffer from, inter alia, memory
impairment, orientation and concentration disorders,

structural apraxia, behavioural changes (irritability,
euphoria) and disturbance of the circadian rhythm of
sleep." Neurological examination reveals slowness of
movement, dysarthria, coarse tremor and/or pyrami-
dal signs. Impaired consciousness may progress from
clouding to deep coma without response to stimuli."

HE has been divided into 5 grades of clinical ad-
vancement according to the West Haven classification
(Table 1)." This division is largely subjective as the tran-
sition between subsequent stages is continuous rather
than staged.

The simplified West Haven classification divides he-
patic encephalopathy into latent and overt forms. The
latent form includes minimal hepatic encephalopathy
(MHE), but also Grade 1 HE, with discreet conscious-
ness disorders, mood changes, impaired focus, impaired
attention and problems with performing simple math-
ematical operations." Characteristic features of MHE
are the absence of abnormal neurological examination
and discreet cognitive and attention disorders that can
only be detected through a neuropsychological exami-
nation. This form occurs in over 50% of patients with
liver cirrhosis and its diagnosis requires a series of neu-
ropsychiatric tests, preferably two due to the likelihood
of impairment of various cognitive functions."

The first symptoms of overt hepatic encephalopathy
are confusion and lower motor activity. Coma may oc-
cur frequently within several days. Many patients show
characteristic trembling and fluttering of the hands
(tremor, asterixis) and have unpleasant mouth odour.
Trembling tongue or eyelids are equivalents of asterixis.
Asterixis is not specific to HE (it may occur even in pa-
tients with impaired kidney function, congestive heart
failure, after overdosing of certain drugs or in carbon
monoxide poisoning) and is a consequence of loss of
nervous system control over the motor activity of skel-
etal muscles. The handgrip strength in patients with

Table 1. Grading of hepatic encephalopathy according to the West Haven criteria

Grade State of consciousness

Intellect and behaviour

Neurological findings

0 Normal No or minimum impairment of memory, intellec-  Normal examination (no asterixis)
tual function and motor coordination
1 Sleep-wake disorders — Shortened attention span Mild asterixis

hypersomnia orinsomnia Lower intellectual function — impaired addition or

Change of handwriting

subtraction; forgetfulness
Irritability; alternating euphoria and depression

2 Disorientation Lethargy

Slurred speed

Obvious asterixis and shaky hands

and apathy Significantly impaired intellectual function; person- Dysarthria
ality changes; inappropriate behaviour Weakened tendon reflexes
3 Confusion Inability to perform intellectual tasks Exaggerated tendon reflexes

Somnolent but arousable

Gross disorientation as to time and place

Babinski reflex

Retrograde amnesia; periodic bouts of rage; delu-  Nystagmus; extrapyramidal symp-
sions; incomprehensive speech toms

4 Coma with or without
response to painful stimuli

Impossible to assess (coma)

Decerebration
Dilated pupils not reacting to light
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asterixis varies between strong and weak. In addition,
patients with HE display extrapyramidal symptoms re-
sembling Parkinson’s disease (bradykinesia, slowness of
speech, hypomimia, tremor, dyskinesia).'¢

Hepatic myelopathy as a symptom of late-stage cir-
rhosis may mimic HE. Such patients suffer from motor
function disorders that prevail over the neuropsychiat-
ric disorders; they may take the form of spastic para-
plegia with exorbitant tendon reflexes. In the event of
convulsions, severe hyponatraemia should be excluded
in the first instance."”

The International Society of Hepatic Encephalop-
athy and Nitrogen Metabolism recommends diagnosis
of overt HE only after appearance of disorientation or
coarse hand tremor."*

Taking into account the duration of symptoms, clin-
ically evident HE was classified into episodic (symptoms
recurring after more than 6 months), recurrent (when
the subsequent relapse occurs within 6 months) and
chronic. Chronic HE occurs on an ongoing basis but its
severity fluctuates. In its induced form, hepatic enceph-
alopathy accounts for about 90% of all cases. The most
common HE-inducing factors are bacterial infections,
diuretics, bleeding, constipation, electrolyte disturbanc-
es or therapeutic paracentesis.'"

Diagnosis of HE is primarily based on the patient’s
medical history and physical examination to check for
typical symptoms, such as metabolic tremor. Laborato-
ry testing comprises basic biochemical tests, including
assessment of liver enzymes, blood ammonia concen-
tration, peritoneal puncture fluid test, coagulogram,
albumin, as well as neuropsychological and neurophys-
iological tests (EEG and evoked potentials). EEG may
reveal nonspecific changes, such as generalised slowing
of basic activity, or abnormalities more typical of HE,
such as bilaterally synchronous delta waves and tripha-
sic waves, mainly above the frontal lobes. Sharp waves
are superimposed over slow waves in the frontal lobe
area or appear in a generalised way. The EEG test re-
sults may help diagnosis; however, no correlation has
yet been found between severity of the pathology in the
EEG test and the clinical advancement of HE.***! Neuro-
imaging is mainly helpful in differential diagnosis. The
brain CT scan result is often correct. Sometimes cere-
bral edema is found in the acute stage of the disease, and
atrophy in the chronic stage. On the other hand, MRI is
more sensitive in detecting cerebral edema; it also al-
lows to exclude other cerebral pathologies. Patients with
liver cirrhosis frequently display bilateral increase in
the signal intensity within the globus pallidus, possibly
caused by manganese deposits; the signal intensity does
not correlate with the clinical advancement of the dis-
ease. MRI spectroscopy can show an increase in con-
centration of the osmotically active agents of the brain,
such as myoinositol, glutamate/glutamine and choline.?

Due to the lack of specific diagnostic tests, the diagnosis
of HE requires exclusion of neurological and metabolic
diseases unrelated to cirrhosis.”»** HE treatment relies
on reducing intestinal ammonia production (lactulose,
rifaximin, probiotics) and improving its metabolism (L-
ornithine-L-aspartate, branched-chain amino acids).”

Aim

The aim of the study is to draw attention to the ever-im-
portant and often key role of electroencephalography in
the diagnosis of hepatic encephalopathy, even in today’s
era of increasingly advanced diagnostic methods.

Description of the case

A 57-year-old patient, professionally active at the time,
was admitted to the hospital’s Neurology Department
on an emergency basis due to difficulties with stand-
ing and moving, orientation disorders and limb tremor.
The symptoms had appeared two days before. In 2015,
she was diagnosed with alcoholic cirrhosis of the liver,
grade 2 esophageal varices, thrombocytopenia and ar-
terial hypertension. She had a history of alcohol abuse
but according to the patient and her family she had been
abstinent for 6 months. Upon admittance she was con-
scious, with psychomotor slowing, oriented about her-
self and her location but disoriented as to time; she was
able to follow simple instructions. Neurological exam-
ination showed no meningeal symptoms; other symp-
toms included speech dysarthria; no paresis; ataxia of
the trunk and limbs; coarse positional tremor of the up-
per limbs; decreased muscle tone in four limbs; uncer-
tain gait, wide-based, requiring assistance. The CT scan
of the head revealed a chronic ischemic vascular le-
sion in the left frontal lobe, with no freshly extravasated
blood or other focal lesions. The USG test of the abdom-
inal cavity showed no liver enlargement; the liver was of
uneven outline and small nodular appearance, and had
normal echogenicity. The pancreas showed no enlarge-
ment and had reduced echogenicity suggesting chronic
inflammatory changes; the spleen was enlarged and had
a homogeneous structure and normal echogenicity. The
venous vessels in the splenic hilum were dilated. No free
fluid in the peritoneal cavity was noted. Basic laborato-
ry blood tests revealed an increased bilirubin level of 2.2
mg/dL [normal range 0.2-1.2 mg/dL], a slightly elevated
liver enzymes concentration with GGT of 57 U/L [nor-
mal range 9-36 U/L] and AST of 36 U/L [normal range
5-34 U/L], and a decreased albumin level of 3.2 g/dL
[normal range 3.5-5.2 g/dL].

During the second day of stay improvement of the
patient’s condition was noted, with reduction of limb
tremors, improvement of gait and correct orientation.
The patient did not report any significant complaints.

Diagnostic tests were extended to include head MRI
and EEG test. MRI showed numerous foci suggesting
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Fig. 2. MRIT1

Fig.3. MR T2

Fig. 4. MR DWI

chronic hypoxic-ischemic changes; in the globus pal-
lidus, ventrolateral thalamus and substantia nigra and
the brain branches, symmetrical banded foci were not-
ed on both sides with higher signal intensity at T1- and
T2-weighted imaging, and the FLAIR and DWI se-
quences (with no water diffusion restrictions) - the
image may correspond to the acquired hepatocerebral
degeneration in the course of liver cirrhosis (Fig. 1-4).

The EEG recording showed synchronous and sym-
metrical biphasic and triphasic waves and complexes
of sharp and slow waves against the backdrop of gen-
eralised slowing of basic activity. For stop signals, HV
and FS the notation pattern remained unchanged (Fig.
6and 7).

The patient was subjected to psychological assess-
ment (4™ day of stay); at the time of the assessment, she
was fully oriented, in good logical verbal contact and
in a mood adequate to her disease situation. In order
to assess the patient’s cognitive performance in a more
detailed way, further examination by mental health spe-
cialists was recommended. Additionally, the patient was

Fig. 5. MR FLAIR

consulted by a speech therapist (assessment on the 3
day of stay), where she appeared conscious, in logical
verbal contact and correctly oriented. The patient’s ver-
bal perception and expression were undisturbed, and
her voice was low, dull and discreetly dysphonic.

The patient’s ammonia concentration was deter-
mined and hyperammonaemia was found (128.65
pumol/l; normal range 18-72 umol/l). In connection with
cognitive impairment upon admission and changes in
EEG, the patient was diagnosed with overt hepatic en-
cephalopathy. The treatment included use of Lactulose
and Xifaxan yielding further improvement.

In October 2021, the patient again experienced dis-
turbed consciousness after the night, with weakness and
imbalance preventing movement. At that time, she was
hospitalised at the Neurology Department, where bio-
chemical tests also revealed hyperammonaemia (am-
monia 210 pg/dL; normal range 19-54 pug/dL); MRI was
comparable to the September 2021 results. The EEG re-
cording showed polymorphic slow delta waves as well
as symmetrical and synchronous biphasic and triphasic
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Fig. 8. Follow-up EEG test after 3 months. Slowed-down spatially differentiated EEG recording

waves against the backdrop of disoriented and slower
basic activity. The patient was discharged with improve-
ment.

The EEG follow-up test performed after 3 months
on an outpatient basis at the Neurological Clinic of the
local hospital showed improvement of the recording:
the basic activity continued to be slowed down; how-
ever, delta waves as well as biphasic and triphasic waves
were not visible (Fig. 8).

The patient was in logical verbal contact; deviations
included slightly wide-based gait.

Discussion

Changes in the EEG recording in cirrhotic patients were
described in the 1950s.*' The main exponent of HE is
generalised slowing of function. Furthermore, posterior
dominant rhythm is disturbed, slowed down or absent.
Depending on the severity of HE and the degree of con-
sciousness impairment, the slowing may be mild or very
severe; it is usually symmetrical unless the pathology is
originated from focal lesions unrelated to the disease. In
such cases, features of focal and generalised slowing may
be visible simultaneously.'>"

The degree of slowing of basic activity usually corre-
lates with serum ammonia concentration and liver dam-
age severity. EEG changes occur in both full-blown and
minimal hepatic encephalopathy and are particularly
useful for guiding diagnosis of poorly expressed symp-

toms.” At an early stage of the disease, lower-frequen-
cy alpha waves with diffused theta waves are visible in
the frontal and temporal lobes, or in all leads.” As the
clinical condition deteriorates, theta waves and subse-
quently delta waves begin to prevail in the recording.”!
For patients in deep coma, a gradual decrease in wave
frequency and amplitude is observed up to disappear-
ance of EEG activity.?®*

An important element of EEG changes in HE is the
presence of periodically occurring triphasic waves. The
concept of triphasic was first introduced by Bickford
and Butt in 1955.%%' These are medium- to high-volt-
age sharp waves or delta waves with a sharp pattern and
triphasic morphology: a positive sharp wave preceded
and followed by a negative potential of lower amplitude.
The wave frequency is 1-3 Hz and the waves usually ap-
pear in a series against the backdrop of slow basic activi-
ty. Sharp waves are superimposed over slow waves in the
frontal lobe area or appear in a generalised way.”

In cases of classic metabolic diseases, triphasic waves
show an anterior-posterior delay, which means that the
waves appear in the posterior leads with a delay of about
100 ms compared to the frontal leads. The background
of the frontal-posterior lag is unknown. Triphasic waves
were initially considered pathognomonic of hepatic en-
cephalopathy.’®* It is now known that they occur in
about 25% of patients with HE but they can also accom-
pany other metabolic encephalopathies, especially ure-
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mic and hypoxic encephalopathies as a result of cardiac
arrest, after intoxication with drugs (e.g. baclofen, lith-
ium, levodopa), hypothyroidism or hyperthyroidism,
electrolyte disorders, encephalitis, Alzheimer’s disease
and CJD.

Conclusion

In the presented case, the final diagnosis of hepatic en-
cephalopathy required electroencephalographic examina-
tion, as the initial diagnosis was ambiguous due to rapid
improvement of the patient’s condition. By presenting this
particular case of hepatic encephalopathy, I would like to
emphasise that as a diagnostic method that has been ap-
plied for many years, electroencephalographic examina-
tion continues to be an important and often key tool in
determining the final diagnosis even in today’s era of in-
creasingly advanced diagnostic techniques.
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Dear Editor,
During COVID-19 pandemic, a decreased social con-
tact is recommended as a basic principle for prevention
of disease. Nevertheless, there are many activities that re-
quires going out from home. Seeking food is a basic nec-
essary activity. To support staying at home concept, food
delivery service is widely used in many countries during
COVID-19 pandemic. It is believed that having food de-
livery rider to buy and send food directly to home can
decreased risk from social contact. However, a little men-
tioned issue is safety and risk of using food deliver rid-
er system. Prado et al. concluded that “The self-employed
food delivery riders have a high incidence rate of SARS-
CoV-2 infection in relation to the national average'
During COVID-19 outbreak, limitation of transportation
is a common public health recommendation. In many
countries, the control of population movement by cur-
few is used. A common prohibition usually focused on
going out from home. Many settings promote using food
delivery rider and claim for an effectiveness in reducing
chance of disease spreading by direct buying and selling
food between customer and food shop owner. From a lo-
gistic study, ordering of food delivery service was associ-
ated with perception on disease prevention among local
people during outbreak.? However, it is usually neglected
for the possible risk due to food delivery rider.

it can confirm that some riders have silent
COVID-19 and can be a silent disease spreader. A rider
has to wander around and meet several people, hence,

the policies for allowing on food delivery during out-
break might not be a correct solution for pandemic
containment. A common reason for supporting food
delivery is social distancing.’ If we consider a basic con-
cept for disease spreading, the spreading is mainly re-
lated to contact time and distance. If a rider is a silent
COVID-19 carrier, the contact time with food shop
owner might be much and the wandering distance of
rider can imply a very wide radius of possible disease
spreading area and a very long period that the rider can
spread disease to external environment comparing to a
simple infectious consumer who go to buy at food shop
directly. Also, there will be many contact risk persons to
a common infectious rider.

Table 1. Estimated risk for using and not using food
delivery rider service

Using food  Not using food
delivery service delivery service

Overall number of situ-
ation that a person con-

tact with another person 304 18
who is a silent carrier
Overall distance of carrier 45.6D 36D

wandering

Here, a simple simulation model can help clarify
the scenario. For primary assumption, it is assumed that
food shop is a clean disease free area and an average in-
ter-place distance among food shop, a customer home
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and food rider station within the same community is
equal to “D” and the incidence rate of silent COVID-19
among rider and general population, based on previous
publications are equal to 15.2% and 1.8%, respectively."*
Based on an amount of 100 food orders per day, the es-
timated risk for using and not using food delivery rider
service is presented in Table 1.

It can show that if the prevalence of asymptomatic
COVID-19 among food delivery rider is still high, using
a delivery service can increased risk. A higher overall
distance that a COVID-19 wandering around and num-
ber of situation that a person contact with another per-
son who is a silent carrier is expected. If food delivery
policies will be implemented, there must be a measure
to confirm for disease-free status of the food delivery
rider. Regular disease screening and vaccination for
food riders should be mandatory requirements.
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