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Alterations of Oximetry-Derived Perfusion Index 
in Neonatal Brachial Plexus Injury
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 Emre Dincer1,  Sevilay Topçuoğlu1,  Adil Umut Zübarioğlu2,  Güner Karatekin1

Introduction
Neonatal brachial plexus palsy (NBPP) is uncommon 

with an incidence of 0.05-0.3% but it can cause permanent 
functional problems in up to 20-30% of affected individuals 
(1). Even though many risk factors have been widely 
investigated, no antepartum or intrapartum risk factors 
have been reported to be reliable except for shoulder 
dystocia. Consequently, NBPP is still regarded as a non-
predictable situation (2). 

Although NBPP is easily recognizable in infants 
with loss of Moro reflex or movements in the affected 
extremity, different diagnostic modalities such as 

electromyography, magnetic resonance imaging, and 
ultrasonography are needed to investigate its localization, 
severity, and prognosis. However, these diagnostic tools 
need highly qualified personnel, expensive equipment, 
and even anesthetic interventions ranging from sedation 
to general anesthesia, which may cause complications 
(3).

Perfusion index (PI) is a non-invasive marker of pulse 
strength provided by new generation pulse-oximeters. It is 
calculated as the ratio of pulsatile and non-pulsatile blood 
flow and is related to cardiac output and tissue vascular 
resistance (4). Previously, it has been suggested that lower 
values of PI values are associated with neonatal pathologies 

ABSTRACT

Aim: As we know, the perfusion index (PI) increases in nerve blocked areas in regional anesthesia and this is used to predict successful 
intervention, we hypothesized that, in neonatal brachial plexus palsy (NBPP), PI may alter in the affected arm.

Materials and Methods: Prospectively, 11 patients with defective Moro reflex diagnosed as NBPP were included in this study. Their demographic 
data were collected and perfusion indices were measured from both the affected and non-affected limbs in the 24th hour of postnatal life. These 
measurements were statistically compared. The increased rate of PI was also calculated and the increment of PI in patients with and without 
clavicle fracture was compared.

Results: PI values were statistically higher in affected extremities compared to not-affected extremities (mean ± standard deviation, 2.47±0.74, 
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caused by hypoperfusion (5) and correlate with disease 
severity (6).

Given its efficacy, the use of PI has been investigated in 
different conditions such as the screening for congenital 
heart diseases (7), patent ductus arteriosus (8), and tissue 
perfusion after red blood cell transfusions (9), and it has 
been reported to be an effective parameter.

Recent studies in adults have reported that PI, measured 
on the extremities after central and peripheral nerve blocks, 
increased due to vasodilation as a result of the cessation of 
alpha-adrenergic stimuli during regional anesthesia (10).

PI is an easy, fast, and user-independent measurement. 
We hypothesized that PI values may be higher on the 
affected extremity due to the cessation of α-adrenergic 
stimuli as a result of nerve injury in NBPP.

Materials and Methods
This prospective observatory study was conducted in 

a tertiary Maternity and Children’s Training and Research 
Hospital between January 2016 and July 2017. Local Ethics 
Committee approval was received from University of 
Health Sciences Turkey, İstanbul Zeynep Kamil Women and 
Children Diseases Training and Research Hospital (approval 
no: 136, date: 24.06.2016) and written informed consent 
was obtained from all patients. Babies with defective Moro 
reflex in one limb or “waiter’s tip” posture diagnosed with 
NBPP were included in the study. Those babies who had a 
limited range of movement (thought to be affected in utero 
or by other musculoskeletal problems), cardiovascular or 
respiratory impairment, birth asphyxia (pH <7.1 or base 
excess >12), sepsis, or congenital anomalies including 
congenital heart diseases were excluded from this study.

Those babies diagnosed with NBPP were evaluated 
via chest X-ray for clavicle fracture. On the 24th hour of 
postnatal life, the baby’s oxygen saturation, heart rate, 
arterial pressures, and PI were recorded on both their right 
and left upper extremities.

Their demographic data such as gestational age, birth 
weight, maternal age and type of delivery, and usage of 
auxiliary birth instruments were recorded.

The values of the affected limb were compared with 
other extremity values. To test our main hypothesis that PI 
is higher in the arm with palsy, we used pairwise Student’s 
t-test to identify if there was a difference between the 
affected and unaffected arms of the same patient. To 
explore further, if the fracture had a different impact 
rather than just brachial plexus injury, we calculated the 

PI difference ratios between the affected and unaffected 
sides. Following this, we compared these ratios between 
the patient groups with and without clavicle fracture again 
via Welch’s two sample t-test. A two-sided p-value smaller 
than 0.05 was accepted as significant.

Results
Fifteen patients were diagnosed as NBPP during 

the study period and four of them were excluded from 
the study due to a diagnosis of birth asphyxia. The 
median gestational age was 40 weeks (Q1: 38 - Q3: 40 
weeks) and the median birth weight was 4,050 grams 
(Q1: 3,810 - Q3: 4,360 grams) (Table I). In seven babies, 
NBPP was on the left side and in four patients, NBPP 
was on the right extremitie. In eight patients, there was 
a loss of Moro reflex and in three of the patients, Moro 
reflexes were weak. All babies had higher PI levels on 
the extremity with NBPP, independent of being right 
(preductal) or left (postductal). The clinical features and 
PI measurements of the patients are given in Table II. The 
PI measured on the side with palsy [mean ± standard 
deviation (SD): 2.47±0.74] was significantly higher than for 
the unaffected arm (1.83±0.66); [t(10)=5.25, p=0.0003]. 
The ratio of PI differences was not statistically different 
between the group with brachial plexus only (mean ± SD: 
25.68±13.42) and the group with clavicle fracture (mean ± 
SD: 22.94±14.16); [t(8)=0.31, p=0.76].

Discussion
In this study, we hypothesized that the nerve injury 

in NBPP may cause vasodilatation in the affected arm of 
the neonate and this can be shown with PI measured by a 
pulse-oximeter. We found statistically significant increased 
PI values in the affected extremities of the neonates.

Table I. Demographic features of the patients

Patients (n=11)

Gestational age (weeks) 40* (Q1-Q3; 38-40)

Birth weight (grams) 4050* (Q1-Q3; 3810-4360)

Gender (n) Female: 4 (36%)
Male: 7 (64%)

Delivery mode (n) Vaginal:  10 (91%)
Cesarean: 1 (9%)

Affected extremity (n) Left: 7 (64%)
Right: 4 (36)

Clavicle fracture (n) 6 (54%)

Values not normally distributed are given as median and quartile 1-3 and 
marked with*
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In previous studies, PI was widely investigated for 
detecting nerve blockage. Vasodilatation occurs in the 
nerve-blocked part of the body as a result of the cessation 
of α-adrenergic stimuli (10). As there is no parasympathetic 
innervation of arteries/arterioles, blockage of the related 
nerve results in a loss of sympathetic tone below the level 
of the blockage and so vasodilatation occurs. With respect 
to this mechanism, it was investigated whether PI can be 
used to determine nerve blockage in regional anesthesia 
and if it is useful in different anesthesia modalities, such 
as infraclavicular and supraclavicular brachial plexus (11-
13).

PI has been shown to be an effective tool for evaluating 
perfusion (4). Studies about PI have shown that PI values 
are correlated with superior vena cava flow, which reflects 
the cerebral blood flow (14) and also with left ventricle 
output (15). Lower values of PI give information about 
hypoperfusion, so it can be used in screening for congenital 
heart diseases (5), detecting patent ductus arteriosus (8), 
or grading the severity of illness in neonates (6,8). It is also 
reported that red blood cell transfusions provide increased 
PI (9) and surfactant treatment improves PI values (16).

PI can be affected by patent ductus arteriosus and 
studies have shown that in the first three days of life, PI 
values are lower in the left hand (postductal) than in the 
right hand (preductal) of the neonate (17). In our study, 
even though postductal PI levels (the left extremity) were 
expected to be lower than preductal PI levels (the right 
extremity) at the 24th hour of life, it was observed that even 
if NBPP is on the left extremity of the neonate, PI levels are 
higher than in the unaffected extremity.

On the other hand, as aforementioned, PI has been 
used in evaluating the severity of neonatal illness (6) and 
has been correlated with cardiac output (15). However, in 
the light of our findings, in cases of NBPP, monitoring the 
neonate from the affected extremity may show higher 
levels of PI on pulse-oximeter. This situation may lead to 
issues with fluid replacement or inotrope therapies so it 
may be logical to consider measurements taken from the 
unaffected arm for treatment plans.

NBPP is still a problem in neonatal medicine, causing 
functional problems in one-fourth of affected neonates. 
Even though NBPP can be easily diagnosed via physical 
examination after birth, further studies need to be done to 
clarify the condition. The gold standard for the evaluation 
of the NBPP is electro-diagnostic studies. These studies have 
been shown to be superior to imaging studies regarding 
localization and severity. However, when it comes to the 
issue of determining prognosis or predicting the need for 
microsurgery, no single imaging study has been shown to 
be sufficient (1,2,5,18). In addition to diagnostic studies, the 
presence of Horner syndrome or lower scores on the “Active 
Movement Scale” are predictors for early microsurgical 
intervention (19). Due to all this ongoing controversy, a 
combination of more parameters is helpful in the evaluation 
of NBPP. To evaluate the correlation of prognosis and 
increase in PI levels compared to the unaffected extremity, 
it was planned to follow-up the neonates in our study 
for three years. However, only three of the babies were 
brought to follow-up and it was not possible to calculate 
the correlation of increase in PI with prognosis. Pleasingly, 
all three of these patients had no disability in three years 
of follow-up. In future studies, we think that evaluating PI 

Table II. Clinical features and perfusion index measurements of patients

Gestational 
age

Birth 
weight

Affected 
limb

Moro reflex on 
affected side

Clavicle 
fracture

Perfusion index on 
affected extremity

Perfusion index on non-
affected extremity

Baby 1 40 4440 Left No Yes 1.1 0.55

Baby 2 34 2670 Left No Yes 1.6 1.3

Baby 3 37 3730 Right No Yes 2.4 1.8

Baby 4 41 4050 Left Weak No 3.2 1.8

Baby 5 39 3890 Left No Yes 2.4 2.1

Baby 6 36 3140 Right Weak No 1.9 1.3

Baby 7 40 4350 Left No Yes 2.8 1.5

Baby 8 41 4290 Right No No 2.8 2.6

Baby 9 40 4320 Left No Yes 2.5 2.2

Baby 10 39 3980 Right Weak No 3.8 2.9

Baby 11 40 4120 Left No No 2.7 2.1
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after the third day of life may eliminate the effect of ductus 
arteriosus in the left arm. 

Study Limitations

One limitation of our study is that our sample size was 
small. Although the number of patients was small, we 
found significantly higher levels of PI in the affected limbs 
of the patients. Future studies are needed to evaluate the 
duration of PI alteration and, its correlation with other 
diagnostic studies, and its usefulness in long-term follow-
up.

Conclusion
In conclusion, PI levels are higher in the affected 

extremities of newborns with NBPP compared to the 
unaffected side but this finding needs to be studied to 
determine whether it has a correlation with prognosis and 
whether it can be used as a predictor for early microsurgical 
intervention. In the future, this finding may be combined 
with other diagnostic modalities if further studies are 
carried out.
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Introduction
Coronavirus disease-2019 (COVID-19) was identified as 

a disease which caused respiratory problems in December 
2019 (1). This virus has a high and rapid contagiousness. It 
is transmitted from person to person (2). The World Health 
Organization (WHO) declared a coronavirus to be a pandemic 
on March 11th, 2020, and named this disease 2019-new 
coronavirus (2019-nCoV) (3,4). In Turkey, COVID-19 started 
to be seen as of March 19, 2020. The WHO recommended 
that millions of people “stay home and socially isolated to 
avoid” COVID-19 transmission (5). The Ministry of Health in 
Turkey has also launched a stay-at-home campaign with the 

motto “Life Fits into Home” immediately after the incidents 
began to appear in our country. In this context, the whole 
community started to stay at home except for mandatory 
needs (6). The effects of infectious diseases-related 
outbreaks and social isolation on community mental health 
were included in many studies (7-10). It was stated that such 
outbreaks  could  cause psychological situations. These can 
include stress, depression, fear, and anxiety (10,11).

In China, the first country affected by coronavirus, people 
were reported to show signs of stress, depression, and anxiety 
(12). Especially in those people who were in quarantine, fear, 
irritability, sadness, and feelings  of  guilt  are  found to be 
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common negative emotions during this process (13). No 
study investigating the effects of the COVID-19 pandemic on 
the child and family were found in the literature. In a simple 
study, it was stated that families face stress factors such as 
commuting to work, bringing home viruses, and meeting 
their children’s increased educational and care needs (14). 
Mothers and fathers should pay attention to their children’s 
health and illnesses. Besides this, they have to deal with 
some of the uncertainties surrounding their family during 
COVID-19 isolation (15). Nurses, as well as families, have 
important roles and responsibilities in the protection and 
development of children, family, and community health 
(16). Also, nurses working in the field of paediatric nursing, 
family health nursing or public health nursing should have 
a responsibility for the management of the health of the 
family.

It is thought that the global COVID-19 outbreak will lead 
to deep psychological effects on families. Evidence-based 
strategies should be developed to reduce any negative 
psychological effects, psychiatric symptoms, or anxiety 
during the epidemic. Determining the anxiety levels and 
their related factors experienced by children who are one 
of the risk groups in infectious diseases, and therefore 
their families is important for better management of the 
situation. This study was carried out to identify the anxiety 
and related factors of parents associated with COVID-19.

Materials and Methods
This study has a descriptive design. The data was 

collected with an online survey during April and May 2020. 
The increase in the number of people using the Internet 
means that researchers have the opportunity to recruit 
participants from different backgrounds and different 
geographical regions that would not otherwise be possible 
(17). As it helps to reach the hard-to-reach segments of the 
general population by taking advantage of this feature of 
the Internet, also with the effect of the pandemic, the link 
for the questionnaires was shared via social networking sites 
such as Facebook, Twitter, Instagram, blogs, and forums.

The focus of the research was parents who have children 
between 0-18 years old, and also  use social media and 
agreed to participate in the research. Since the number 
of elements in the universe is unknown, the number of 
samples was calculated with the formula n=t2pq/d2 
(n=number of individuals to be sampled, t=1.96, p=0.50, 
q=050, d=0.05). According to this formula, the sample size 
was determined to be at least 385 (95% confidence interval 
in the calculation, the α value for the significance level is 

taken to be 0.05) (18). The number of parents included in 
the study was 498. Four parents who were not voluntary or 
who answered the questionnaire incomplete were excluded 
from the sample. The final sample was 494 parents.

Ethical Considerations

İzmir Bakırçay University, Non-Interventional Clinical 
Research Ethics Committee’s written permission was 
taken  (approval number: 21/21, approval date: 20.04.2020) 
to conduct the research.

The consents of the individuals were taken and then they 
were allowed to answer the questions after the consent.

Data Collection

The data collection tools were prepared using the 
Google Docs website. The study was conducted via the 
internet by means of social media. The social media tools 
were Facebook, Twitter, Instagram, blogs, and forums. The 
link for the questionnaires was distributed. The parents 
agreed to participate in the survey voluntarily.

Information Form Introducing the Child and Family: 
This is a form consisting of 8 questions including questions 
regarding the sociodemographic characteristics (age, 
gender, education, etc.) of the child and the family.

Questionnaire of Anxiety and Related Factors: There 
are 14 questions in this form that include anxiety factors 
related to coronavirus using the literature. The questions are 
about the symptoms of infectious diseases of children and 
other family members, social isolation, frequent feelings 
and coping skills of the parents, transportation preferences, 
and prevention methods (19-21).

Beck Anxiety Inventory: This twenty-one item  Likert-
type self-assessing scale was developed for anxiety by Beck 
in 1988. Likert (sum of degrees) provides type measurement. 
There are 4 options in each of the  twenty-one  symptom 
categories. Each item is given points between 0 and 3. The 
person is asked to assess the signs within the last week 
including  the day of the questionnaire. Each symptom is 
evaluated as none, mild, moderate, or severe. The final score 
ranges from 0 to 63. The value of the score obtained from 
the scale shows the anxiety experienced by an individual. The 
Turkish language validity and reliability study of this scale 
were conducted. A result of 8-15 points shows mild anxiety, 
16-25  shows  moderate anxiety, and 26-63  shows  severe 
anxiety. The Cronbach’s alpha value for this scale was 0.93. 
The scale has two subgroups: “Subjective Anxiety” and 
“Somatic Symptoms”. The subjective anxiety sub-dimension 
contains 13 items (1,4,5,7-11,14-17,19) and the score is between 
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0 and 39, the somatic symptoms sub-dimension is 8 items 
(2,3,6,12,13,18,20,21) and its score varies between 0 and 24 
(22).

Statistical Analysis

Analysis of the data to be obtained from the research 
was carried out through  the SPSS 26.0 package program. 
Descriptive statistics in the analysis of the research data were 
calculated as a number, percentage, average, and standard 
deviation. Additionally, Shapiro-Wilk/Kolmogorov-Smirnov 
(K-S) was carried out to determine the suitability of the 
data for normal distribution. If the data were suitable for 
normal distribution, Student’s t-test, and One-Way ANOVA 
were used. If it was not suitable for normal distribution, 
the Mann-Whitney U test, and the Kruskal-Wallis test were 
used. Multiple linear regressions analysis was performed 
to determine the effect of various independent variables 
on the parents’ anxiety level scores during the pandemic 
process. The results are presented as estimated β (Standard 
Error), p-values, and R2 value. The significance level was 
accepted as 0.05.

Validity, Reliability, and Rigour

The data instruments were selected by the researchers 
for their relevance to the study population. All data 
collection tools demonstrated reliability and validity for the 
Turkish population. The researchers received preliminary 
online education on Google Documents data collection. 
Interpretation of the survey content was also included in the 
education content to ensure the accuracy and consistency 
of the data.

Results
Almost all the 494 participants were mothers (94.5%) 

and the average age of 69.5% was between 31-40 years. Sixty-
point nine percent of the participants were bachelor, 67.8% 
were working, 45.3% of the income assessment was in the 
medium level. 56.9% had 1 child and 37.3% had 2 children. 
The Beck Anxiety Inventory mean score of the participants 
was found to be 11.77±10.36 and this was considered as mild 
level. The Subjective Anxiety Subscale mean score was 
8.93±7.47, and the Somatic symptoms subscale mean score 
was 2.84±3.42 (Table I).

Before the COVID-19 pandemic, 95.1% had never been 
to another country and 92.5% had never had any guests 
from  another country. During the COVID-19 pandemic, 
83.4% of the parents took care of their children themselves. 
33.6% of participants had a family member with a chronic 
disease. A statistically significant difference was found 

between family members with and without chronic disease 
(p=0.003). The anxiety score average of those with chronic 
diseases in their family was found to be higher. 87.0% of 
participants did not have a condition requiring constant 
hospitalization (follow-up, treatment, etc.), only 8.5% had 
a person who was constantly taking medication within their 
family members. A statistically significant difference was 
found between those families with or without members 
taking regular medication (p=0.047). The anxiety score 
average for those with a member of their family taking 
medication was found to be higher. 75.3% of parents had 
not received training on infectious diseases and prevention 
methods. During the COVID-19 pandemic, 90.3% of 
participants implemented social isolation or quarantine 
(Table II).

Considering the participants’ use of vehicles during 
the pandemic, 83.6% used their own private car for 
transportation. A statistically significant difference was 
found between those who used private cars and those who 
did not (p=0.042). The anxiety score average of those who 
used their private car was found to be lower. According to 
information source used to obtain developments regarding 
COVID-19, it was reported that 90.7% of participants 
preferred the internet/social media, while 56.5% preferred 
television/radio. While there was no significant difference 
between those who preferred the internet-social media 
as a news source about COVID-19 and those who did not 
(p=0.105), a difference was found between those who 
preferred TV-radio and those who did not (p<0.001). The 
anxiety score average of those who preferred TV-radio was 
found to be lower. In the first place was the difference 
between those participants who preferred using a mask 
(96.0%) and keeping a social-distance (1 meter) as a 
protection method. The most common emotions about 
COVID-19 experienced by parents were concern/anxiety 
(83.6%), fear (38.5%), sadness (33.8%), and difficulty in 
coping (21.7%). When the parents’ anxiety scores were 
compared with emotions such as fear, sadness, and 
difficulty in coping, a statistically significant difference was 
found between those who experienced these feelings and 
those who did not (p<0.001, p<0.001, p<0.001). The anxiety 
score average of those parents who experienced these 
emotions was higher than those who did not. The parents’ 
methods of coping during social isolation included kitchen 
activities (cooking, baking cake, etc.) (69.0%), games 
and painting with their children (68.4%), home cleaning 
(65.8%), and reading (40.5%). A statistically significant 
difference was found between those who preferred the 
reading method and those who did not (p=0.034). The 
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anxiety score average of those who preferred to read books 
was lower (Table III).

Several factors could be seen to significantly affect 
the anxiety scores of the parents in the pandemic when 
regression analysis was performed; the employment status 
of the parents, the presence of an individual with a chronic 

disease in the family, the person caring for the child during 
the pandemic process, the most common feelings of 
anxiety, fear, sadness, and difficulties in coping are included 
in these. These variables explain 23% of the anxiety level of 
the parents during the COVID-19 pandemic (Table IV).

Table I. Comparison of participants’ socio-demographic characteristics and anxiety

Variables N % BAI Significance

494 100 X ± SD Mean Rank Test p-value

Parents

<0.001Mother 467 94.5 12.15±0.48 253.41
Z=-3,834

Father 27 5.5 5.29±1.20 145.20

Age

0.220

19-30 58 11.7 13.01±1.43 264.12

χ2=3,02631-40 343 69.5 11.85±0.55 250.48

41 and above 93 18.8 10.70±1.10 226.13

Education 

0.885

First-secondary education 5 1.0 11.40±3.58 258.00

χ2=0.650
High school 46 9.3 11.73±1.71 235.55

Bachelor 301 60.9 12.03±0.60 251.05

Graduate 142 28.8 11.25±0.80 243.47

Profession

0.954

Unemployed 55 11.1 11.41±1.25 247.79

χ2=0.094Health employee 20 4.0 10.75±2.10 237.95

Other professional groups 419 84.9 11.87±0.51 247.92

Working status

0.002Working 335 67.8 10.73±9.83 233.49
Z=-3,170

Not working 159 32.2 13.96±11.11 277.02

Economic situation assessment

0.070

Low level 104 21.1 14.52±1.21 276.01

χ2=5,326Intermediate level 224 45.3 11.25±0.66 241.39

High level 166 33.6 10.75±0.70 237.88

Number of children

0.173

1 281 56.9 12.11±0.61 255.58

χ2=3,5122 187 37.8 11.03±0.77 232.50

3 and above 26 5.3 12.76±1.84 268.04

Beck Anxiety Inventory mean score 494 100.0 11.77±10.36 9.00 (0-53)
Median (Min.-Max.)

Subjective Anxiety Subscale mean score 494 100.0 8.93±7.47 7.00 (0-34)
Median (Min.-Max.)

Somatic Symptoms Subscale mean score 494 100.0 2.84±3.42 2.00 (0-19)
Median (Min.-Max.)

X: Average, SD: Standard deviation, BAI: Beck anxiety inventory, Min.: Minimum, Max.: Maximum
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Discussion
It has been seen that there has been a rapid rise in the 

number of cases and deaths in the COVID-19 pandemic in 
the world. This situation has led to psychological effects 
such as stress, depression, and anxiety in people. Fear of 
uncertainty has been reported to cause negative behaviour 
(23). It was also emphasized with the proposal of WHO 
that the quarantine decisions and curfews made by most 
countries might  increase stress, anxiety, and depression 
(13,24). It was found that the quarantine measures applied 
in the severe acute respiratory syndrome and Middle East 
respiratory syndrome (MERS) outbreaks were associated 
with psychosocial problems. These were depressive 
signs, post-traumatic stress, anxiety, stress, social 
isolation, loneliness, and stigma, and the most important 
determinants were the length of the quarantine and loss 
of income (25).

Also, insufficient and fake news about COVID-19 has 
led to increased anxiety and fear regarding the situation in 
this process (2). The WHO suggested that people should 
only receive news on COVID-19 from reliable sources. In this 
study, most of the participants used social media as their 
news source. However, the anxiety scores of those who 
preferred TV news as their news source were found to be 
lower. 

In a study conducted on 1,210 people in China examining 
the psychological effects of coronavirus, it was reported that 
28.8% of the people in the community showed moderate 
or severe anxiety, 16.5% showed moderate or severe 
depression, and 8.1% showed moderate or severe stress (12). 
A study in Canada found that one-third of 1,354 Canadian 
adults were concerned about the coronavirus and 7% were 
“very worried” (26). In Spain, while the signs of depression, 
stress, and anxiety were low in the early stages of the 

Table II. Comparison of participants’ COVID-19 characteristics and anxiety scores

Variables N % BAI  Significance

494 100 X ± SD Mean Rank Test p-value

Going to another country before the COVID-19 pandemic

Yes
No

24
470

4.9
95.1

8.79±2.07
11.92±047

194.15
250.22 Z=-1,879 0.060

Guest arrival from another country before COVID-19 pandemic

Yes 
No

37
457

7.5
92.5

12.21±1.41
11.74±0.49

266.09
245.99 Z=-0.825 0.410

Caregiver for children in the COVID-19 pandemic

Mother/Father
Caregiver
Grandma/grandfather
Other (family elders, relatives, etc.)

412
28
46
8

83.4
5.7
9.3
1.6

11.98±0.51
9.21±1.49
11.00±1.67
14.50±3.84 

250.90
220.57
226.08
290.00

χ2=2,982 0.394

Presence of chronic disease in family members (Diabetes, heart disease, kidney disease, etc.)

Yes
No

166
328

33.6
66.4

13.73±0.86
10.78±0.54

273.92
234.13 Z=-2,930 0.003

Presence of a condition requiring constant hospitalization in family members (follow-up, treatment, etc.)

Yes
No

64
430

13.0
87.0

13.25±1.46
11.55±0.48

263.64
245.10 Z=-0.971 0.332

The presence of a person constantly taking medication in family members

Yes
No

42
452

8.5
91.5

14.92±1.77
11.48±0.48 

289.35
243.61 Z=-1,988 0.047

Training status on infectious diseases and prevention methods

Yes
No

122
372

24.7
75.3

10.87±0.98
12.07±0.52

228.80
253.63 Z=-1,670 0.095

Social isolation or quarantine status in the COVID-19 pandemic

Yes
No

446
48

90.3
9.7

11.86±0.48
11.00±1.74

250.16
222.77 Z=-1,265 0.206

X: Average, SD: Standard deviation, BAI: Beck anxiety inventory, COVID-19: Coronavirus disease-2019
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Table III. Comparison of participants’ coping methods and problems during the pandemic and their anxiety scores

Variables N % BAI Significance

494 100 X ± SD Mean Rank Test p-value

Type of transportation use

Personal car Yes
No

413
81

83.6
16.4

11.27±0.49
11.93±1.28

241.73
276.93 Z=-2,032 0.042

Public transportation (bus, minibus) Yes
No

24
470

4.9
95.1

10.91±2.50
11.82±0.47

221.38
248.83 Z=-0.920 0.357

Taxi Yes
No

14
480

2.8
97.2

13.57±3.18
11.72±0.47

267.46
246.92 Z=-0.531 0.595

Other (bicycle, motorcycle, subway) Yes
No

12
482

2.4
97.6

12.08±3.37
11.76±0.47

239.75
247.69 Z=-0.191 0.849

The information source of developments regarding COVID-19

Internet-social media Yes
No

448
46

90.7
9.3

11.87±0.47
10.80±1.81

250.83
215.09 Z=-1,619 0.105

Television-radio Yes
No

279
215

	
56.5
43.5

10.48±0.59
13.46±0.72

227.27
273.75 Z=-3,592 <0.001

Health professionals Yes
No

122
372

24.7
75.3

11.22±1.00
11.95±0.52

234.47
251.77 Z=-1,163 0.245

Other (newspaper, friend, neighbor) Yes
No

50
444

10.1
89.9

11.94±1.64
11.75±0.48

237.80
248.59 Z=-0.507 0.507

Preferred preventive measure

Mask Yes
No

474
20

96.0
4.0

11.93±0.47
8.15±1.83

249.80
192.93 Z=-1,747 0.081

Distance (1 meter) Yes
No

445
49

90.1
9.9

11.90±0.49
10.63±1.40

249.44
229.88 Z=-0.912 0.362

Disinfectant Yes
No

270
224

54.7
45.3

11.94±0.61
11.57±0.71

253.34
240.46 Z=-1,000 0.317

Glove Yes
No

259
235

52.4
47.6

11.97±0.65
11.56±0.67

250.16
244.57 Z=-0.435 0.663

Cologne Yes
No

229
265

46.4
53.6

12.84±0.72
10.85±0.59

260.99
235.84 Z=-1,955 0.051

Other (soap, visor, napkin, cleaning water) Yes
No

15
479

3.0
97.0

12.40±2.36
11.75±0.47

266.47
246.91 Z=-0.523 0.601

The most common emotion about COVID-19

Concern Yes
No

413
81

83.6
16.4

12.04±0.51
10.39±1.04

251.09
229.19 Z=-1,264 0.206

Fear Yes
No

190
304

38.5
61.5

16.10±0.84
9.07±0.48

305.05
211.53 Z=-7,092 <0.001

Sadness Yes
No

167
327

33.8
66.2

14.21±0.85
10.53±0.53

281.94
229.91 Z=-3,837 <0.001

Difficulty in coping Yes
No

107
387

21.7
78.3

19.08±1.12
9.75±0.45

343.80
220.87 Z=-7,893 <0.001

Other (communication difficulties,
confusion, uncertainty, anger)

Yes
No

38
456

7.7
92.3

12.92±1.70
11.68±0.48

262.38
246.26 Z=-0.670 0.503

Coping methods in social isolation

Kitchen activities (food, cake, etc.) Yes
No

341
153

69.0
31.0

11.93±0.54
11.42±0.90

253.00
235.24 Z=-1.281 0.200
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COVID-19 pandemic, these symptoms levels increased after 
quarantine (27). Restrictive prevention and isolation can 
be confusing, and not well understood for children (15). 
It is considered common for children and their families to 
experience anxiety, panic, and fear, both for themselves and 
their families, friends, loved ones, and relatives (28). In this 
study, the most common emotions experienced by parents 

in the process of COVID-19 were concern/anxiety (83.6%), 
fear (38.5%), sadness (33.8%), and difficulty in coping 
(21.7%). In studies on this subject, it has been stated that 
the features seen in individuals in the process of COVID-
19 are often paranoia, sadness, fear, anxiety, anger, and 
depression (13,29,30). In this study, 90.3% of parents stayed 
at home (social isolation or quarantine). In a study on global 

Table III. Continued

Variables N % BAI Significance

494 100 X ± SD Mean rank Test p-value

Game and painting activities with children Yes
No

338
106

68.4
31.6

11.95±0.56
11.38±0.84

250.62
240.73 Z=-0.717 0.473

Home cleaning Yes
No

325
169

65.8
34.2

12.20±057
10.94±0.78

254.54
233.97 Z=-1,521 0.128

Reading Yes
No

200
294

40.5
59.5

10.67±0.70
12.52±0.61

230.99
258.73 Z=-2,123 0.034

Professional activities (working from home) Yes
No

159
335

32.2
67.8

11.13±0.76
12.08±0.58

241.64
250.28 Z=-0.629 0.529

Individual hobbies (guitar, stone painting, mandala, sports 
events)

Yes
No

116
378

23.5
76.5

11.59±0.89
11.83±0.54

248.64
247.15 Z=-0.099 0.921

X: Average, SD: Standard deviation, BAI: Beck anxiety inventory, COVID-19: Coronavirus disease-2019

Table IV. The effect of some parents-related variables on their anxiety scores (n=494)

Dependent variable: the anxiety level

Independent variables: working status, chronic disease, caregiver, most common 
emotions B SE ββ p*

Constant 41,542 3,605 - -

Working status
(Working     Not working) 1,335 0.943 0.060 0.157

Presence of chronic disease in family members
(Yes     No) -2,226 0.875 -0.102 0.011

Caregiver for children in the COVID-19 pandemic
(Mother/Father     Caregiver     Grandma/grandfather     Other) 0.039 0.341 0.005 0.910

The most common emotion about COVID-19
Concern (Yes     No) -1,640 1,117 -0.059 0.143

The most common emotion about COVID-19
Fear (Yes     No) -4,517 0.906 -0.212 <0.001

The most common emotion about COVID-19
Sadness (Yes     No) -2,666 0.905 -0.122 0.003

The most common emotion about COVID-19
Difficulty in coping (Yes     No) -7,992 1.036 -0.318 <0.001

R 0.484

R2 0.234

F 21,230

p* <0.001

*p<0.05.
B: Fixed value/regression load (Sabit değer/regresyon yükü), SE: Standard error, Beta: Standardized regression load (Standartlaştırılmış regresyon yükü), COVID-19: 
Coronavirus Disease-2019
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epidemics, it was stated that people who were isolated for 
2 weeks because they were in contact with MERS showed 
anxiety signs and anger such as fear, isolation, and social 
withdrawal (31). In addition to isolation or quarantine, 
anxiety levels were found to be high in both parents and 
their children during the pandemic in cases of chronic illness 
and long-term regular medication.

If parents experience situations such as anxiety, fear, 
sadness, and difficulty in coping, it can negatively affect 
their children’s health. In this situation, families are advised 
to talk to their children about how they keep them safe 
and to try to manage any stress they feel (19). In this study, 
the coping mechanism of the parents during their stay at 
home to manage their anxiety for  themselves included 
kitchen activities (cooking, baking cake, etc.) (69.0%), 
games and painting activities with their children (68.4%), 
home cleaning (65.8%), and reading (40.5%). The anxiety 
score average of those parents who preferred reading 
was lower. In another study, similarly, it was stated that 
children prefer activities such as physical entertainment 
or reading during the epidemic process (28).  Additionally, 
it is recommended that parents teach their children hand-
washing techniques or how to apply hand disinfectants and 
regularly wash any contacted surfaces with house cleaning 
materials so that the children and parents can cope with 
this process (19). In this study, it was found that parents 
preferred masks, social-distancing (1 meter), disinfectants, 
gloves, and cologne as first-line methods of protection. 
In another study, it was  also  found that parents  attach 
importance to physical distancing especially in interpersonal 
relationships (29). Since diseases that are transmitted by 
the respiratory way require a specific intimacy between 
people, social-distancing reduces transmission (32). UNICEF ​​
has prepared a guide especially for those parents with 
small children during the COVID-19 period. This guide 
contains  topics such as the importance of handwashing, 
the  importance of not touching  faces with dirty hands, 
the use of masks,  keeping one meter  social distance, and 
avoiding crowded environments (33).

Study Limitations

This study was cross-sectional and it had some 
limitations. The study particularly focused on those parents 
who used social media and the sample was limited only to 
those who used social media; therefore, homogeneity of 
the participants could not be achieved. Some parents may 
have limited internet access or not have had time due to 
their children.

Conclusion
In this study, it was found that the most common 

emotion experienced by the parents was fear, anxiety, 
sadness, and difficulty in coping and mild anxiety levels. 
It is important to research the psychological effects of 
international epidemics on populations and to create 
strategies for reducing negative psychological effects. It 
is recommended  to develop  programs  to support parents 
during quarantine to prevent and alleviate the psychological 
effects of the pandemic by  starting  social and medical 
initiatives.  As the COVID-19 pandemic affects the whole 
of society, it also affects children and their parents who 
are one of the risk groups by creating fear and anxiety. It 
is thought that planning studies, intervention programs, 
and training that will strengthen the mental health of 
their children can be effective in managing any negative 
effects. Nurses working in the field of paediatric nursing, 
family health nursing or public health nursing should have 
a responsibility in this part. It is recommended to conduct 
studies that can identify the causes of anxiety and stress in 
order to be prepared for situations such as epidemics that 
negatively affect children, families and society. In addition, 
studies which determine the problems faced by people 
during the quarantine process will be effective in examining 
this issue in depth.
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Introduction
Proper nutrition has a significant impact on oral and 

dental health as well as on physical and cognitive health 
(1,2). Dental caries are a multifactorial disease that is caused 
by cariogenic bacteria, a carbohydrate-rich diet and high 
host susceptibility (3-5).

Obesity and tooth decay have common and variable 
features such as diet and lifestyle (1). Being overweight and 
obesity are among the health problems that are increasing 

in our country as well as worldwide (6). Today, obesity, which 
is increasing rapidly in adults and adolescents, is called 
“obeziteus” in Latin and means “due to eating” (7). It is a 
multifactorial disease characterized by stored fat as a result 
of an increase in the amount of fatty and carbohydrate 
foods consumed resulting from having more calories 
entering the body than the number of calories expended 
(8). It is also known as an energy metabolism disorder 
that can cause physical and psychological problems (6,9). 
The main causes of obesity, defined by the World Health 
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Organization (WHO) as a global epidemic, are considered to 
be environmental factors such as practical living conditions, 
immobility, eating habits, in addition to genetic and physical 
factors (7).

The nutritional habits of children are among the most 
important causes of both childhood obesity and dental 
caries. Some children who experience early tooth loss 
may face problems such as weight gain due to incomplete 
digestion resulting from a decrease in chewing function 
(1). Tooth loss and caries may also be associated with both 
obesity and weakness. Weight loss can be seen in children 
who have difficulty feeding due to early tooth loss and 
painful teeth. Severe dental caries can reduce the action of 
eating and thus cause weight loss (10).

Among the obesity criteria of the WHO is the body mass 
index (BMI), also called the Quetelet index. BMI is calculated 
by dividing an individual’s body weight by the square of his/
her height (BMI=kg/m2). The classification of children and 
adolescents is different from adults and “z-score” values 
are used (4). As growth and development continues in 
children, body fat changes; therefore, the assessment of 
BMI in children and adolescents is made by BMI-for-age; 
those who are in the 5th percentile and below are considered 
as “underweight”, those who are in the 85th percentile and 
above are at risk of being “overweight” and those who are in 
the 95th percentile and above are considered as “overweight” 
(11).

In many studies relating to obesity and dental caries, the 
relationship between BMI and caries in the child age group 
has been evaluated (2,10,12-14). García Pérez et al. (15) used 
BMI-for-age in their study and examined the relationship 
between the caries experience and obesity in Mexican 8-12 
year-old school children. The aim of the current study was 
to investigate the relationship between dental caries and 
BMI-for-age (normal, overweight, obese, underweight and 
severely underweight) in a group of 5-14 year-old Turkish 
children. Secondly, it was hypothesized that the results 
obtained from evaluating caries with BMI-for-age might be 
different from results obtained using BMI.

Materials and Methods
According to the power analysis, the n value was 

calculated to be 451 with a confidence interval of α=0.05 
and β=0.95. Those children between the ages of 5-14 
who applied to the Department of Pedodontics in Erciyes 
University were included in this study. Ethics committee 
approval was received for this study from Erciyes University 
Faculty of Medicine (approval no: 2020/60, date: 29.01.2020).

Those patients with systemic diseases which may affect 
growth and development were excluded from this study. 
After obtaining consent forms from the patients and their 
parents stating that they want to participate in the study, 
the demographic information (age, gender, etc.) of the 
patients was recorded.

Study Design

The participants were asked to remove their shoes in 
order to record their body weight and height measurements; 
a Tanita® scale (Bc601 model) with integrated stadiometer 
was used to perform both measurements. The BMI-for-age 
calculation was made by entering the age, weight and height 
measurements into the WHO AnthroPlus Software program 
and the z-score was obtained. The children were grouped 
according to their z-scores as Group 1: normal, Group 2: 
overweight, Group 3: fat/obese, Group 4: underweight, 
and Group 5: severely underweight. The calculations of 
anthropometric evaluations were made by a nutritionist 
and dietetics specialist.

Intraoral examination was made after the teeth were 
air-dried by a research assistant dentist with the help of a 
mouth mirror and dental probe. The measurements were 
recorded by another dentist. According to the criteria 
determined by the WHO, the DMFT (decay, missing, and 
filled teeth) index was used to determine the number of 
caries in permanent teeth and the dmft index was used 
in primary teeth. The existing periapical and panoramic 
radiographs of the patients were used in the diagnosis of 
interface caries.

The data were analyzed by correlation, frequency and 
independent sample t-tests using the IBM SPSS Statistic 
(v.22) software.

Results
The average age of the children who participated in 

this study was 9.1±2.5 years. Of these, 52% (n=234) were 
female and 48% (n=217) were male. Average DMFT/dmft 
values were found to be 6.97±3.79. It was found that 425 
of the children in the study group had at least 1 caries. The 
caries percentages of the females and males were 91% and 
97%, respectively. There was no significant difference in the 
number of caries between the two groups (p>0.05). When 
the children were grouped according to their BMI-for-age 
values, 55% of them were found to be normal (n=248), 
16.2% were overweight (n=73), 11.8% were obese (n=53), 
12.2% were underweight, (n=55) and 4.8% were severely 
underweight (n=22). Overweight and obese participants 
constituted 24% of the group. 45% (n=24) of Group 3 
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were girls and 54% (n=29) were boys (Table I). There was 
no significant relationship between gender and obesity 
(p>0.05). In terms of the DMFT/dmft index, when groups 
were compared according to their BMI-for-age (Graph 1), 
no difference was observed between obese participants and 
overweight participants (p>0.05). A statistically significant 
difference was found between Group 3 and the other 3 
groups (Group 1, Group 4 and Group 5) (p<0.05). There was 
no significant difference observed when the other groups 
were compared with each other (p>0.05). No relation was 

observed between the risk of caries and being underweight 
(p>0.05). The risk of caries increased as weight increased in 
those children who participated in this study.

Discussion
In recent years, there has been an increase in overweight 

and obesity rates due to an increase in over-nutrition habits 
of children. It has also started to come into prominence in 
studies investigating the relationship between tooth decay 
and weight, which are both closely related to dietary habits 
(14,16,17).

Obesity and overweight status can be measured using 
the BMI. However, BMI is calculated by dividing body weight 
(kg) by the square of the height (m), and it does not 
take into account variable values such as age, gender, 
and body fat percentage (18). Since growth is on-going 
in children and adolescents, body fat is in the process of 
change; for this reason, the evaluation of BMI in children 
and adolescents according to age will give more accurate 
results. Therefore, in our study, the BMI-for-age calculation 
was made by obtaining z-scores by entering age, weight 
and height measurements into the AnthroPlus Software, as 
recommended by the WHO for children under the age of 18 
years. In many studies, only obesity or severely underweight 
conditions were evaluated (10,15,19,20). In our study, not 
only obese and overweight children, but also underweight, 
severely underweight and normal children were included in 
the evaluation.

A study in Mexico found that approximately one-fifth of 
students were obese, and the proportion of overweight and 
obese children constituted 37.7%. of the whole group (15). 
In our study, 11.8% of the children who participated were 
found to be obese, and the overweight and obese groups 
together constituted 24%. Comparing these two studies, 
the lower values obtained in our study may stem from 
different eating habits within our country. We believe that it 
is possible to provide data to explain any differences by an 
evaluation of the nutritional habits of children by dietetic 
and nutritionist specialists.

Bafti et al. (8) found that tooth decay in the primary 
teeth of children was inversely proportional to an increase 
in their body weight. In another study, Benzian et al. (10) 
investigated the relationship between BMI and dental caries 
in underweight children and found a significant correlation 
between BMI and dental caries in low-weight children. On 
the other hand, Mitrakul et al. (19) and Dikshit et al. (14) 
argued that there was no significant relationship between 
dental caries and BMI.

Graph 1. Diagram showing mean DMFT/dmft among children with 
different body weights

Group 1: Normal, Group 2: Overweight, Group 3: Fat/obese, Group 4: 
Underweight, Group 5: Severely underweight a-bDifferent letters denote 
the statistical differences (p<0.05)

Table I. The frequency and percentage distribution of children 
based on BMI-for-age

BMI-for-age n %

Group 1

Female 131 52.8

Male 117 47.2

Total 248 100

Group 2

Female 35 47.9

Male 38 52.1

Total 73 100

Group 3

Female 24 45.3

Male 29 54.7

Total 53 100

Group 4

Female 33 60

Male 22 40

Total 55 100

Group 5

Female 11 50

Male 11 50

Total 22 100

Group 1: Normal, Group 2: Overweight, Group 3: Fat/obese, Group 4: 
Underweight, Group 5: Severely underweight, BMI: Body mass index
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In many studies, the risk of dental caries was found to 
be higher in overweight and obese children (21-23). Cheng et 
al. (24) showed that the frequency of dental caries among 
primary and secondary school children is related to gender, 
school type, region and BMI. They claimed that extensive 
studies are needed to confirm the findings of their study 
and to address existing oral health problems (24). The study 
conducted by Barrington et al. (25) focused on the incidence 
of the relationship between obesity and caries. However, 
they emphasized that sugar and carbohydrate consumption 
status are factors that should be evaluated primarily for 
both (25).

Karki et al. (16) declared that children with low or high 
BMI, regardless of their age, are at risk of developing caries. 
They emphasized that both underweight and overweight or 
obese children have common risk factors relating to their 
diet (16).

Another related study conducted by Willerhausen et 
al. (2) also found a significant relationship between being 
overweight and caries. According to the results of our study, 
a positive relationship was found between obesity and 
caries and these results support the findings of the study 
conducted by Willerhausen et al. (2).

In addition, in the study conducted by García Pérez 
et al. (15), in which BMI-for-age evaluations were used as 
in our study, it was reported that there was an inversely 
proportional relationship between obesity and caries as 
was also seen in other studies using BMI (8,10). However, 
it was emphasized that caries is a complex process 
including a contribution of various factors such as fluoride 
consumption, sugar intake, and brushing teeth, none of 
which should be ignored (18). In our results, there was no 
significant relationship between underweight children and 
the incidence of caries, which is in contrast to the results 
given by García Pérez et al. (15). We presume that this 
situation may be due to the low number of underweight 
children in our study group or to different eating habits 
among countries.

However, as mentioned in the results of some studies, 
explaining the relationship between caries and BMI by 
various factors such as poor eating habits, frequency and 
times of sugar consumption, malnutrition, frequency of 
brushing teeth, fluoride intake or a sedentary lifestyle is a 
complex process (26,27).

Study Limitations

One of the limitations of this study was that the 
sugar and carbohydrate consumption of children was not 

evaluated together with BMIs-for-age. The small sample size 
for severely underweight children was another limitation for 
our study.

Nkambule et al. (17) stated that the incidence of caries 
is associated with an availability of access to health services 
rather than to other factors. In our study, we tried to 
eliminate this parameter by means of a working group who 
could access health services in our clinic. However, it should 
not be forgotten that field studies may reveal different 
results.

Conclusion
Why this paper is important to pediatric dentists/

pediatricians:

- Within the limitations of this study, no relationship 
between the risk of caries and being underweight was found.

- Obesity was found to be an important risk factor for 
oral and dental health.

- Parents should be informed that their child’s body-
mass-index for age has an impact on oral and dental health.
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Introduction
Inflammatory bowel disease (IBD): [Crohn’s disease (CD) 

or ulcerative colitis (UC)] is the result of an immune response 
in individuals with genetic predisposition. It is thought 

that luminal antigens cause systemic immunoreaction due 

to increased intestinal permeability. Triggered systemic 

inflammation results in fibrosis and dysfunction in the 

extraintestinal organs (1,2). Inflammation has effects on 

ABSTRACT

Aim: Inflammatory bowel disease (IBD): [Crohn’s disease (CD) or ulcerative colitis (UC)] is characterised by chronic inflammation with 
multisystemic effects. Myocardial dysfunction may occur during active disease due to increased inflammation. The aim of our study is to 
evaluate the effect of disease activity index at diagnosis on myocardial functions in children with IBD in remission.

Materials and Methods: The study consisted of 34 IBD patients and 21 healty children. Patients were divided into two groups according to 
disease activity at the diagnosis as mild and severe disease activity. Conventional echocardiography and strain echocardiography was performed 
for all study patients.

Results: In IBD patients with severe disease activity at diagnosis, global longitudinal strain of left ventricle (GLLV), longitudinal strain (AP3) and 
(AP4) were lower than patients with mild disease activity at the diagnosis (p=0.043, p=0.032, p=0.028, respectively). Disease activity at the 
diagnosis was inversely correlated to ejection fraction (%), strain values of GLLV, left ventricle apical chamber (LVAP) 3, LVAP2 in UC patients. 
(p=0.047, p=0.016, p=0.029, p=0.011, respectively). Mitral E, DT was lower in IBD patients than control patients (p=0.05, p=0.04). Strain value 
of LVAP4 was lower in CD patients, than UC patients (p=0.046). Strain values of GLLV, LVAP3, LVAP4 was decreased in CD patients than control 
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cardiac structures either in an occult or overt manner. 
In acute exacerbation periods, pericarditis, myocarditis, 
arteritis, valvular regurgitation and tromboembolic events 
can be seen (3-5). Subtle myocardial involvement was 
shown in a few studies due to ongoing chronic low grade 
inflammation (6-8). We studied myocardial functions with 
conventional echocardiography and strain echocardiography, 
which gives more reliable information about global and 
segmental myocardial function. We investigated the effect 
of the severity of disease activity at the time of diagnosis on 
current myocardial functions by strain echocardiography. 
Patients in a remission period were chosen to exclude the 
effects of any increased inflammation of the active disease 
on myocardium.

Materials and Methods
Of the 42 IBD patients followed up in two different 

paediatric gastroenterology centres, 34 patients in 
remission were included in this study. Additionally, twenty-
one healthy children were evaluated as a control group. The 
control group comprised patients referred to a paediatric 
gastroenterology clinic with non-specific abdominal pain 
with no systemic or cardiovascular disease. The diagnosis of 
16 patients in the study group was CD and 18 of them were 
UC. The inclusion criteria of the study group was being in a 
remission period. IBD diagnosis was made based on clinical 
symptoms, radiological, endoscopic, and histopathological 
features according to the Montreal Classification and 
revised Porto Criteria (9,10). Paediatric CD activity index and 
paediatric UC activity index were recorded from the patients’ 
medical records (11,12). The actual height, weight and blood 
pressure of all the patients were recorded. Body mass index 
(BMI) was obtained by means of the formula weight (kg)/
height2 (m). Patients groups were established according 
to disease activity at the time of diagnosis as either mild 
or severe disease activity. There were no patients with 
moderate disease activity at the time of diagnosis. Written 
consent for the study was obtained from the parents of all 
the patients and this study was approved by the local ethics 
committee of the University of Health Sciences Turkey, 
Kanuni Sultan Süleyman Training and Research Hospital 
(approval no: 06, date: 29.06.2018).

Echocardiographic Protocols and Definitions

Echocardiographic evaluation was performed using a 
Philips Affiniti 50C (Release 2.0.2 3000 Minuteman Road 
Andover, MA 01810 USA) echocardiography machine 
and 8-4 Mhz transducer in all subjects. Left ventricular 
diameters and systolic functions were assessed by M-mode 

echocardiography at a parasternal long axis view. Pulsed 
wave Doppler was performed to determine the mitral 
inflow parameters, namely, mitral E velocity, mitral A 
velocity, interventricular contraction time and deceleration 
time (DT).

For strain analysis, standard 2D grayscale images of 
LV were performed. Apical 4-chamber, 3-chamber and 
2-chamber (AP4, AP3 AP2, respectively) views were obtained 
for the longitudinal strain of LV as previously described (13). 
Circumferential strain was obtained by parasternal short-
axis views at the mitral valve plane, papillary muscle plane 
and apical plane (SAXB, SAXM, SAXA, respectively).

Synchronized with continuous electrocardiography, 
five consecutive cardiac cycles were recorded with frame 
rate of 60 and 90 frames per second. At end-systole, 
seven segments for longitudinal strain and six segments 
for circumferential strain were assessed by tracing the 
endocardial border line manually. Global longitudinal strain 
was obtained from the apical four-three-two chamber views 
and circumferential strain was obtained from the basal, 
mid-cavity, apical short axis views using speckle-tracking 
echocardiography software package (QLAB advanced 
ultrasound quantification soft release 10.4).

Statistical Analysis

Twenty-two software package (IBM Corp., Armonk, NY, 
USA) was used for the analysis of the data. The Kolmogorov-
Smirnov test was used to determine the distribution of 
normality. Data is expressed as mean ± standard deviation 
for variables; number and percentages (%) are given for 
categorical variables, Mann-Whitney U and Student’s t-test 
were used for the comparison of groups, whichever being 
more appropriate. For the analysis of correlations, the 
Spearman rank correlation coefficient was used. Statistical 
significance was considered at a p-value <0.05.

Results
This study consisted of 34 IBD patients (median: 11 

years, range: 5-17 years, 10.9±3.9 years of age; 16 CD and 18 
UC) and 21 healthy children (median: 12.5 years, range: 5-18 
years, 11.6±4 years of age) as a control group (p=0.15). All 
patients in the IBD and control groups and in the subgroups 
of severe or mild disease activity were comparable in terms 
of age, sex, height, weight and BMI. Their demographic data 
is shown in Table I.

Eleven patients were undergoing mesalamine therapy, 
23 patients were receiving mesalamine and azathiopurine 
therapy, 3 patients were being treated with mesalamine 
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and infliximab and 1 patient was receiving treatment with 
mesalamine, azathiopurine and infliximab. The duration 
of the disease was 29.4±23.4 months (median: 28 months; 
range: 3-96 months), the duration of treatment was 
23.8±19.8 months (median: 23 months; range: 1-84 months), 
the activity index at the time of diagnosis was 51.3±12.8 
(median: 50; range: 35-85), the activity index at the time 
of test was 7.1±8.4 (median: 5; range: 0-30). There were 3 
patients who had perianal disease, 4 patients who had extra 
intestinal disease, and one patient who had perianal and 
extra intestinal disease.

Four CD and 12 UC patients had mild activity index and 
12 CD and 6 UC patients had severe activity index at the time 
of diagnosis.

There were no statistically significant differences 
between the groups and subgroups in terms of left ventricular 
diameters, ejection fraction (EF%), and shortening fraction 
(SF%). Mitral inflow parameters revealed decreased mitral E 
and DT in IBD patients in comparison to the control patients 
(p=0.05, p=0.04) (Table II). DT was lower in IBD patients 
with severe disease activity in comparison to the control 
group and those IBD patients with mild disease activity 
(p=0.006, p=0.05) (Table III). Mitral E was lower in CD 
patients than in the control patients (p=0.038) and DT was 
lower in UC patients than in the control patients (p=0.02). 
Other conventional echocardiographic parameters were not 
statistically significantly different between the UC, CD and 
control group patients (Table IV).

Strain Echocardiography

There was no statistical difference between the IBD and 
control patients in terms of the strain parameters of the left 
ventricle (Table II).

The strain value of LVAP4 was lower in those patients 
with CD (-17.1±3.3) than in patients with UC (-19.1±2.3) 
(p=0.046) (Table IV). The GLLV, LVAP4, and LVAP3 strain 
values were lower in the CD group than in the control 
patients (p=0.046, p=0.048, p=0.046 respectively). 

In patients with severe disease activity at diagnosis, 
the strain values of GLLV (-17.1±2.9 vs -18.7±1.79), LVAP3 
(-16.4±3.24 vs -19±2.8) and LVAP4 (-17.8±3.5 vs -19±2.5) 
were lower than in those patients with mild disease 
activity at the time of diagnosis (p=0.043, p=0.032, 
p=0.028, respectively). In addition, the strain values of 
GLLV (-17.1±2.9, vs -18±2.04) LVAP3 (-16.4±3.24 vs -17.7±2.7), 
and LVAP4 (-17.8±3.5 vs -18.5±2.1) were lower in those IBD 
patients with severe disease activity than in the control 
patients (p=0.044, p=0.018, p=0.028, respectively) (Table 
III).

Disease activity at the time of diagnosis was inversely 
correlated to EF (%) (p=0.047 r=-0.50) and the strain values 
of GLLV (p=0.016, r=-0.57), LVAP3 (p=0.029, r=-0.53), and 
LVAP2 (p=0.011, r=-0.53) in UC patients.

Discussion
IBD is a chronic inflammatory immune mediated 

disease with acute exacerbation and remission periods. 
Chronic inflammation exists systemically, extending beyond 
the gut in addition to local inflammation. The status of 
chronic inflammation is the main cause of extra intestinal 
manifestations. Cardiac involvement is often in the form 
of pericarditis and myocarditis during acute exacerbation 
periods (14-16). Endocarditis, atrioventricular block and 
arrhythmias are the other forms of cardiac involvement in 
IBD (17,18). Subtle myocardial involvement in IBD patients 
was shown in a few studies via strain echocardiography 

Table I. Demographic and echocardiographic features of study patients

Demographic features of study patients

Mild disease activity Severe disease activity Control p-value p* p†

Gender (M/F) 8/7 10/9 10/11 0.57 0.35 0.47

Age (years) 9.9±2.3 11.9±2.8 11.6±4.02 0.15 0.23 0.68

Weight (kg) 38±10 38.8±9.5 39.4±17 0.25 0.75 0.46

Height (cm) 139±24 141.3±19.4 145.3±22.8 0.54 0.64 0.37

BMI 15.9±2.4 16.8±1.7 17.6±2.8 0.10 0.35 0.78

SBP (mmHg) 98±7.8 105±6.7 101±9.7 0.19 0.44 0.62

DBP (mmHg) 59±8.9 62±9.2 60.4±10.4 0.09 0.12 0.38

Pulse Pressure 41±6.7 40.9±5.8 42.6±6.4 0.23 0.35 0.17

p: p-value for mild disease activity vs severe disease activity, p*: p-value for severe disease activity vs control, p†: p-value for mild disease activity vs control
M/F: Male/Female, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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(6-8). Subclinical myocardial involvement cannot be shown 
by standard conventional echocardiography because of its 
limitations, such as being angle and geometry dependent and 
also being affected by volume load. Strain echocardiography 
provides segmental myocardial wall functions and is not 
dependent on the angle or the user.

Hensel et al. (6) showed that the global strain rate was 
depressed in paediatric IBD patients who were in active or 
remission periods in comparison to control patients. We 
demonstrated that children with severe disease activity at 
diagnosis had worse global longitudinal strain than those 
children with mild disease activity at diagnosis.

It was revealed that the disease activity index of CD was 
inversely correlated to the global longitudinal strain of LV 
in adult IBD patients (7). In adult patients with CD and UC 
disease, the activity index was correlated inversely to the 

global longitudinal strain (7,8). Hensel et al. (6) found no 
difference in terms of myocardial functions shown by strain 
echocardiography between CD and UC patients. However, 
we showed that the longitudinal strain parameters were 
depressed in CD in comparison to both the control patients 
and the UC patients. On the other hand, we found that 
disease activity at diagnosis was inversely correlated to the 
EF% and global strain value of the left ventricle in paediatric 
UC patients.

Chronic inflammation is associated with increased 
collagen type I, III, and V in IBD patients (19-23). The 
increased synthesis of procollagen type 3 also plays a 
role in the fibrosis process of other organs such as the 
pancreas, lungs and liver in IBD (23-25). Abnormal collagen 
deposition (increased serum procollagen 3 peptides) in 
peripheral circulation and the degradation of type I collagen 
was shown in IBD cases (19,20). Increased procollagen 
type 3 is a marker used in the follow-up and prediction of 
the prognosis in dilated cardiomyopathy and heart failure 
(26,27). In the adult group, the risk of cardiac disease-
related hospitalization was found to be 37%, especially in 
the acute exacerbation phase of the disease (28). Acute 
hyperinflammation is another important risk factor for 
myocardial decompensation. Fibrosis and fibrosis related 
abnormal collagen composition may be the cause of 
ventricular volume increases and myocardial dysfunction. 
Thickening of the mitral valve and mitral valve prolapse may 
be associated with this finding in IBD patients (29).

Altered endothelial dysfunction was shown in the 
gut of IBD patients (30). Endothelial dysfunction is not 
restricted to the gut endothelium, but it is seen in the entire 
endothelium as a marker of the systemic extent of the 
inflammation (31,32).

Decreased mitral E and DT shows impairment in 
the early filling of the left ventricle, especially in those 
patients with severe disease activity. The effect of both 
chronic inflammation and flares of acute exacerbations on 
myocardial function and cardiovascular health has been 
shown in studies in adult IBD patients. It has been shown that 
adult IBD patients have coronary microvascular dysfunction 
leading to myocardial systolic and diastolic dysfunction 
(33). A study conducted with the adult population revealed 
that for myocardial infarction, having IBD is an independent 
risk factor (34).

We demonstrated the effect of disease severity at 
the time of diagnosis on long-term myocardial function. 
In paediatric patients, the negative effects of systemic 
inflammation on myocardium at the time of diagnosis 

Table II. Conventional and strain echocardiographic features of 
IBD and control patients

Demographic features of study patients

IBD Control p-value

M-Mod echocardiography

IVSd/m2 (mm) 6±1.33 5.8±1.32 0.82

LVDd/m2 (mm) 35.4±7.24 35.6±8.1 0.80

LVDs/m2 (mm) 22.9±5.1 22.2±4 0.70

LVPwd/m2 (mm) 42.8±0.73 43.4±0.86 0.47

SF (%) 34.8±3.72 37.4±5.8 0.13

EF (%) 64±4.26 67.4±5.74 0.07

Mitral ınflow parameters

Mitral E (cm/s) 90.6±14.4 98.4±16.3 0.05

Mitral A (cm/s) 63.3±15.8 59.4±12.4 0.22

DT (s) 149±0.32 177±0.37 0.04

IVRT (s) 64.7±15.5 61.9±6.8 0.26

Strain echocardiography measurements

LVAP4 (%) -18.3±3.03 -18.5±2.1 0.70

LVAP3 (%) -17.8±3.5 -17.7±2.7 0.97

LVAP2 (%) -17.7±3.07 -18.1±2.8 0.54

GLLV (%) -17.9±2.7 -18±2.04 0.50

SAXB (%) -18.1±4.4 -20.7±5.1 0.90

SAXM (%) -20.7±5.2 -23.4±5.3 0.11

SAXA (%) -24.7±8 -25.6±6.1 0.69

GLSAX (%) -23.4±9.1 -23.2±3.04 0.95

IBD: Inflammatory bowel disease, m2: body surface area, IVSd: Interventricular 
septal defect, LVDd: Left ventricular diastolic diameter, LVDs: Left ventricular 
systolic diameter, SF (%): Shortening fraction, EF (%): Ejection fraction, DT: 
Desceleration time, IVRT: Isovolumetric relaxation time
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Table III. Echocardiographic features and strain echocardiographic measurements in IBD patients with mild disease activity, IBD patients 
with severe disease activity and control patients 

Mild disease activity Severe disease activity Control p-value p* p†

IVSd/m2 5.7±1.43 6.3±1.21 5.8±1.32 0.64 0.65 0.39

LVDd/m2 34.4±7.1 37.8±4.8 35.6±8.1 0.43 0.23 0.43

LVSd/m2 22.5±3.1 23.3±4.4 22.2±4.1 0.56 0.85 0.21

LVPwd/m2 4.4±0.61 4.11±0.64 4.34±0.86 0.22 0.47 0.19

SF% 35.6±2.72 33.5±3.9 37.4±5.8 0.36 0.09 0.09

EF% 66±3.16 62±3.41 67.4±5.74 0.22 0.07 0.78

Mitral E 93.7±12.4 89.4±14.5 98.4±16.3 0.54 0.89 0.79

Mitral A 64.2±14.5 61.5±13.2 59.4±12.4 0.65 0.63 0.53

DT 167±5.2 131±4.9 177±3.7 0.05 0.006 0.46

IVRT 63.7±14.5 65.3±13.3 61.9±6.8 0.77 0.44 0.63

LVAP4 -19±2.5 -17.8±3.5 -18.5±2.1 0.028 0.028 0.43

LVAP3 -19±2.8 -16.4±3.24 -17.7±2.7 0.032 0.018 0.76

LVAP2 -18.2±1.98 -17.4±3.5 -18.1±2.8 0,65 0.08 0.91

GLLV -18.7±1.79 -17.1±2.9 -18±2.04 0,043 0.044 0.54

SAXB -18.3±4.1 -18.6±3.1 -20.7±5.1 0.55 0.67 0.58

SAXM -20.6±5.1 -21±5.9 -23.4±5.3 0.63 0.71 0.51

SAXA -25.6±6.5 -23.6±9 -25.6±6.1 0.39 0.61 0.48

GLSAX -21.7±3.9 -25.1±1.24 -23.2±3.04 0.83 0.72 0.63

LVAP: Left ventricle apical chamber, GLLV: Global longitudinal left ventricle strain, SAXB: Short axis basal strain (mitral valve plane), SAXM: Short axis medial strain 
(papillary muscle plane), SAXA: Short axis apical strain, GLSAX: Global short axis strain, IBD: Inflammatory bowel disease
p: P-value for mild disease activity vs severe disease activity
p*: P-value for severe disease activity vs control
p†: P-value for mild disease activity vs control

Table IV. Strain echocardiographic measurements of ulcerative colitis, Crohn’s disease and control patients

UC CD Control p-value p* p†

M-mod echocardiography

IVSd/m2 6.5±1.38 6.1±1.1 5.9±1.3 0.12 0.09 0.08

LVDd/m2 38±7.4 37.4±7.7 35±8.1 0.45 0.089 0.067

LVSd/m2 25.1±4.4 23.3±3.9 22.2±4 0.54 0.61 0.86

LVPwd/m2 4.6±0.7 4.4±0.3 4.3±0.8 0.61 0.77 0.43

SF (%) 34.9±3.5 36±3.7 37.4±5 0.21 0.32 0.27

EF (%) 64.5±4.5 64±3.9 67.4±5.7 0.27 0.33 0.41

Mitral inflow parameters

Mitral E 92.8±15.9 86.7±18.5 97.4±14.3 0.08 0.038 0.62

Mitral A 64±17 58.5±17 59.4±12 0.21 0.66 0.12

DT 142±34 130±49 149±28 0.09 0.63 0.02

IVRT 60±11 69±18 62±18 0.15 0.09 0.28

Strain echocardiography measurements

LVAP4 -19.1±2.3 -17.1±3.3 -19±1.9 0.046 0.048 0.65
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continue even after the patient is in remission. In our study, 
the myocardial functions of children with severe disease 
activity at the time of diagnosis, ascertained via strain 
echocardiography, were found to be impaired compared to 
those with mild disease activity at the time of diagnosis. 
We could not find any difference between the IBD and 
control patients in terms of myocardial functions via strain 
echocardiography. This may be due to the shortness of 
the follow-up period and the fact that the patients were 
in remission. We can conclude that “the more severe 
the inflammation is at the time of diagnosis, the more 
subclinical myocardial dysfunction there is in the long 
term”.

Conclusion
Our study revealed that the severity of disease activity at 

the time of diagnosis has long-lasting effects on myocardial 
functions in those children with IBD. In this study, the 
systolic dysfunction of our patients was assessed after a 
rather short follow-up period. A longer term follow-up 
study to observe myocardial functions in IBD patients with 
both mild and severe disease activity is needed in future 
studies.
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Introduction
The management of vesicoureteral reflux (VUR) in 

complete renal duplex systems remains a controversial issue. 
In this patient group, the spontaneous resolution of VUR (1), 
urinary tract infection (UTI) incidence (2,3), reflux grade, 
and the success of surgical treatment (4,5) are affected 
by certain anatomic factors. Endoscopic management of 
VUR has reached worldwide popularity because it is easy 
to apply, and has short hospital stay with superior patient 
comfort in children, with the inclusion of duplex systems 

(6-9). In this study, we reviewed our experience in an aim to 
evaluate the safety and efficacy of endoscopic subureteric 
injection to correct VUR in complete duplex systems with 
documented indications for anti-reflux surgery.

Materials and Methods
The hospital records of complete renal duplex system 

patients who underwent endoscopic subureteric injection 
for VUR between 2009 and 2018 were reviewed. Those 
patients with partial duplication of the ureter(s) or 
documented bladder-sphincter dysfunction were excluded. 

ABSTRACT

Aim: Standardization of an optimal treatment protocol for vesicoureteral reflux (VUR) correlated with duplex kidney systems remains 
controversial. In this study, we reviewed our experience in endoscopic subureteric injection to correct reflux in duplex systems with documented 
indications, in an aim to confirm its position as an alternative means of open surgery.

Materials and Methods: The hospital records of complete renal duplex system patients who had experienced endoscopic subureteric injection 
for VUR between 2009 and 2018 were reviewed. The indications for the amelioration of VUR included breakthrough urinary tract infection (UTI) 
along with the presence of renal scarring.

Results: A total of 24 patients (18 girls, 6 boys) with refluxing renal duplex systems were included in the study. The mean age at first injection 
was 46.4±28.8 months (5-160) and the mean duration of follow-up was 47.25±27.7 months. The success rate with the initial injection was 83.3% 
(20/24). The mean volume of material injected was 0.68±0.49 mL per duplex system.

Conclusion: Management of reflux in duplex systems is still controversial with insufficient data. Our results suggest that endoscopic 
management should be considered as an alternative to open ureteral reimplantation in refluxing duplex renal collecting systems. Major open 
surgery and accompanying discomfort can be avoided by an endoscopic injection which can be performed as an outpatient procedure in most 
of the reflux patients with duplex system who have an indication for surgical management.

Keywords: Vesicoureteral reflux, duplex renal systems, endoscopic reflux treatment, subureteric injection, pediatric
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The indications for VUR correction included breakthrough 
UTI or the existence of renal scarring. Breakthrough UTI 
was defined as one with fever (>38 °C) and proven with a 
catheter collected urine culture that happened during a 
course of antibiotic prophylaxis. Lower UT (LUT) functions 
were evaluated by detailed anamnesis (such as constipation, 
storage/voiding symptoms), voiding frequency/volume 
chart, uroflow studies, bladder wall thickness, and post-void 
residual measurement for those children who had voluntary 
control over their LUT function. If the child was <5 years 
of age and did not have voluntary control, LUT function 
was accepted as normal if the bladder wall thickness and 
post-void residual measurements were in range. Invasive 
urodynamic studies were not routinely used to evaluate LUT 
function. All families were informed about VUR treatment 
options and the expectations regarding their success rates 
in duplex systems. The choice of an open or endoscopic 
method was left to the family as a treatment method. 
Those who elected for open surgery were not included in this 
study. Informed consent was obtained from the parents/
legal guardians of the patients before the procedure. Data 
including preoperative and postoperative VUR grades, the 
presence of contralateral VUR, the presence of ureterocele, 
the site of refluxing renal moiety, the amount of injected 
material, patient demographics, and the success rates 
following endoscopic treatment were recorded.

Reflux classification was made according to the 
International Reflux Study in Children, also known as 
the International Classification (10). The procedure was 
performed via 9.5 Fr., 0° cystoscope (Storz, Tuttlingen, 
Germany) under general anesthesia. Polyacrylate polyalcohol 
copolymer (PPC) (Vantris®, Promedon, Argentina) was 
applied submucosally at the most suitable position(s) of 
the ureteral orifices until the creation of a significant 

bulge using a Williams cystoscopic injection needle (Cook 
Medical®, Bloomington, USA). A standard method was not 
applied for subureteric injection, and injections were made 
at the appropriate place(s) and in the appropriate number 
according to the anatomical features. All procedures 
were performed according to the outpatient protocol and 
complete resolution of reflux in voiding cystourethrogram 
(VCUG) obtained at least three months after injection was 
defined as the success criterion. If persistent reflux was 
detected, the injection was repeated, or open surgery was 
performed depending on clinical features and parental 
choice.

Ultrasound examinations were carried out at the first, 
third, and sixth months for post-operative control, and 
afterward, performed yearly for the follow-up of findings 
such as increased or newly developed hydroureteronephrosis 
suggesting obstruction. The approval for this study was 
obtained from the Ethics Committee of Ege University 
Faculty of Medicine, under the number 20-5.1T/27.

Results
Twenty-four patients (18 girls, 6 boys) with refluxing 

duplex kidneys were involved in the study. The mean age was 
46.4±28.8 months (5-160) at first injection, and the mean 
duration of follow-up was 47.25±27.7 months. Pre-operative 
scintigraphic examination revealed a loss of function in 14 
patients and localized scarring in 6 patients. The success 
rate with the initial injection was 83.3% (20/24). The success 
rates for grade IV and grade V reflux in duplex systems were 
80% and 83.3%, respectively. The mean material volume 
injected was 0.68±0.49 mL per duplex system at the first 
injection. A flowchart showing the overall management 
steps for the study group is summarized in Figure 1.

Figure 1. The steps of overall management for the study group

OAB: Overactive bladder, UTI: Urinary tract infection
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Twenty-one of the 24 patients had unilateral, and 3 had 
bilateral duplex systems with unilateral reflux. Fourteen 
patients had reflux to the left and 10 patients to the right 
kidney. Eighteen patients had reflux to the lower moiety, 
one patient only had reflux to the upper moiety, and 5 
patients had reflux to both upper and lower moieties. Six 
ureters had grade V reflux, 10 had grade IV reflux, 8 had 
grade III reflux, and 5 had grade II reflux. Twelve patients 
had a unilateral refluxing duplex system coexisting with 
contralateral reflux into a single system, and all refluxing 
units were treated successfully with a single injection in 
these patients.

Twenty of the 24 patients (83.3%) were treated 
successfully at the first injection. Two of 4 patients were 
treated with a second endoscopic subureteric injection, and 
only one of these succeeded. Two of the 4 patients whose first 
subureteric injection failed had metachronous contralateral 
reflux. Eventually, 3 patients had an open surgical procedure 
for persistent VUR. In these cases, ureteroneocystostomy 
was performed in line with the choices of the families. 
During the open surgeries, subureteric injection materials 
did not complicate ureteric dissection.

Two of the patients had incised ureteroceles, and reflux 
(one to the upper moiety and the other one to the lower 
moiety) was treated successfully with the first subureteric 
injection in both cases. One of them had recurrent UTI 
in the postoperative 6th year. She also had complaints 
of overactive bladder (OAB). VCUG revealed recurrent 
grade III VUR to the upper moiety. OAB was treated with 
anticholinergics, and she did not have any subsequent UTI 
on the follow-up without prophylaxis. Our patients did 
not have gross hematuria or urinary retention, and neither 
early post-operative febrile UTI episodes nor new-onset 
hydronephrosis were seen on follow-up.

Discussion
Renal duplication, which is the UT’s most common 

congenital abnormality, has an incidence of 0.8% to 2% (3 
4,11,12). Duplex systems can be associated with nearly 8% of 
children admitted to the hospital with febrile UTIs (9,13,14), 
and VUR is present in 70% of these children (2-4,12). VUR 
has an incidence of 56% in patients with a duplex system 
and occurs in the lower moieties in 75% of cases (1). As 
compatible with the literature, 18 of 24 patients (75%) had 
reflux into the lower moiety in our study.

In VUR patients, long-term antibiotic prophylaxis is not 
without concerns, such as increased bacterial resistance, 
and a high rate of recurrent UTI (1,4,15). On the other hand, 

the spontaneous resolution rate, especially of high-grade 
VUR in duplex systems, is lower in comparison to single 
renal systems due to the anatomic configuration of the 
region (1,4,7,8), and these patients have a greater likelihood 
of recurrent UTI and renal parenchymal scarring (4,8,13). 
Hunziker et al. (4) reported a febrile UTI rate of 4.1% in 
their study, with Dextranomer/Hyaluronic acid (Dx/HA) 
injection for VUR in duplex system patients. In our study, 
one patient (4.1%) had recurrent febrile UTI in the follow-up, 
and she was the only patient who had new renal scarring 
and long-term recurrence of VUR despite initially successful 
endoscopic treatment.

While open surgery is accepted as the gold standard 
with a success rate of over 95%, it is more complex and 
carries a higher risk of complications than for single-
system cases due to anatomical variations (8,16). Similar 
to those with single-system reflux, the advantages of the 
STING procedure in a refluxing duplex system are that it 
can be performed with a short anesthesia time and is well 
tolerated so that it can be performed as an outpatient 
procedure (6,7,16). STING is currently recommended for 
use in complex VUR, including duplex systems (16). In our 
study group, breakthrough UTI and renal parenchymal 
scarring were the indications for surgical treatment. The 
families were informed about open and endoscopic surgical 
techniques, and they were allowed to decide on the surgical 
treatment method.

There are controversies regarding endoscopic treatment. 
Repeated injections for unsuccessful attempts increase the 
number of anesthesia sessions. Furthermore, its success 
rate may decrease with time, and the treatment may 
even become ineffective at long-term follow-up (16). In a 
multicenter trial, between 6 months and 3 years, the late 
recurrence rate was 21% after subureteric Dx/HA injection 
for VUR treatment (17,18). Only one of our patients who 
presented with OAB and recurrent UTI complaints and was 
treated medically had recurrent reflux during 6 years of 
follow-up. Since we do not perform routine VCUG in our 
patients without symptoms during long-term follow-up, we 
cannot give a figure regarding reflux recurrence rates over a 
long-term in our series.

The overall ratio of VUR resolution increases with 
multiple endoscopic injections (9). In our series, the families 
of 4 patients with unsuccessful first injections were given 
repeat injection or open surgery options. Only two families 
preferred the second injection, and the other two preferred 
open surgery. One of the two patients was successfully 
treated with a second injection, and the other patient 
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needed open surgery after the second failure via injection. 
The resolution rate of reflux in our patients was 83.3% (20 
of 24 patients) after the first injection and this increased to 
87.5% after the second injection.

In a systemic review of published studies on the 
endoscopic management of VUR in patients with the 
duplex systems, the predicted probability of success was 
reported to be 68% for the single system and 64% for the 
duplex system (4,8). In our series, the success rate with 
the first injection was higher than for similar studies in the 
literature. Since subureteric injections in our patients were 
not performed by a single surgeon or with a standardized 
method, the reason for this high success may be related to 
the injected material.

Kocherov et al. (19), in a multicenter survey study, found 
the success rate to be 93.8% (759 of 809 renal units) after 
the first PPC injection, including both primary and complex 
VUR patients. Furthermore, Tekin et al. (20) obtained a 
higher success rate for the first injection in the PPC group 
(90.5%) than in the Dx/HA group (62.4%) in their study 
which included 260 primary and secondary VUR patients. 
These high success rates published in the literature show 
that our high success rates in endoscopic VUR treatment 
in duplex systems may be related to the material used for 
subureteric injection. Although PPC is known to have a 
relatively high success rate in the treatment of endoscopic 
VUR, postoperative obstruction was also reported in relation 
to the amount of material used (above 2 mL) at a rate of 
11% requiring treatment and 5.6% requiring open surgical 
treatment in the study of De Badiola et al. (21) in 2013. 
The postoperative obstruction rate was only 0.7% after 
subureteric injection of Dx/HA up to 1 ml in the study of 
Vandersteen et al. (22) in 2006. Urinary obstruction was not 
observed in any of our patients in the follow-up of mean 47 
months; thus, the mean volume injected per duplex system 
was 0.68 mL in our study. Hunziker et al. (4) reported the 
success rate to be 67.2% with grade IV and 45.5% with 
grade V reflux in complete duplex systems. In our study, the 
success rate for grade IV reflux in duplex systems was 80%, 
and for grade V reflux, it was 83.3%. These high success 
rates support the idea that subureteric injection therapy 
can be preferred in duplex system patients with high-grade 
reflux. Moreover, in 5 patients with upper and lower moiety 
reflux, the success rate was as high as 80% with the first 
injection and 100% with the second.

Study Limitations

Our study has some limitations. It was a retrospective 
study and we did not have a control group. In duplex 

systems, the distance between the anatomic features 
and the location of duplicated ureteral orifices may 
differ. Although the puncture site of the needle can be 
standardized in the STING method for single system 
ureters, this is not easy to achieve for duplex systems. The 
injection number per operation or method could not be 
analyzed statistically in this study due to the low number 
of patients in the groups.

Although there are studies with higher patient numbers, 
the high success rate of our study is noteworthy (3,6). 
While the parents were routinely informed, the possibility 
that some parents did not report the occurrence of 
febrile UTI after recovery from VUR should be considered. 
Prospective randomized studies are required to confirm 
our results.

Conclusion
The management of reflux in duplex systems is still 

controversial and there is insufficient data. Our results 
suggest that endoscopic management should be considered 
as an alternative to open ureteral re-implantation in 
refluxing duplex renal collecting systems. Major open 
surgery and its accompanying discomfort can be avoided 
by an endoscopic injection, which can be performed as an 
outpatient procedure in most reflux patients with a duplex 
system who have an indication for surgical management.
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Introduction
Non-syndromic cleft lip/palate (CL/P) is one of the most 

common congenital craniofacial abnormalities worldwide. 
Non-syndromic CL/P’s etiology is multifactorial based on 
the interaction of genetic and environmental factors (1). 
CL/P may be associated with one of many syndromes, as 
approximately 275 syndromes with orofacial clefts as a 
primary feature have been identified. Etiologies include 

mutation of a single genetic locus, teratogenic factors, and 
chromosomal abnormalities (2). The development of facial 
structures occurs between the fourth and twelfth weeks 
of pregnancy, with the left and right sides of the facial 
structures fusing in the middle of the fetus’ body during this 
time; however, if the parts of the face do not fuse properly 
due genetic or environmental factors, craniofacial clefts will 
occur (3-5).

ABSTRACT

Aim: The aim of this study is to determine the level of knowledge and awareness of pediatricians about pre-surgical orthopedic treatment and 
nasoalveolar molding (NAM) of newborns with cleft lip and/or palate (CL/P).

Materials and Methods: We conducted a 10-item questionnaire and sent emails to 600 pediatricians in Türkiye. The title, professional experience, 
institution of employment of the participants and their knowledge level about preoperative maxillary orthopedic treatment and NAM practices 
of newborns with CL/P were evaluated. 

Results: One hundred-twelve pediatricians responded to the questionnaire. There was no statistically significant difference in the knowledge 
level regarding the preoperative treatment of newborns with CL/P between  experienced and inexperienced pediatricians (p>0.05). When 
the knowledge levels about preoperative treatment and NAM applications of newborns with CL/P were evaluated, no statistically significant 
difference was found between pediatricians with more or less than 5 years’ experience (p>0.05). All pediatricians who participated in the 
questionnaire reported that they referred newborns with CL/P to at least one specialist (orthodontist, dentist or plastic surgeons). The most 
frequently referred specialist group was plastic surgeons (84%), followed by orthodontists (52%) and dentists (39%). A linear regression was 
found between the number of cases seen and the professional experience year of pediatricians. 

Conclusion: Increasing the awareness and knowledge of pediatricians about NAM, pre-surgical orthopedic and other treatment alternatives 
in newborns with CL/P is very important for the success of CL/P treatment. Newborns with CL/P should be referred to an orthodontist by 
pediatricians as soon as possible after birth to initiate the treatment process.
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CL/P should be treated with a multidisciplinary 
approach involving many specialists including 
pediatricians, obstetrician-gynecologists, speech 
therapists, plastic surgeons, orthodontists, and dentists. 
The first and most important obstacle in the treatment of 
infants born with CL/P is nutrition. As a general method, 
this problem is addressed with passive feeding plates. It 
is also possible to approximate the cleft segments closer 
to each other and to extend the columella by making 
active regulatory additions to the feeding plates. This is 
the best method to improve facial aesthetics to date (3). 
The treatment approach of the clinical team following 
the patient will determine the individual treatment 
protocol. Although newborns with CL/P undergo many 
reconstructive surgeries throughout their lives, they may 
continue to have aesthetic challenges as they grow up. 
Therefore, determining the right treatment approach is 
one of the most important missions of the clinical team. 
The basic treatment protocol for patients with CL/P 
consists of pre-surgical orthopedic appliances, surgical 
repair of the lip and palate, and treatment of associated 
complications such as speech, otology, and dental 
anomalies. Pre-surgical orthopedics have many important 
advantages which include: reducing the gap between the 
alveolar and maxillary segments, aligning and correcting 
the nasal cartilage, lengthening the columella, minimizing 
the formation of scar tissue after surgery due to the cleft 
segments being closer to each other, reducing the need 
for secondary surgery, enabling the surgeon to perform 
gingival perioplasty and ultimately preventing the need 
for secondary alveolar grafting, and producing more 
consistent postoperative results (6-9).

Nasoalveolar molding (NAM) is one of the important 
pre-surgical orthopedic techniques (10,11) (Figure 1). Matsuo 
et al. (12) introduced a pre-surgical orthopedic technique 

that first focused on molding the cartilage. Grayson and 
Maull (13) applied the theory that newborn cartilaginous 
tissues are softer and their plasticity higher due to the 
level of estrogen transferred from the mother to the nasal 
cartilages of newborns with CL/P, introducing the NAM 
appliance and its benefits (3,8).

Pediatricians are physicians who are responsible for 
monitoring the overall health of newborns, infants, and 
children. The early diagnosis of various dental conditions 
is critical in the success of patient treatment. Pediatricians 
who encounter patients with CL/P play an important role in 
determining and forming the appropriate multidisciplinary 
team care (2,14). It is important to direct the parents of 
newborns with CL/P to a specialist as soon as possible for 
the purpose of applying a NAM appliance. This responsibility 
falls to pediatricians, who are usually the first clinicians to 
encounter newborns with CL/P.

The purpose of this study was to determine the level of 
knowledge and awareness of pediatricians regarding NAM 
and the pre-surgical orthopedic treatment of newborns 
with CL/P.

Materials and Methods
We performed a questionnaire study on pediatricians 

who were randomly selected from all over Türkiye. The study 
was approved by the Clinical Research Ethics Committee 
of Ordu University (no: 2021/9). The survey was specifically 
designed by the researchers using Google Forms©. Emails 
were sent to 600 pediatricians. Of the 600 pediatricians, 
112 agreed to participate in the study. The sample size was 
calculated in the G*Power (version 3.1.9.2; Axel Buchner, 
Universität Düsseldorf, Düsseldorf, Germany) program and 
the total sample size required to detect a medium-sized 
effect with 90% power (effect size: 0.60) was found to 

Figure 1. Nasoalveolar molding appliance
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be 98 for this study. The questionnaire consisted of 10 
questions in 2 parts. First, demographic information such 
as title, workplace, and years of experience was recorded. 
Pediatricians who had greater than 5 years’ experience in 
pediatrics were described as experienced, while those who 
had 5 or less than 5 years of pediatric experience were 
described as inexperienced. In the second part, participants 
were queried about their knowledge of CL/P and the NAM 
appliance.

Statistical Analysis

Statistical analysis was performed using the SPSS 
software (SPSS for Windows version 20.0; SPSS Inc, 
Chicago, Illinois). Descriptive statistics were determined 
for the evaluated parameters. For categorical variables, 
percentages were calculated. Pearson chi-square and 
Fisher’s exact tests were used to compare the pediatricians’ 
level of knowledge about pre-surgical orthopedic treatment 
and the NAM appliance. Logistic regression analyses were 
performed to evaluate the effect of gender and years in 
practice on knowledge and referral to specialists for pre-
surgical orthopedics and NAM therapy. Gender, years of 
experience, number of cases seen, and workplace served 
as the independent variables, while knowledge and referral 
to specialists were the dependent variables. Model fit 
was checked using the Hosmer-Lemeshow test. Statistical 
significance was accepted at p<0.05.

Results
A total of 112 pediatricians responded to the 

questionnaire, with a higher number of females (72.3%) 

than males (27.7%). Of the participants, 50% reported 
working as pediatricians for less than 5 years, and 50% 
reported working for more than 5 years. Most of the 
respondents reported working in a university hospital 
(50%), while 32.1% reported working in a state hospital 
and 17.9% reported working in a private hospital/practice. 
The demographic characteristics of pediatricians as well as 
their knowledge of NAM can be seen in Table I. There was 
a statistically significant number of pediatricians who had 
encountered newborns with CL/P and had knowledge of 
NAM therapy (p<0.001).

In the questionnaire, 84% of pediatricians reported 
that they redirect newborns with CL/P to plastic and 
reconstructive plastic surgeons, 52% redirect to an 
orthodontist, and 39% redirect to a dentist. All respondents 
reported referring newborns with CL/P to at least one of 
these three departments (Figure 2).

There was a statistically significant difference in the 
knowledge level regarding the preoperative treatment 
of newborns with CL/P between experienced and 
inexperienced pediatricians (p>0.05). Moreover, there was a 
statistically significant difference between experienced and 
inexperienced pediatricians in the number of newborns with 
CL/P examined (p<0.05). The difference in knowledge level 
regarding NAM treatment and applications for newborns 
with CL/P between experienced and inexperienced 
pediatricians was not statistically significant (p>0.05) 
(Table II).

According to the results of multivariate analysis for 
the effect of gender, workplace, experience, and number of 

Table I. Demographic characteristics of pediatricians about the knowing NAM therapy

Parameter % Yes No p-value

Gender
Male 27.7 12 19

0.775α

Female 72.3 29 52

Number of cases

None 8.9 1 9

0.001β
0-10 68.8 23 54

11-20 12.5 9 5

>20 9.8 8 3

Experience
5 or less than 5 years 50 17 39

0.170α

More than 5 years 50 24 32

Workplace

University hospital 50 23 33

0.409αState hospital 32.1 10 26

Private practice 17.9 8 12
αPearson chi-square test results; βFischer’s Exact test results
NAM: Nasoalveolar molding
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cases encountered on knowledge of NAM therapy, a linear 
regression was only seen between the number of cases 
encountered and years of experience (Table III). There was 
no correlation between years of experience and the level of 
knowledge about the NAM appliance.

Discussion
CL/P is one of the most common orofacial malformations, 

with orofacial clefts occurring in approximately 1 in 700 live 
births (15,16). Pediatricians play an important role in forming 
the multidisciplinary treatment team for patients with 
CL/P. Our study aimed to measure the level of pediatrician 
awareness regarding NAM therapy, which is one of the 
most prevalent pre-surgical orthopedic treatments for CL/P. 

Orofacial clefts are one of the most common congenital 
anomalies, with a higher prevalence than neural tube defects, 
though the prevalence of cardiovascular malformations is 
higher (17,18). In the present study, 10 pediatricians (9%) 
reported having never been at the birth of a newborn with 
CL/P, while 11 pediatricians reported taking part in the 
birth of more than 20 newborns with CL/P. Experienced 
pediatricians were found to have seen more cases of CL/P 
than inexperienced pediatricians, and this difference was 
statistically significant.

In the 1950s, modern methods of pre-surgical orthopedics 
began with the acrylic plates used by McNeil (19) in patients 
with CL/P. McNeil (19) used these plates to reduce the space 
between the hard palate and the alveolar segments. Many 
modifications of this appliance have since been used for 
orthopedic treatment before surgery, being used either 
actively or passively depending on the indication for its use. 
Grayson and Maull (13) introduced the NAM appliance that 
was based on the shaping of the nasoalveolar segments in 
the first weeks after a newborn’s birth, and this is now one 
of the most up-to-date appliances used for pre-surgical 
orthopedic treatment. The NAM appliance is one of the latest 
and most important treatment techniques as it enables 
the surgeon and patient to benefit from a cleft deformity 
repair that is of minimal severity (3,7,13). While approximately 
67% of the pediatricians who participated in the survey 
stated that they had knowledge of pre-surgical orthopedic 
treatments, the remaining participants stated that they did 
not have any knowledge on this subject. Of the pediatricians 

Table II. Responses of pediatricians according to their level of knowledge about preoperative treatment of CL/P

Answer Experience less 
than 5 years

Experience more 
than 5 years p-value

Do you have any information about presurgical orthopedics performed 
before surgical treatment in CL/P newborns?

Yes 33 42
0.071α

No 23 14

How many CL/P newborn patients have you examined?

None 7 3

0.021β
0-10 43 34

11-20 4 10

>20 2 9

Have you heard about the use NAM therapy in newborns with CL/P?
Yes 38 43

0.291α
No 15 13

Do you know what NAM and its’ purpose?
Yes 17 24

0.170α

No 39 32

Do you know who performed the NAM therapy?
Yes 18 27

0.083α

No 38 29
αPearson chi-square test results, βFischer’s Exact test results
CL/P: Cleft lip and/or palate, NAM: Nasoalveolar molding

Figure 2. The % distributions of the pediatricians redirect CL/P 
newborns related departments for NAM

NAM: Nasoalveolar molding
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without knowledge of pre-surgical orthopedic treatment, 62% 
consisted of pediatricians with less than 5 years of experience. 

When asked about NAM and its purpose in patients with 
CL/P, 41 providers (37%) stated that they had knowledge 
of this appliance and its purpose, while 71 providers (63%) 
stated that they did not have any knowledge of NAM. There 
was no statistical difference between the experienced and 
inexperienced groups regarding this question. According 
to this result, pediatricians in Turkey do not have enough 
knowledge of NAM therapy and its purpose. Such a low rate 
of awareness is surprising, as the NAM appliance is used quite 
frequently in pre-surgical orthopedic treatment for patients 
with CL/P. In a previous study that aimed to measure the 
attitude of cleft care specialists working in Africa towards 
the NAM appliance, NAM was only used by orthodontists 
and consequently, orthodontists had a stronger positive 
attitude towards pre-surgical orthopedics than other 
specialists (general surgeons, plastic surgeons, oral and 
maxillofacial surgeons, otolaryngologists, anesthetists, and 

general nurses). Similar to the results of our study, the 
popularity of NAM was limited among pediatricians (20).

We could not identify any other survey study assessing 
pediatrician awareness and knowledge of pre-surgical 
orthopedic treatment and the NAM appliance in the 
literature, which limited the comparisons with our study 
findings. When asked if providers knew who performed 
NAM applications, 45 providers (40%) stated that they 
knew, while 67 providers (60%) stated that they did not 
know. This was a similar response to the response we 
received to the previous question.

Another question asked to pediatricians in the 
questionnaire was, “Who do you refer the newborns 
with CL/P to?” All pediatricians reported that they direct 
patients to at least one specialist, 84% to plastic and 
reconstructive surgeons, 52% to orthodontists, and 39% 
to dentists. CL/P should be treated by a multidisciplinary 
team and this approach involves many specialists 

Table III. Multivariate analysis for the effect gender, workplace, experience and number of cases on knowledge NAM therapy

Parameter p-value OR 95% CI

Do you have any information about orthopedic 
applications performed before surgical treatment of lip-
palate cleft in newborn with lip-palate cleft?

Gender
F*

0.457 0.69 0.26-1.82
M

Experience
Less than 5 years

0.293 1.57 0.68-3.61
More than 5 years*

Number of cases

None*

0-10 0.012 23.33 1.99-273.29

11-20 0.245 3.51 0.42-29.17

>20 0.416 2.73 0.24-30.66

Workplace

University hospital*

State hospital 0.457 1.60 0.46-5.53

Private practice 0.396 1.76 0.48-6.49

Do you know what NAM and its’ purpose?

Gender
F*

0.775 0.88 0.38-2.07
M

Experience
Less than 5 years

0.171 1.72 0.79-3.74
More than 5 years*

Number of cases

None*

0-10 0.011 24.00 2.06-279.62

11-20 0.011 6.26 1.52-25.74

>20 0.654 1.48 0.27-8.27

Workplace

University hospital*

State hospital 0.933 0.96 0.34-2.71

Private practice 0.350 1.73 0.55-5.50

*Reference parameter, OD: Odds ratio, CI: Confidence interval, F: Female, M: Male, NAM: Nasoalveolar molding
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including obstetrician-gynecologists, pediatricians, 
speech therapists, plastic surgeons, orthodontists, 
and dentists. Pediatricians, along with obstetrician-
gynecologists, are usually the first step in the treatment 
chain. Pediatricians’ increased knowledge about pre-
surgical treatment options affects the success of the 
treatment. Pre-surgical orthopedic applications are 
recommended to begin within the first few days after 
birth because the plasticity of the tissues is at its highest. 
The authors reported that the cartilaginous tissues of a 
newborn are softer, and their plasticity is higher due to 
the level of estrogen transferred from the mother (3,8). 
Therefore, pediatricians should direct the family to the 
right specialist during this period.

Patients with CL/P should be treated with a 
multidisciplinary approach that involves many specialists, 
with pediatricians being one of the most important. 
Narrowing of the cleft region and an unchanged sagittal 
dimension, reduction in the number of soft tissue revision 
and alveolar grafting surgeries, and achievement of 
excellent facial esthetics with minimal scar tissue are some 
of the main benefits of this therapy (3,8,21).

Study Limitations

The present study has some limitations. This study 
was performed on pediatricians in a single country. It is 
important to obtain more global results can be achieved 
with larger sample numbers, including pediatricians from 
different countries.

Conclusion
It is critical to begin the pre-surgical orthopedic 

treatment process as soon as possible after birth to enhance 
treatment success. The results of our study indicate that 
pediatricians do not have sufficient knowledge of NAM 
and its purpose. Consequently, it is important to increase 
pediatrician awareness and knowledge regarding treatment 
alternatives for patients with CL/P, including NAM and pre-
surgical orthopedic treatment.
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ABSTRACT

Aim: Congenital hypothyroidism (CH) is one of the most common endocrinological problems in the neonatal period. CH, which occurs in 
1:3,000-4,000 births, is a preventable cause of mental retardation. In the literature, the most common cause of CH is dysgenesis of the thyroid 
gland, followed by thyroid dyshormonogenesis. We aimed to determine the prevalence of permanent (P-CH) and transient (T-CH) CH in cases 
followed up with a diagnosis of CH and to identify a prediction method for persistency.

Materials and Methods: We retrospectively analyzed the medical records of 105 children with CH. TSH levels in a screening program, TSH and 
fT4 levels of the first venous sample, 10-15th day of treatment, monthly in the first 6 months, 2-3 monthly until 18th months, and 6-monthly until 
3 years of age were recorded. L-T4 doses (per microgram per body weight) in each visit were also recorded.

Results: From the 105 children (58 males, 47 females) enrolled in this study, 38 (36.2 %) were referred from the National Newborn Screening 
Program. Treatment was discontinued during the 3rd year follow-up period in 44 (41.9 %) of the cases with normal thyroid gland morphology. 
L-thyroxine (L-T4) therapy was discontinued at a median age of 1.9+-1.08 years.TSH levels at the time of diagnosis were higher in the P-CH group, 
but this difference was not statistically significant (p=0.165).

At the sixth month, first and second years of follow-up, L-T4 doses were significantly higher in the P-CH than in the T-CH group (p<0.001, 
p<0.001, p<0.001 respectively). TSH levels were also higher in the P-CH group than in the T-CH group (p=0.123, p=0.038, p=0.049 respectively). 
Consistent with these results, measured fT4 levels were found to be lower in the P-CH group compared to the T-CH group (p=0.431, p=0.361, 
p=0.028 respectively).

Conclusion: L-T4 doses at 6, 12 and 24 months may predict transient hypothyroidism in patients with normal thyroid gland morphology before 
36 months.

Keywords: Congenital hypothyroidism, dyshormonogenesis, screening, thyroid dysgenesis, permanent hypothyroidism, transient 
hypothyroidism
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Introduction
Congenital hypothyroidism (CH) is one of the most 

common endocrinological problems in the neonatal 
period. CH, which occurs in 1:3,000 to 4,000 live births, is 
a preventable cause of mental retardation. In a study from 
Turkey, its prevalence was 1/2,525 (1,2). CH is two times 
more common in girls than in boys and is classified into 
2 types: permanent CH (P-CH) and transient CH (T-CH). 
P-CH requires life-long levo-thyroxine (L-T4) treatment 
whereas T-CH shows continuous, normal thyroid function 
after discontinuation of LT4 treatment. Although the 
distinction between P-CH and T-CH is clinically one of 
the most important concerns for the parents of affected 
children, differentiating between the 2 types in the 
neonatal period is difficult, and LT4 treatment should be 
prioritized to avoid mental retardation (3). The majority 
of P-CH cases were thyroid dysgenesis; followed by 
ectopic thyroid gland and aplasia/hypoplasia (4). Only 
15% of P-CH cases were thyroid dyshormonogenesis 
(5). T- CH includes; iodine deficiency, excessive iodine 
exposure, thyroid stimulating hormone (TSH) receptor 
blocking antibodies transmitted from mother to fetus, 
and maternal usage of antithyroid drugs (2).

CH is one of the most important causes of preventable 
mental retardation and constitutes a serious public health 
problem. Many developed countries have largely eliminated 
intellectual disability caused by CH owing to newborn 
screening programs (NSPs) (1). In Turkey, the National NSP 
(NNSP) for CH (dried blood spot at 48-72 hours of life) was 
started on December 26, 2006 by the Turkish Directorate of 
Public Health. According to the NNSP, an infant is considered 
to have passed the screening test when the blood spot TSH 
is <5.5 mIU/L. Values between 5.5 mU/L and 20 mIU/L, are 
reported for a second evaluation. All cases with a capillary 
TSH concentration above 5.5 mIU/L in repeat blood samples 
or above 20 mIU/L in the first sample are referred to the 
appropriate center for evaluation by venous thyroid function 
testing, including free thyroxine (fT4) and TSH.

In the present study, we retrospectively analyzed CH 
cases from the neonatal period up to three years of age 
in order to determine the prevalence of permanent and 
transient CH.

Materials and Methods

Study Population and Design

This retrospective design study included patients 
referred from the NNSP and patients diagnosed with CH 

at Ege University Pediatric Endocrinology Clinic between 
January 1st, 2014 and December 31th, 2017. CH was diagnosed 
if TSH was >10 µIU/mL within the first month of life, with 
low/normal fT4 levels. Patients who were diagnosed in 
other hospitals, who had premature delivery history, whose 
first thyroid function tests were unknown, whose treatment 
was started in other hospitals or who were not followed 
up for three years for various reasons were excluded from 
this analysis. Cases with central hypothyroidism were not 
included in the study.

Demographic measures, auxological measurements, 
date of birth, admission age, postnatal age, gender, 
gestational age in weeks and maternal thyroid disease 
history were extracted from the systematically collected 
medical records. Other concomitant congenital diseases 
were recorded. All weight and height standard deviation 
(SD) score calculations were made by an automatic 
calculator (3).

TSH levels in a screening program, TSH and fT4 levels of 
the first venous sample, 10-15th day of treatment, monthly 
in the first 6 months, 2-3 monthly until 18th months, and 
6-monthly until 3 years of age were recorded. L-T4 doses 
(per microgram per body weight) in each visit were also 
recorded. Four and six weeks after the treatment was 
discontinued, TFT and fT4 were re-evaluated. All serum fT4 
and TSH concentrations were measured at least 4 hours 
after the last L-thyroxine administration.

Thyroid ultrasonography (USG) was performed in all 
patients. Thyroid glands with a volume less than 0.64 mL 
(10th percentile) were considered to be hypoplastic for the 
neonatal period, and those with a volume greater than 
1.15 mL (95th percentile) were considered to be hyperplasic 
(4). Thyroid scintigraphy was performed in those patients 
whose thyroid gland could not be visualized by USG. 
According to thyroid imaging results; thyroid glands were 
classified as agenesis, hemiagenesis, ectopia, hypoplasia 
or normal.

Cases with normal thyroid appearance were accepted 
as thyroid dyshormonogenesis, and other cases were 
accepted as thyroid dysgenesis. In those patients with 
normal thyroid gland; discontinuation of treatment was 
tried at any time until the age of 3, and then having TSH 
<10 mIU/mL and normal fT4 level for at least 6 months 
were classified as transient hypothyroidism. Patients 
with thyroid dysgenesis and/or continued treatment at 
the end of the third year were classified as permanent 
hypothyroidism.
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Those children who gave assent and whose parents gave 
signed consent were enrolled in the study. The study was 
approved by the Ege University Medical Ethics Committee 
with approval number: 20-12T/24.

Laboratory Methods

Serum TSH and fT4 levels were measured by 
electrochemiluminescence immunoassay using Elecsys 2010 
modular analytics E170 (Roche Diagnostics, Indianapolis, IN, 
USA). For cases between 6 days and 3 months; the normal 
range of TSH is 0.72-11.0 μU/mL, and for fT4, it is 0.9-2.2 
ng/dL. For older cases; TSH level were considered normal 
if between 0.27-4.2 μIU/mL, and fT4 level was considered 
normal if between 1.1-2.1 ng/dL.

Statistical Analysis

Analysis was carried out using SPSS for windows 25.0, 
descriptive statistics are reported using mean ± SD for 
normally distributed variables, and median for skewed data. 
Groups were compared by independent samples  t-test for 
normally distributed variables and the Mann-Whitney U test 
for skewed data. Trends across time were analyzed using 
linear polynomial contrasts (ANOVA). A p-value <0.05 
was considered statistically significant, no adjustment was 
made for multiplicity of statistical tests.

Results
Out of 192 (101 females, 91 males) patients, 105 patients 

who met the study criteria were enrolled. Out of these 
105 patients, 58 (55.2%) were male, and 47 (44.8%), were 
female. A history of maternal autoimmune thyroid disease 
was positive in 34 (32.4%) patients. Mean gestational age 
was 38.82±1.42 weeks, and mean birth weight was 3,167±551 
gr. The mean age at diagnosis was 22.3±21.9 days. The mean 
serum TSH level was 85.08±65.60 (2.64-501) µIU/mL, and 
the mean fT4 level was 0.96±0.35 (0.14-1.67) ng/dL in all 
patients at admission. Mean screening capillary TSH was 
66.30±48.50 µIU/mL, first venous TSH was 90.87±82.48 
(7.4-498) µIU/mL and first venous fT4 level was 0.87±0.34 
(0.23-1.67) ng/dL in those patients who were referred from 
the NNSP (n=38; 36.2 %). In the remaining 67 (63.8%) 
patients, venous TSH levels, obtained for various reasons, 
were high.

Thyroid USG was performed in all patients. Based on the 
findings of thyroid imaging, the morphology of the thyroid 
glands was classified as follows: 1 (0.9%) hemiagenesis, 3 
(2.8%) hypoplasia and 94 (89.5%) of normal morphology 
(Table I). In 7 (6.6%) cases, the thyroid gland was not 
visualized in the normal location and thyroid scintigraphy 

was performed. Four of these patients had sublingual 
ectopic thyroid gland and three of them had agenesis on 
thyroid scintigraphy.

Treatment was discontinued during the 3-year follow-
up period in 44 (41.9%) cases with normal thyroid gland 
morphology. L-T4 therapy was discontinued at a median age 
of 1.9±1.08 years. The mean serum TSH level was 3.04±1.17 
µIU/mL, and the mean fT4 level was 1.37±0.30 ng/dL at the 
time of discontinuation. The last dose of L-T4 treatment 
used was 1.24±0.45 mcg/kg/day.

At the time of diagnosis, fT4 levels were significantly 
higher in the T-CH group than in the P-CH group, including 
thyroid dysgenesis (p=0.037). TSH levels at the time of 
diagnosis were higher in the P-CH group than in the T-CH 
group, but this difference was not statistically significant 
(p=0.165). No significant difference was found between 
the auxological measurement of T-CH and P-CH patients. 
The laboratory and auxological measurements of the 
patients with permanent and transient CH at the time 
of diagnosed are summarized in Table II. In the P-CH 
group; TSH values measured in the early period (1st, 2nd 
and 3rd months) were lower and fT4 values were higher. 
However, this difference was not statistically significant 
(Table III).

Table I. Thyroid imaging (ultrasound)

Appearance (n) Rate (%)

Normal thyroid glang morphology 94 89.5

Hypoplastic gland 3 2.8

Hemiagenesis of the gland 1 0.9

Not visualized in the normal 
location (ectopy/agenesis) 7 6.6

Table II. Baseline characteristics of infants with permanent and 
transient congenital hypothyroidism

Parameter Permanent 
CH (n=61)

Transient 
CH (n=44) p-value

TSH levels
(N: 0.27-4.2 mIU/mL) 97.11±76.40 63.22±50.84 0.165

fT4 levels
(N: 1.1-2.1 ng/dL) 0.90±0.35 1.04±0.33 0.03

L-T4 dose at onset (mcg/
kg/day) 8.68±3.54 8.01±3.22 0.322

Weight SDS -0.45±1.31 -0.57±1.19 0.631

Height SDS -0.46±1.29 -0.46±0.81 0.983

CH: Congenital hypothyroidism, TSH: Thyroid stimulating hormone, fT4: Free 
thyroxine, L-T4: Levo-thyroxine, SDS: Standard deviation score
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At the sixth month follow-up, first year follow-up 
and second year follow-up, L-T4 doses were significantly 
higher, TSH levels were significantly higher, and serum 
fT4 levels were significantly lower in in the P-CH group 
than the T-CH group (Table IV). The LT4 dosage cut-off by 
receiver operating characteristic (ROC) curve analysis was 
1.96 [with sensitivity at 73% and specificity at 82%, area 
under the curve (AUC)=0.82], 1.56 (with sensitivity at 73%, 
specificity at 73%, AUC=0.76), and 1.24 µg/kg/day [with 
sensitivity at 85%, specificity at 73%, AUC=0.84) at ages 
1, 2, and 3 years, respectively. The ROC curve is shown in 
Figure 1.

In subgroup analysis, those cases with thyroid 
dysgenesis were excluded and the remaining cases were 
examined in 2 groups as either permanent or transient 
dyshormonogenesis. There was no significant difference 
in the TSH, fT4 levels and L-T4 doses at the time of 
diagnosis between these groups (p=0.424, p=0.069 and 
p=0.589 respectively) (Table V). At the six-month, one-
year and two-year follow-up, L-T4 doses were higher in 
the permanent dyshormonogenesis group than in the 
transient dyshormonogenesis group (p=0.020, p=0.015, 
p=0.143 respectively) (Table VI).

Two cases (1.9%) were Down syndrome and both of 
these cases had dyshormonogenesis. Fifteen (14.2%) cases 
had a history of concomitant congenital disease. The 
most common congenital disease was congenital heart 
disease (46.6%) (Table VII). Two of the patients (13.3%) with 
concomitant congenital disease had thyroid dysgenesis, 
while the others had dyshormonogenesis.

Discussion
Our cross-sectional study is one of the most 

comprehensive retrospective analyzes performed on a 
national basis to evaluate the data of those cases with 
either transient or permanent hypothyroidism. Several 
authors have proposed numerous distinguishing factors 
between P-CH and T-CH; however, markers for the early 
detection of T-CH have yet to be validated (5-9).

In studies of CH, P-CH is more frequent than T-CH. In 
Hashemipour et al.’s (10) study, the prevalence of P-CH 
was 59.8%, while Scavone et al. (11) reported it to be 
65.5%. In a study conducted in Turkey in which 189 cases 
were analyzed, the prevalence of P-CH was 53.2% (10), 
while in another study, it was 54 (5). Yanmaz et al. (12) 
showed a P-CH rate of 41.5%, and they thought that this 
low frequency may be due to the high consanguineous 
marriage rate in the study population region. In our study, 
the rate of permanent hypothyroidism was 58%, and this 
was similar to other studies in the literature.

Figure 1. ROC curve of LT4 dosages

ROC: Receiver operator characteristic

Table III. First, 2nd and 3th month laboratory data of permanent 
and transient CH cases

Parameter
Permanent 
CH
(n=61)

Transient 
CH 
(n=44)

p-value

1st month TSH levels
(N: 0.27-4.2 mIU/mL) 3.75±2.77 2.00±1.63 0.529

1st month fT4 levels
(N: 1.1-2.1 ng/dL) 1.70±0.51 1.66±0.45 0.731

2nd month TSH Levels
(N: 0.27-4.2 mIU/mL) 2.51±1.51 1.35±1.07 0.140

2nd month fT4 levels
(N: 1.1-2.1 ng/dL) 1.56±0.35 1.51±0.29 0.544

3th month TSH levels
(N: 0.27-4.2 mIU/mL) 3.67±2.71 1.83±1.57 0.194

3th month fT4 levels
(N: 1.1-2.1 ng/dL) 1.44±0.30 1.48±0.24 0.561

CH: Congenital hypothyroidism, TSH: Thyroid stimulating hormone, fT4: Free 
thyroxine
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Traditionally, it is known that 85% of CH is dysgenesis 

and 15% is dyshormonogenesis. In our study, thyroid 

dysgenesis was 18% of the permanent hypothyroidism, 

much lower than expected. Similar to our study, Kara et 

al. (13) reported this rate to be 61%, and Bezen et al. (14) 

reported it to be 56.5%. In similar studies in the literature, 

this rate was reported to be 50-85% (2,5,7,11). However, 

in a study by Donbaloğlu et al. (15), the rate of thyroid 

dysgenesis was 33.3%. In a multi-center study conducted 

in China, 829 cases detected in CH screening were analyzed 
retrospectively; thyroid imaging was performed in 664 
(80.1%) and thyroid dysgenesis was found in 194 (29.2%) 
cases (16).

In a study from Japan, 99 cases were analyzed 
for TSH level and L-T4 dose at the time of diagnosis. 
These parameters were higher in the P-CH group (17). 
In our study group, in accordance with this data in the 
literature, the fT4 level at the time of diagnosis was 

Table IV. Follow-up and treatment data of the cases with permanent and transient congenital hypothyroidism

Parameter Permanent CH
(n=61)

Transient CH 
(n=44) p-value

6th month TSH levels
(N: 0.27-4.2 mIU/mL) 5.91±3.62 1.97±0.97 0.123

6th month fT4 levels
(N: 1.1-2.1 ng/dL) 1.52±0.70 1.64±0.76 0.431

6th month L-T4 dose (mcg/kg/day) 2.74±1.02 1.98±0.94 0.000

6th month weight SDS -0.21±1.25 -0.01±0.94 0.430

6th month height SDS -0.23±1.28 -0.04±0.94 0.346

12th month TSH Levels
(N: 0.27-4.2 mIU/mL) 4.24±4.02 2.29±1.09 0.038

12th month fT4 levels
(N: 1.1-2.1 ng/dL) 1.35±0.24 1.40±0.23 0.361

12th month L-T4 dose (mcg/kg/day) 2.42±0.97 1.72±0.45 0.000

12th month weight SDS -0.23±1.17 -0.23±0.83 0.774

12th month height SDS -0.18±1.13 -0.12±1.02 0.794

24th month TSH Levels
(N: 0.27-4.2 mIU/mL) 4.29±4.27 2.71±1.26 0.490

24th month fT4 levels
(N: 1.1-2.1 ng/dL) 1.41±0.21 1.30±0.21 0.028

24th month L-T4 dose (mcg/kg/day) 2.24±1.28 1.50±0.39 0.009

24th month weight SDS -0.22±1.25 -0.09±1.26 0.289

24th month height SDS -0.52±1.20 -0.31±0.87 0.446

CH: Congenital hypothyroidism, TSH: Thyroid stimulating hormone, fT4: Free thyroxine, L-T4: Levo-thyroxine, SDS: Standard deviation score
Significant p-values are shown in bold

Table V. Baseline characteristics of infants with permanent and transient dyshormonogenesis cases

Parameter Permanent dyshormonogenesis 
cases (n=50)

Transient dyshormonogenesis cases 
(n=44) p-value

TSH levels
(N: 0.27-4.2 mIU/mL) 82.8±63.8 63.8±51.3 0.424

fT4 levels
(N: 1.1-2.1 ng/dL) 0.92±0.35 1.04±0.33 0.069

L-T4 dose at onset (mcg/kg/day) 8.42±3.53 8.04±3.26 0.589

Weight SDS -0.43±1.35 -0.62±1.17 0.472

Height SDS -0.4±1.30 -0.45±0.82 0.676

TSH: Thyroid stimulating hormone, fT4: Free thyroxine, L-T4: Levo-thyroxine, SDS: Standard deviation score
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significantly lower in the P-CH group compared to the T- 
CH group. However, the TSH levels and L-T4 doses were 
not statistically significant higher in the P-CH group as 
was seen in several other studies (6,18). Similarly, Tamam 
et al. (19) reported that TSH levels were significantly 
higher and fT4 levels were significantly lower at the time 
of diagnosis in the P-CH group than in the T- CH group. 
In another study, fT4 levels were lower in patients with 
P- CH in accordance with the etiology of the patients (12). 
In a study from Brazil, it was shown that initial TSH levels 
cannot be determinative in making a distinction between 
the transient and permanent disease types (20).

Itonaga et al. (17) reported that the dose of L-T4 used 
in the first and second years of follow-up was higher in the 
P-CH group. Furthermore, they showed that CH patients 
with an LT4 dosage >3.26 µg/kg/day at age 1 year, >2.29 
µg/kg/day at age 2 years and >2.32 µg/kg/day at age 3 
years were likely to have P-CH (17). In a study in Turkey, 
drug doses in the sixth month, first and second year were 
significantly higher in the P-CH group (12). In our study, 

Table VI. Follow-up and treatment data of the cases with permanent and transient dyshormonogenesis cases

Permanent dyshormonogenesis 
cases (n=50)

Transient dyshormonogenesis 
cases (n=44) p-value

Parameter 2.97±2.68 1.99±0.97 0.391

6th month TSH levels
(N: 0.27-4.2 mIU/mL) 1.54±0.77 1.65±0.76 0.506

6th month fT4 levels
(N: 1.1-2.1 ng/dL) 2.70±1.05 2.00±0.95 0.002

6th month L-T4 dose (mcg/kg/day) 1.18±0.24 0.97±0.01 0.559

6th month weight SDS -0.15±1.18 -0.01±0.94 0.447

6th month height SDS 3.98±3.84 2.37±1.02 0.417

12th month TSH levels
(N: 0.27-4.2 mIU/mL) 1.32±0.20 1.40±0.23 0.112

12th month fT4 levels
(N: 1.1-2.1 ng/dL) 2.29±0.88 1.74±0.45 0.015

12th month L-T4 dose (mcg/kg/day) 1.20±0.35 0.84±0.23 0.586

12th month weight SDS -0.25±1.20 -0.17±0.99 0.751

12th month height SDS 4.47±4.39 2.77±1.23 0.660

24th month TSH levels
(N: 0.27-4.2 mIU/mL) 1.42±0.22 1.31±0.21 0.042

24th month fT4 levels
(N: 1.1-2.1 ng/dL) 2.01±1.01 1.47±0.36 0.143

24th month L-T4 dose (mcg/kg/day) 1.17±0.19 1.28±0.10 0.313

24th month weight SDS -0.48±1.07 -0.33±0.88 0.559

TSH: Thyroid stimulating hormone, fT4: Free thyroxine, L-T4: Levo-thyroxine, SDS: Standard deviation score
Significant p-values are shown in bold

Table VII. Congenital anomalies accompanying congenital 
hypothyroidism

Number Rate (%)

Tetralogy of Fallot 2 13.3

Pulmonary stenosis 2 13.3

Aortic coarctation 1 6.6

Atrioventricular septal defect 1 6.6

Double outlet right ventricle 1 6.6

Cleft palate 1 6.6

Tracheoesophageal fistula 2 13.3

Duodenal atresia 1 6.6

Anal atresia 1 6.6

Horseshoe kidney 1 6.6

Posterior urethral valve 1 6.6

Meningomyelocele 1 6.6
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similar to the literature, LT4 doses at the sixth month, 
first and second year were significantly higher in the P-CH 
group. The cut-off values we obtained were similar to other 
studies (6,17). However, although those patients in the 
P-CH group used higher doses of medication, their first and 
second year TSH levels were higher than the T-CH group. 
This finding is not expected under appropriate treatment 
and we speculate that there may have been problems with 
treatment compliance.

Study Limitations

Our study has some limitations such as its retrospective 
design, no free T3 levels, thyroglobulin and urine iodine 
levels and the lack of complete data regarding maternal 
drug intake and the use of iodine during delivery.

Conclusion
Our cross-sectional retrospective study is one of the 

comprehensive analysis performed on a national basis to 
evaluate the data of cases with transient or permanent 
hypothyroidism. We are conscious that these results will 
not modify the current standard of practice but we believe 
that our data, supported by other studies, may allow 
for earlier discrimination between T-CH and P-CH. In 
conclusion, the results of this study show that fT4 levels 
at diagnosis and the L-thyroxine dose at the sixth month, 
first and second year can be used to distinguish between 
T-CH and P-CH.
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ABSTRACT

Aim: Secretory Immunoglobulin A (sIgA) is one of the most important components of the immune system and has a prominent role in 
preventing infections that are transmitted through the gastrointestinal tract and respiratory mucosa. The primary objective of this study was 
to evaluate the effect of massage on the salivary sIgA level in pre-term infants and the secondary objective was to assess the effect of massage 
on neonatal weight gain.

Materials and Methods: This study was performed on 150 preterm infants weighing between 1,500 gm and 2,000 gm who were hospitalized 
in 3 main medical centers of Khorramabad city, Iran between March 2018 and March 2019. The 3 major selected centers were Asalian, Shahid 
Madani and Shahid Rahimi Hospitals. All infants were randomly allocated to either the intervention (n=75) or the control (n=75) group. Due to 
our criteria, 18 patients were excluded from this study. In total, 132 infants were included in this study. The initial samples of sIgA were obtained 
from the saliva of the neonates in both groups on the second day after birth and when acute symptoms of respiratory distress syndrome had 
resolved. The second samples were collected on the 14th day after birth. During this period, neonates of the intervention group were massaged 
properly using the Field technique for 15 minutes, three times a day by a trained Neonatal Intensive Care Unit nurse for 12 consecutive days. It 
should be noted that due to the effect of breast milk on the neonates’ sIgA levels, we selected all subjects from those who were not fed with 
breast milk for some reason, but were fed with formula instead.

Results: According to our findings, a significant difference was observed between the mean weight of the infants between the second and 14th 
days after birth in both the intervention and control groups (p<0.001). However, in comparison, there was no significant difference between 
the mean weight changes of the infants in both groups (p=0.845). Moreover, there was a significant difference between the mean sIgA level 
changes between the second and 14th days after birth in both groups (p<0.001), but these changes were more significant in the intervention 
group compared to the control group (p<0.001).

Conclusion: These results showed that massage therapy in neonates can increase the level of sIgA which plays an important part in the infant’s 
immune system. However, this had no positive effect on the weight gain process. It is recommended that massage therapy be used as a safe 
auxiliary therapeutic procedure for preterm infants and that mothers can learn and perform this technique as a simple way to boost the 
immune system of their infants.
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Introduction
Massage therapy is an interesting topic in neonatal 

medicine and many studies have been conducted over 
the last decade. New studies support the efficacy of 
massage therapy as a complementary therapeutic method 
in neonatal medicine (1). Touching and stroking infants 
during massage stimulate nerve pathways and speed up 
myelination of the brain and nervous system through 
increased hypothalamic activity followed by increased 
somatotropin levels. In animal studies, the lack of skin 
and tactile stimuli reduces the growth of all organs, and 
when the animals return to normal tactile stimulation, this 
defect is eliminated, which highlights the beneficial effects 
of massage on growth hormone levels (2). Massage inside 
the infant’s mouth increases the levels of gastrointestinal 
hormones such as insulin and gastrin, which highlights the 
fact that skin stimulation and massage in the same way 
will increase similar hormones. Studies on neonatal insulin 
and glucose levels have shown that massage in preterm 
infants will increase insulin and IGF-1 levels (1). In the field 
of pain management in children, it has been mentioned 
that massage by parents during sleep is useful for reducing 
chronic and myofascial pain (3). It is believed that, like 
breastfeeding by the mother, massage by the father will 
facilitate proper bonding between the father and infant. The 
mother as a massager reduces the level of stress hormones 
in the mother’s body and significantly reduces the rate of 
postpartum depression and anxiety (1,4).

Neonatal Intensive Care Units (NICUs) are full of stress 
and massage therapy can lessen the level of stress hormones 
in preterm infants, as well as improve the developmental 
status of low-birthweight neonates (5-7). Immunoglobulins 
(Ig) are components of the humoral immune system that 
are produced in response to internal and external antigens. 
Each antibody molecule has an overall symmetrical structure 
consisting of four polypeptide chains, two identical light 
chains and two identical heavy chains. Antibody molecules 
are classified into different classes, subclasses, types and 
subtypes based on differences in the structures of the heavy 
and light chain constant regions. There are five main classes 
of Igs: IgG, IgM, IgA, IgD, and IgE-some of which include a 
number of distinct subclasses (8).

The placenta selectively blocks various substances to 
prevent transmission from the mother to the fetus. Of all 
the antibodies, only IgG can cross the placental barrier. IgA 
and IgM are blocked from crossing the placenta and so their 
levels in infancy confirm their production by the infant itself 
(9,10).

IgA comprises monomeric and polymeric IgA of two 
subtypes, IgA1 and IgA2. In adults, IgA1 is the main subtype 
in serum but, in the mucosa, IgA2 production is higher than 
IgA1 (11). Serum IgA is mainly monomeric while secretory IgA 
is dimeric and is joined by the J chain and the secretory part. 
IgA is often secreted by the secretory cells of the breast 
as a dimer. IgA is the main antibody found in many body 
secretions, including tears, saliva, respiratory and intestinal 
secretions, mucous and milk (12). IgA is the most important 
Ig in breast milk and it protects the mucosal surfaces against 
foreign pathogens until the infant progressively is able to 
make its own IgA, which sometimes takes weeks to months 
after birth. It can also protect infants from diseases which 
are transmitted via the mucosa of the gastrointestinal tract 
and respiratory system (9,10,13).

In infants, due to the underdeveloped humoral and 
cellular immune systems, the risk of infection is significantly 
increased compared to other age groups. Therefore, in 
infants, limited infections are potentially more likely to 
become systemic and severe infections (14). Akimoto et al. 
(15) showed that 12 months of exercise could significantly 
increase both the concentration and secretion rate of 
secretory IgA (sIgA) in elderly subjects. The concentration 
of salivary IgA was significantly increased in subjects 
who received four relaxation methods including massage 
therapy, compared with a touch control group (16). One 
analysis found that receiving massages is an effective 
method to recover from temporary immunosuppression 
state induced by heavy exercise and to enhance levels of 
sIgA (17).

In the current study, we aimed to investigate the effect 
of neonatal massage on increasing the level of sIgA in the 
saliva of preterm infants who were admitted to Asalian, 
Shahid Madani and Shahid Rahimi Hospitals in Khorramabad 
city, Iran between March 2018 and March 2019.

Materials and Methods
This randomized clinical trial was conducted on 150 

preterm infants who were admitted to NICUs in the three 
main hospitals in Khorramabad city, Iran between March 
2018 and March 2019. Initially, the sample size was calculated 
to be 63 for each group. However, to ensure the adequacy of 
the participants, 75 infants were allocated to each group. 
Infants were selected from formula-fed infants because 
of the possible effect of breastfeeding on sIgA levels. The 
participants were randomly divided into intervention and 
control groups. The inclusion criteria were as follows: 
preterm infants with gestational age <37 weeks, weighing 
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between 1,500 and 2,000 gm, formula-fed, an absence of 
congenital infections, no congenital anomalies, an having 
no prohibition of massage (e.g. skin lesions, hematoma or 
dislocation of limbs).

Infants were excluded from this study if any of the 
following criteria applied: evidence in favor of infection (for 
example, positive blood culture or positive CSF culture), 
a requirement for mechanical ventilation, a history of 
seizure or an occurrence of seizure during the study, a 
history of immunodeficiency among first-degree relatives, 
a requirement for blood transfusion, transferal of the infant 
to another hospital for any reason, the presence of any 
congenital anomalies, a history of maternal illness during 
the pregnancy period prior to delivery such as hepatitis 
B or syphilis (based on screening tests), a requirement 
for surgery in the course of the study, discharge from the 
hospital, dissatisfaction of the parents with respect to 
continuing the study and receiving some medications for 
instance, antibiotics and intravenous Ig.

Written consent was obtained from the parents 
before enrollment in the study. Hundred-fifty infants were 
randomly divided into 2 groups: The control group (n=75) 
and the intervention group (n=75). Of these, 18 cases were 
excluded (7 infants from the intervention and 11 infants 
from the control group) and 132 infants remained until 
the completion of the study (68 infants in the intervention 
and 64 infants in the control group). The major reason 
of exclusion was the lack of sufficient saliva (3 infants 
in the intervention and 5 infants in the control group). 
Other reasons for exclusion were as follows: The parent’s 
unwillingness to continue the study (3 infants from the 
intervention and 4 infants from the control group) and 3 
infants died during the study (one infant in the intervention 
and 2 infants in the control group).

In the intervention group, 41 (60.3%) and 27 (39.7%) of 
the cases were male and female, respectively. In the control 
group, 31 (48.4%) and 33 (51.6%) of the subjects were male 
and female, respectively. In terms of gender, both groups 
were similar (p=0.22).

Only the researchers were aware of infant’s groups 
(intervention or control) and the laboratory was blind to 
which group they were in. The neonates in both groups were 
administered standard ward care during the course of this 
study. Based on standards for NICUs, the room temperature 
was between 2-26 °C.

We performed the massage based on the Field technique. 
Massaging was gentle using the ventral surface of both 
hands with gentle pressure and it was performed by a 

trained NICU nurse who played no other role in the study 
and she was also blind to the hypothesis of the study. Before 
starting the massage, her hands were washed and warmed. 
Sunflower oil was used as a lubricant. The infants were 
placed in a quiet environment under a radiant warmer. The 
infants of the intervention group received massages for 15 
minutes, three times per day, for 12 consecutive days. Each 
massage session consists of three phases of 5 minutes. The 
infants received their massages one hour after being fed. 
During the first and third phase of the massage therapy, the 
neonate was placed in a prone position, and was massaged 
for five one-minute periods (five seconds per stroking 
motion) over each region in the following sequence: A) 12 
stroking movements from the top of the head to the neck 
downwards and then reversed; B) 12 stroking movements 
from the neck to the shoulders and then reversed; C) 12 
stroking movements from the upper back down to the 
waist and then reversed; D) 12 stroking movements from 
the thighs down to the ankles and the reversed; E) 12 
stroking movements from the shoulder to the hand and 
then reversed on both arms. In the second phase, the infant 
was put in a supine position and six flexion/extension 
moves were performed on the limbs in the following 
order: each arm, each leg and finally both legs together. 
Each flexion/extension movement lasted approximately 10 
seconds. The control group did not receive massage therapy 
during the study.

In both groups, the initial and second saliva samples 
were obtained using a sterile infant mucus extractor from 
the mouth of the neonates. The initial and second samples 
were collected on the second and 14th day after birth, 
respectively. The salivary sIgA level was measured using an 
IgA saliva ELISA kit (DiaMetra, Perugia, Italy) according to 
the manufacturer’s protocol.

In both groups, the weight of the neonates was also 
measured on the second and 14th day after birth. This study 
did not interfere with the treatment of the infants.

All phases of this study and consent forms were 
approved by the Ethics Committee of Lorestan University of 
Medical Sciences (LUMS.REC.1396.232) and the registration 
ID of this study in Iranian Registry of Clinical Trials is 
IRCT20171225038056N1.

Statistical Analysis

Data were expressed as means ± standard deviation. 
After determining the measures of central tendencies and 
measures of dispersion, independent t-test and paired 
t-test were used to analyze the data. All results were 
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analyzed using IBM SPSS for Windows, Version 21.0 (IBM 
Corp., Armonk, NY, USA). A p-value <0.05 was considered 
statistically significant for all analyses.

Results
According to the findings, the mean weight of the 

infants in the control group was 1,706.95±146.07 gm and 
2,051.64±157.41 gm on the second and 14th day after birth, 
respectively. There was also a significant difference between 
the mean weight of the infants in the control group on the 
second and 14th day after birth (p<0.001) (Figure 1). The 
mean weight of the infants in the intervention group was 
1,684.41±136.4 gm on the second day and 2,032.42±145.49 
gm on the 14th day after birth. There was a significant 
difference between the mean weight of the infants in the 
intervention group on the second and 14th day after birth 
(p<0.001) (Figure 1).

According to the results, the mean weight changes 
showed no significant difference between the intervention 
and control groups on the second or 14th day after birth 
(p=0.845) (Figure 2).

The mean sIgA levels in the control group on the second 
and 14th day were 8.25±3.76 (µg/dL) and 9.68±3.67 (µg/
dL), respectively, and there was also a significant difference 
between the mean sIgA level on the second and 14th day 
(p<0.001) (Figure 3). Moreover, the mean sIgA levels in the 
intervention group on the second and 14th day after birth 
were 9.71±4.52 (µg/dL) and 17.8±6.4 (µg/dL), respectively, 
and we found a significant difference between the mean 
sIgA levels before and after massage therapy (p<0.001) 
(Figure 3).

The results of our study demonstrated that the mean 
sIgA level changed between the intervention and control 

groups on the second and 14th day after birth and there was 
a significant difference between the two groups (p<0.001) 
(Figure 4).

Discussion
IgA is one of the most important Igs in the human 

body and it protects infants against those diseases that are 
transmitted via the mucosa of the gastrointestinal tract and 
respiratory system (13). Massage therapy is a new subject in 
neonatal medicine and new studies support the efficacy of 
massage as a safe and complementary therapeutic method 
in the field of neonates (1).

In the present study, for the first time, the effect of 
massage therapy on salivary sIgA levels in preterm infants 
was investigated. Our findings in this research provide 

Figure 1. Comparison of mean weight changes between second and 14th 
day after birth in the intervention and control groups

Figure 2. Comparison of mean weight changes between the intervention 
and control groups on the second and 14th day after birth

Figure 3. Comparison of mean sIgA level changes between the 
intervention and control groups on the second and 14th day after birth

sIgA: Secretory immunoglobulin A
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evidence indicating that the sIgA levels was significantly 
higher on the 14th day in the intervention group than in 
the control group, but we could not observe an increase 
regarding the mean weight parameter.

Some previous studies have addressed the 
effects of massage on improving bone density (6,18), 
neurodevelopmental status in preterm infants (19,20), 
bilirubin levels of infants with jaundice (21,22), sleep quality 
in infants with low birth weight (23) and reducing the length 
of hospital stays (24).

Our study showed that weight gain was not significantly 
different between those infants who received massages 
and those who did not. This result was contrary to previous 
studies (7,25-29).

A study performed by Scafidi et al. (29) on preterm 
infants demonstrated that tactile/kinesthetic stimulation 
can improve weight gain and sleep behavior in low-birth-
weight infants. In another study, they also showed that 
massage can accelerate the process of discharging low-
birth-weight infants from the hospital by 6 to 10 days 
(30). Research conducted on infants aged between 32 
and 37 weeks found that massage has a significant effect 
on improving mental-behavior status (20). Another study 
evaluated the effect of massage on salivary cortisol levels 
in preterm infants and showed that massage therapy can 
reduce the level of cortisol as a stress indicator in saliva 
(31). The results of another study demonstrated that the 

Field technique massage and gentle human touch can also 
decrease urine cortisol levels in preterm infants (5).

Ang et al. (32) investigated the effect of massage 
therapy on the immune system of preterm infants and they 
found that this method could be associated with higher NK 
cell cytotoxicity.

We believe that more subjects should be included in 
future studies and further studies are needed on this 
new topic in neonatology. Finally, it is recommended that 
massage therapy be performed by parents or trained nurses 
as a complementary therapeutic method for infants.

Conclusion
According to the results of our study, the sIgA levels in 

preterm infants who received massage for 12 consecutive 
days was significantly higher compared to a control group 
who did not receive any intervention. Furthermore, at the 
end of the study, there was no significant difference in 
weight gain between the intervention and control groups. 
Massage therapy can be used as a safe complementary 
practice for infants and it can also promote bonding 
between the mother and infant. Our observations provide 
new information about the effect of massage therapy on 
boosting the mucosal immune system in preterm infants. 
However, further studies can be carried out to investigate 
the use of massage therapy on more samples over a 
longer period of time in order to clarify the true effects 
of such complementary methods on the immune system 
and on the outcomes of neonatal infections.
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sIgA: Secretory immunoglobulin A
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Introduction

Congenital lung malformations (CLMs) are being 

noticed prior to birth more frequently nowadays by means 

of innovations in fetal ultrasonography (US) and magnetic 

resonance imaging (MRI) (1). The frequency of CLMs has 

been suggested to be 1 in 2,000 to 2,500 live births in studies 
conducted recently (2,3). Despite the fact that radiologists 
and perinatologists are generally able to make a specific 
diagnosis antenatally by fetal US, similar images in different 
abnormalities can complicate the diagnostic process. 
Thus, fetal MRI first came into use as a supplementary 
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examination and then became one of the routine imaging 
methods for the evaluation of CLMs in most centers (4-6). 
Nevertheless, it can still be impossible to differentiate 
the two most commonly encountered malformations, 
congenital pulmonary airway malformation (CPAM) and 
pulmonary sequestration (PS), by means of fetal MRI (7).

Texture analysis (TA) is a mathematical program that 
produces extensive numerical information from radiologic 
images within a region-of-interest (ROI) (8). In recent years, 
the role of TA in differentiating similar-looking tumors in 
various radiological examinations or predicting outcomes 
in different clinical conditions has been evaluated and 
has demonstrated promising results (9-12). However, there 
is inadequate data regarding fetal MRI-based TA in the 
literature. To our knowledge, to date, no prior studies have 
been conducted to examine the role of TA in distinguishing 
CLMs in the antenatal period.

Based on positive results regarding texture studies, 
we speculated that different malformations might be 
distinguished antenatally despite having similar images 
in fetal MRI. Hence, the purpose of our study was to 
assess the diagnostic performance of fetal MRI-based TA to 
differentiate between CPAM and PS.

Materials and Methods

Patient Selection

Ethical approval for this study was obtained from the 
University of Health Sciences Turkey, Tepecik Training and 
Research Hospital, Clinical Researches Ethics Committee 
(approval number: 2021/03-12, date: 24.03.2021). Informed 
consent was waived due to the retrospective nature of the 
study. The radiology and perinatology archives of a single 
tertiary center were scanned retrospectively to determine 
fetuses who were evaluated due to CLMs and had a fetal 
MRI examination between January 2015 and December 
2020. Those patients who were diagnosed as CPAM or PS 
based on postnatal computed tomography (CT) findings 
were included in this study. Four patients with severe 
motion artifacts were excluded because of poor imaging 
quality. Finally, a total of 32 patients (24 CPAM and 8 PS) 
were included in this study.

MRI Protocol

Fetal MRI examinations were performed using a 1.5-T 
MRI system (Siemens Aera, Germany). Maternal sedation 
was not required in any of the scannings. While the mother 
was in the supine position, a torso phased array coil was 
placed on the pelvis, especially focusing on the fetus. 

T2-weighted Half-Fourier acquisition single-shot turbo-
spin-echo (HASTE) sequences in axial, sagittal, and coronal 
planes were acquired separately for the head and the 
body of the fetus. True fast imaging with steady-state free 
precession, Dixon T1-weighted, and echo-planar sequences 
were included in the protocol in certain conditions to obtain 
more information about the abnormality. Overlapping or 
interspacing was not preferred in the HASTE sequences 
of the fetal body. The HASTE sequence was acquired with 
the following parameters: time to repetition/time to echo, 
1,100/122 ms; slice thickness, 4-5 mm; field of view (FOV), 
300-400 mm; matrix, 256×256; flip angle, 180; number of 
excitations, 1.

MRI Interpretation and TA

MRI images were examined by two readers (one 
pediatric radiologist with 4 years of experience and a 9-year 
experienced radiologist) in consensus. The site of the lesion 
(right or left) and the maximum diameter of the lesion were 
recorded.

TA was performed using the freely available software 
LIFEx (Version 5.1, www.lifexsoft.org) (13). Two radiologists 
who also evaluated the MRI examinations performed the 
TA measurements in consensus. Coronal T2-weighted 
HASTE sequences in Digital Imaging and Communications 
in Medicine format were obtained and entered into the LifeX 
program for the ROI delineation. The ROI drawings were 
performed manually by including the whole lesion on the 
image for which the largest lesion diameter was observed 
(Figure 1), as demonstrated previously in the literature 
(14,15). The number of gray levels was adjusted to 7 bits 

Figure 1. (a) A hyperintense lesion (arrows) is seen in the left lung in 
coronal T2-weighted fetal MRI. (b) ROI was drawn for the texture 
analysis

MRI: Magnetic resonance imaging, ROI: Region-of-interest



Sarıoğlu et al. 
Texture Analysis in Congenital Lung Malformations

54

(128) to ensure uniformity. An automatic measurement was 
performed between mean ± 3 standard deviations (SDs) of 
the ROI content to specify intensity rescaling numbers. The 
minimum and maximum limits were accepted as the mean 
value of ROI - 3 SD and + 3 SD, respectively. Numbers above 
or below mean ± 3 SDs at the beginning were adjusted to 
mean ± 3 SDs. Furthermore, the voxel widths in the X-Y-Z 
directions were normalized as X=0.5 mm, Y=0.5 mm, and 
Z=2.5 mm, after counting their mean ± 3 SDs. Finally, 
forty-eight TA features including six first-order (histogram) 
statistics, thirty-two second-order statistics, seven 
conventional, and three shape features were extracted for 
each patient.

Statistical Analysis

Statistical analysis was performed using the Statistical 
Package for the Social Sciences version 22.0 (SPSS Inc., 
Chicago, IL, USA). Continuous variables were expressed 
as means and SD and categorical variables as frequency 
counts and percentages. The distribution of the variables 
was examined by Kolmogorov Smirnov and Shapiro-Wilk 
tests. Chi-square test or Fisher’s exact test was used to 
compare categorical variables between the two patient 
groups (CPAM and PS). The comparison of continuous 
variables was performed by the Mann-Whitney U test 
or independent t-test. Receiver operating characteristic 
(ROC) curve analyses were constructed for each statistically 
significant feature to assess the performance of TA for 
making a diagnosis. P-values less than 0.05 were considered 
statistically significant.

Results

Patient Characteristics and MRI Features

Thirty-two patients (24 CPAM and 8 PS) were included in 
this study. The mean gestational age at the time of fetal MRI 
examination was 24.3±3.3 (20-33) weeks. The mean maternal 
age was 28.2±5.2 (20-39) years. None of the demographic 
features showed a statistical difference between the two 

groups (Table I). Thirteen (40.6%) of the malformations 
were located in the left hemithorax. The mean maximum 
diameter of the malformations was 22.91±6.4 mm. PSs were 
all located in the left hemithorax. The left-sided location 
of the PS group was statistically significant (p=0.007). In 
the postnatal period, CT examination was performed on all 
patients in order to detect a systemic feeding vessel.

Texture Analysis

Forty-eight texture features were calculated for each 
malformation on coronal T2-weighted HASTE images. 
Twenty features including 5 gray-level co-occurrence matrix 
(GLCM) features, 7 gray-level run-length matrix (GLRLM) 
features, 1 neighborhood gray-level difference matrix 
(NGLDM) feature, 6 gray-level zone length matrix (GLZLM) 
features, and 1 shape feature were significantly different 
between the CPAMSs and PSs (Table II).

Among the GLCM features, homogeneity, entropy-
log10, and entropy-log2 values were higher in the PS 
group while energy and dissimilarity values were found 
to be lower in those patients with PS. Of the GLRLM 
parameters, long-run emphasis (LRE), long-run high gray-
level emphasis (LRHGE), gray-level non-uniformity (GLNU), 
and run length non-uniformity (RLNU) values were greater 
while short-run emphasis (SRE), short-run high gray-level 
emphasis (SRHGE), and run percentage values were lower 
in the PS group compared to the CPAMs. The NGLDM_
contrast feature demonstrated lower values in the PS 
group. In those patients with PS, long-zone emphasis 
(LZE) and GLNU, which are two of the GLZLM parameters, 
showed higher values. On the other hand, short-zone 
emphasis (SZE), short-zone high gray-level emphasis 
(SZHGE), long-zone high gray-level emphasis (LZHGE), 
and zone percentage (ZP) were the other parameters of 
GLZLM which were seen to be lower in the PS group. Lastly, 
one of the shape features, namely compacity, was higher in 
the PS group.

The ROC curve analysis results with optimal cut-off 
values to differentiate CPAM and PS according to TA values 

Table I. Demographic data and MRI features

CPAM (n=24) PS (n=8) p-value

Gestational week at fetal MRI 23.96±3.1 25.63±4.0 0.117

Maternal age 28.79±5.2 26.75±5.3 0.360

Birth weight (kg) 3312±254 3245±375 0.265

Location (left/right) 11/13 8/0 0.007

Maximum diameter (mm) 23.79±6.5 20.25±5.7 0.191

CPAM: Congenital pulmonary airway malformation, PS: Pulmonary sequestration, MRI: Magnetic resonance imaging
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Table II. Comparison of the texture analysis features between the two groups

Texture features CPAM (n=24) PS (n=8) p-value

Histogram

Skewness
Kurtosis
Excess kurtosis
Entropy-log10
Entropy-log2
Energy 

-0.1984±0.3905
2.9420±0.5405
-0.0575±0.5404
1.7808±0.0959
5.9150±0.3201
0.0197±0.0042

-0.3160±0.5233
2.9287±0.7976
-0.0710±0.7972
1.8512±0.0603
6.1475±0.2047
0.0167±0.0033

0.572
0.632
0.632
0.067*
0.064*
0.068

GLCM

Homogeneity
Energy
Contrast
Correlation
Entropy-log10
Entropy-log2
Dissimilarity

0.1159±0.0207
0.0093±0.0077
651.3333±240.4242
0.2230±0.2532
2.2700±0.4608
7.5395±1.5345
20.0250±4.2173

0.1590±0.0232
0.0029±0.0029
438.1250±247.5897
0.4752±0.2721
2.7450±0.3836
9.1237±1.2829
15.3900±4.5875

<0.001
0.013*
0.051
0.064
0.018
0.015
0.029

GLRLM

SRE
LRE
LGRE
HGRE
SRLGE
SRHGE
LRLGE
LRHGE
GLNU
RLNU
RP

0.9907±0.0037
1.0400±0.0156
0.0031±0.0042
4614.1666±7.1728
0.0030±0.0040
4572.9166±15.7367
0.0034±0.0047
4879.1666±428.2818
5.7508±4.9567
336.5291±350.7447
0.9872±0.0049

0.9821±0.0094
1.1612±0.1693
0.0050±0.0074
4610.0000±11.9522
0.0049±0.0071
4521.2500±42.2365
0.0061±0.0097
5092.5000±359.9503
18.1075±27.6785
1212.6250±2044.9866
0.9748±0.0135

0.003
<0.001
0.862
0.497
0.761
<0.001
0.896
<0.001
0.013
0.015
0.006

NGLDM

Coarseness
Contrast
Busyness

0.0239±0.0126
2.7074±1.7891
0.0142±0.0058

0.0148±0.0105
1.2028±0.5543
0.0422±0.0785

0.107
0.012*
0.459*

GLZLM

SZE
LZE
LGZE
HGZE
SZLGE
SZHGE
LZLGE
LZHGE
GLNU
ZLNU
ZP

0.8919±0.0307
1.6783±0.3355
0.0028±0.0036
4599.5833±81.3729
0.0023±0.0029
4103.7500±181.7023
0.0076±0.0143
7732.9166±1520.55
4.5292±3.6623
210.8833±196.3578
0.8520±0.0481

0.8268±0.0886
3.9300±3.7660
0.0036±0.0045
4611.2500±121.9411
0.0024±0.0028
3743.7500±356.5684
0.0238±0.0526
3738.7500±1614.46
10.1137±11.9746
377.1250±344.4616
0.7265±0.1278

0.011
0.002
0.794
0.948*
0.433
0.001
0.486
0.002
0.021
0.058
0.002

Conventional indices

Q1
Q2
Q3
Min
Mean
Std
Max

396.9250±254.1990
428.1416±270.5008
460.1958±288.5882
281.5666±181.9861
427.0791±270.3255
455.0972±116.3722
544.8791±351.3055

363.6250±212.7150
410.5000±250.9222
445.8750±274.9875
258.7500±160.2121
405.0000±244.3627
405.2644±198.1508
519.6250±316.8875

0.896
0.896
0.948*
0.896
0.896
0.843
1.000
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are displayed in Table III. Two GLRLM parameters, SRHGE 
and LRE, showed the largest area under the curve results: 
0.956 (95% confidence interval (CI), 0.887-1) and 0.943 
[95% CI 0.861-1], respectively (Figure 2). A GLRLM_SRHGE 

value of <4555.0 had the finest diagnostic results with a 
sensitivity of 87% and a specificity of 95% for diagnosing PS. 
The optimal cut-off TA value for the GLRLM_LRE was >1.055, 
with a sensitivity of 87% and a specificity of 85%.

Table II. Continued

Texture features CPAM (n=24) PS (n=8) p-value

Shape features

Volume (mL)
Volume (voxels)
Compacity

3.7567±3.8214
676.1666±139.2360
0.7638±0.3357

5.4962±3.8065
559.5000±233.5899
1.0386±0.5099

0.177
0.744
0.041

*Independent t-test. Other p-values were calculated by using Mann-Whitney U test. Bold values indicate statistically significant.
CPAM: Congenital pulmonary airway malformation, PS: Pulmonary sequestration, GLCM: Gray-level co-occurrence matrix, GLRLM: Gray-level run-length matrix, SRE: 
Short-run emphasis, LRE: Long-run emphasis, LGRE: Low gray-level run emphasis, HGRE: High gray-level run emphasis, SRLGE: Short-run low gray-level emphasis, 
SRHGE: Short-run high gray-level emphasis, LRLGE: Long-run low gray-level emphasis, LRHGE: Long-run high gray-level emphasis, GLNU: Gray-level non-uniformity, 
RLNU: Run length non-uniformity, RP: Run percentage, NGLDM: Neighborhood gray-level difference matrix, GLZLM: Gray-level zone length matrix, SZE: Short-zone 
emphasis, LZE: Long-zone emphasis, LGZE: Low gray-level zone emphasis, HGZE: High gray-level zone emphasis, SZLGE: Short-zone low gray-level emphasis, SZHGE: 
Short-zone high gray-level emphasis, LZLGE: Long-zone low gray-level emphasis, LZHGE: Long-zone high gray-level emphasis, ZLNU: Zone length non-uniformity, ZP: 
Zone percentage, Q1: The first quartile, Q2: The second quartile, Q3: The third quartile, Min: Minimum, Std: Standard, Max: Maximum

Table III. The diagnostic performances of the texture analysis features with the cutoff values for pulmonary sequestration on coronal 
T2-weighted imaging

Texture feature Area under the 
curve

95% Confidence 
interval

Cut-off 
value

Sensitivity
(%)

Specificity 
(%) p-value

GLCM_Homogeneity 0.940 0.856-1.000 >0.141 87 83 < 0.001

GLCM_Entropy-log10 0.781 0.609-0.954 >2.590 75 75 0.019

GLCM_Entropy-log2 0.784 0.613-0.955 >8.600 75 75 0.018

GLRLM_LRE 0.943 0.861-1.000 >1.055 87 85 < 0.001

GLRLM_LRHGE 0.789 0.628-0.950 >4835.0 87 67 0.016

GLRLM_GLNU 0.797 0.639-0.955 >8.980 87 67 0.013

GLRLM_RLNU 0.792 0.633-0.951 >244.0 87 63 0.015

GLZLM_LZE 0.865 0.709-1.000 >2.065 75 85 0.002

GLZLM_GLNU 0.776 0.614-0.938 >4.235 87 75 0.021

Shape_Compacity 0.745 0.515-0.974 >0.839 75 67 0.041

GLCM_Energy 0.789 0.621-0.957 <0.002 75 75 0.016

GLCM_Dissimilarity 0.760 0.540-0.981 <18.75 75 70 0.030

GLRLM_SRE 0.852 0.686-1.000 <0.986 75 88 0.003

GLRLM_SRHGE 0.956 0.887-1.000 <4555.0 87 95 < 0.001

GLRLM_RP 0.828 0.626-1.000 <0.980 75 85 0.006

NGLDM_Contrast 0.802 0.632-0.972 <1.465 75 67 0.012

GLZLM_SZE 0.805 0.562-1.000 <0.859 75 85 0.011

GLZLM_SZHGE 0.880 0.745-1.000 <3975.0 75 80 0.001

GLZLM_LZHGE 0.530 0.576-0.946 <4525.0 50 65 0.002

GLZLM_ZP 0.865 0.704-1.000 <0.814 75 80 0.002

GLCM: Gray-level co-occurrence matrix, GLRLM: Gray-level run-length matrix, LRE: Long-run emphasis, LRHGE: Long-run high gray-level emphasis, GLNU: Gray-level 
non-uniformity, RLNU: Run length non-uniformity, GLZLM: Gray-level zone length matrix, LZE: Long-zone emphasis, SRE: Short-run emphasis, SRHGE: Short-run high 
gray-level emphasis, RP: Run percentage, NGLDM: Neighborhood gray-level difference matrix, SZE: Short-zone emphasis, SZHGE: Short-zone high gray-level emphasis, 
LZHGE: Long-zone high gray-level emphasis, ZP: Zone percentage
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Discussion
In this study, we assessed the performance of TA values 

to differentiate between fetuses with CPAM and PS on fetal 
MRI examinations. As far as we know, this study is the first 
in the literature to analyze the texture parameters between 
CLMs. Our study showed that fetal MRI-based TA may help 
to distinguish between CPAM and PS antenatally. Several TA 
parameters demonstrated a significant difference between 
those patients with CPAM and those with PS, in addition 
to the favorable area under the curve results from 0.745 to 
0.956 in our study. A GLRLM_SRHGE value of <4555.0 and 
a GLRLM_LRE value of >1.055 were found to be the most 
significant parameters to make an accurate diagnosis with a 
sensitivity of 87% in both and a specificity of 95% and 85%, 
respectively.

TA allows for the extraction of quantitative features 
from the medical images by means of dedicated software 
(16). The principle of TA is based on the knowledge that 
pixels in an image contain quantitative information, 
which may reveal the underlying pathophysiology of a 
texture (17). TA features are divided into subgroups as first-
order features (histogram), second-order features, shape 
features, and conventional indices. First-order features, 
also defined as histogram analysis, contain the distribution 
of voxel values inside an ROI (18). Second-order features 
describe the statistical associations between pixels (18). 
The GLCM shows pixel pairs in a figure towards a particular 
route while the GLRLM calculates the size of pixels (17). 
The NGLDM reflects the difference in gray-level values 
between a particular pixel and its neighbors (19). The 

GLZLM calculates the size of uniform pixels for each grey 
level (15). The shape features represent the geometric 
factors like volume, sphericity, and compacity within an 
ROI.

The data obtained from TA and their meanings do not 
reflect any visual finding on the radiological images. In this 
study, we did not find any differences in the first-order and 
conventional features and this may indicate that CPAM and 
PS have a comparable distribution of gray-level intensities 
in fetal MRI images. The shape features also did not show 
any significance except for compacity, which was one of the 
least significant features among all significant variables. 
However, a number of second-order features demonstrated 
statistical significance in our study. To summarize the 
parameters of interest; SRE, SRHGE, SZE, SZHGE, LZHGE, 
and ZP values were lower in the PS group while LRE, LRHGE, 
and LZE values were higher. According to these findings, we 
can interpret that high gray-levels are less frequent in PSs. 
This may be explained by the knowledge that CPAMs have 
cystic components (7) and this microstructural texture 
results in higher gray-levels in the T2-weighted MRI image. 
The GLRLM_SRHGE and the GLRLM_LRE values showed the 
highest significance in this study, supporting our theory.

The opportunity of evaluating relations between 
quantitative data and imaging features has brought a new 
point of view to various clinical conditions. However, to 
the best of our knowledge, TA has not been evaluated in 
fetal MRI images. Therefore, we did not have the chance to 
compare our results with the literature. Making an accurate 
and trustworthy diagnosis is very important in CLMs as it 

Figure 2. Receiver operating characteristics curves of the GLRLM_SRHGE and the GLRLM_LRE for differentiating pulmonary sequestration

ROC: Receiver operating characteristic, GLRLM: Gray-level run-length matrix, SRHGE: Short-run high gray-level emphasis, LRE: Long-run emphasis
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may change the management, for instance, resection or 
observation in asymptomatic patients (20,21). Although 
fetal US and MRI can determine an accurate diagnosis 
mostly, it has also been reported that both US and MRI 
were unable to diagnose CLMs in approximately 25% of 
cases (22). It was also indicated that although fetal MRI 
was superior to US for correctly determining the PS, the 
sensitivity rate was 70%. For these reasons, we evaluated 
the performance of TA in addition to fetal MRI, to figure out 
if it might help to determine the right diagnosis in the two 
most common CLMs, namely, CPAM and PS. Our diagnostic 
performance rates with fetal MRI-based TA were found to 
be higher than the study conducted by Mon et al. (22), in 
which they demonstrated the diagnostic accuracy of fetal 
US and MRI in CLMs.

Study Limitations

There were some limitations in this study. The 
retrospective nature of the study and the small number 
of subjects were the major limitations. Secondly, TA was 
performed on two-dimensional slices instead of volumetric 
measurement. Although three-dimensional analysis 
represents more extensive information, two-dimensional 
analysis has also been proven to provide adequate results 
(23). Thirdly, it is a known fact that TA values may be 
affected by different imaging protocols. Even though all 
fetal MRI examinations were performed by one scanner 
and had the same acquisition parameters, the FOV varied 
between 300-400 mm depending on the size of the fetuses. 
We normalized the voxel sizes and standardized the 
pixel discrimination to reduce this limitation (24). Finally, 
although TA values were measured automatically, two 
observers manually delineated the margins and drew the 
ROIs.

Conclusion
Fetal MRI-based TA provided comprehensive information 

regarding the two most common CLMs. Various texture 
parameters, particularly the GLRLM features, revealed 
important data to differentiate between CPAM and PS 
with high rates of sensitivity and specificity. By means of 
further trials with a larger population, TA might be used 
as a valuable modality to predict diagnosis in patients with 
CLMs prior to birth.
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ABSTRACT

Aim: Thiopurine S-methyltransferase (TPMT) is an essential enzyme in the metabolism of thiopurine drugs, and its activity may change due to 
different polymorphisms in the TPMT gene. The TPMT gene has different genetic polymorphisms in different ethnic groups. This study aimed to 
determine the frequency of TPMT polymorphisms in children with acute leukemia/non-Hodgkin lymphoma (AL/NHL) and healthy children and 
to evaluate their association with severe toxicities in the study population.

Materials and Methods: Sixty-seven pediatric AL/NHL patients and 84 healthy children were evaluated. Genotyping for the TPMT*2, TPMT*3A, 
TPMT*3B, TPMT*3C, TPMT*4, TPMT*5, TPMT*6, and TPMT*7 alleles were performed by the real-time polymerase chain reaction technique. The 
number of grade 3 or higher hematologic and hepatic toxicities were recorded from the patient charts.

Results: In the AL/NHL patients, we found that the patients had generally wild-type TPMT*1 allele in 80.6%, whereas TPMT*2 (238G>C) was 
seen in 1.5%, TPMT*3A (c.460G>A and c.719A>G) in 0%, and TPMT*3B polymorphisms (460G>A) in 17.9%. We found wild-type TPMT*1 allele 
in 98.8% and TPMT*3B polymorphisms (460G>A) in 1.2% of the healthy volunteers. Grade ≥3 myelosuppression developed in 22/54 patients 
with the wild type allele, and it developed in 5/12 patients with TPMT*3B allele. Six (8.9%) patients had grade ≥3 aspartate aminotransferase 
elevations, 17 (25%) patients had grade ≥3 alanine transaminase elevations (1-5 times), and 42 patients had (62.6%) grade ≥3 total bilirubin 
elevations.

Conclusion: TPMT*3B polymorphism was the most common allele detected in our study group. This allele frequency is very high in comparison 
to other studies from our country and it was over-represented in comparison to the healthy volunteers. We did not find any relationship 
between severe hematologic/hepatic toxicities and TPMT gene polymorphisms.
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Introduction
Thiopurine drugs, such as 6-mercaptopurine (6-MP) 

and 6-thioguanine (6-TG), are cytotoxic agents used to 
treat acute leukemia and non-Hodgkin’s lymphoma (NHL). 
Oral 6-MP is a mainstay of the maintenance therapy of 
acute lymphoblastic leukemia (ALL) and lymphoblastic 
lymphomas (LLs). Oral 6-TG is another thiopurine drug 
used in the maintenance treatment of acute myeloid 
leukemia (AML). One of the most frequent adverse effects 
of thiopurine drugs is myelosuppression, which is usually 
reversed by decreasing the dosage of the drug.

Thiopurine S-Methyltransferase (TPMT) is a cytosolic 
enzyme that converts thiopurine drugs into inactive 
metabolites via methylation reactions and it provides 
protection against 6-MP/6-TG drug toxicity (1). Usually, 
90% of patients have normal TPMT activity. However, in 
10% of patients, TPMT enzyme activity may be different due 
to different TPMT gene polymorphisms. Patients who carry 
homozygous TPMT gene polymorphisms with two non-
functional TPMT genes (0.3%) have no TPMT enzyme activity 
and may experience life-threatening myelosuppression 
when taking thiopurine drugs (1,2). Patients with 
heterozygous mutations with one non-functional allele 
have intermediate enzyme activity and have a higher risk 
for toxicity than normal patients, but 40-70% can tolerate 
these drugs. Due to these life-threatening toxicities, the 
Clinical Pharmacogenetics Implementation Consortium 
(2013) and the US Food and Drug Administration (2015) 
recommended testing for TPMT gene polymorphism before 
starting mercaptopurine treatment and adjusting dosages 
according to gene status (2).

The TPMT gene is located on chromosome 6p22.3, and 
more than 23 single nucleotide polymorphisms have been 
reported (3). TPMT 1 (wild-type) allele codes the normal 
active enzyme. The most common alleles responsible for 
deficiency are TPMT 2 (c.238G>C), TPMT 3A (c.460G>A and 
c.719A>G), and TPMT 3C (c.719G>A). These account for 
80-95% of deficient cases. TPMT 3A and 3B polymorphisms 
may result in an apparent lack of TPMT enzyme activity. On 
the other hand, TPMT 2 and TPMT 3C polymorphisms do 
not affect enzyme activity, but they result in a prominent 
decrease in TPMT protein levels (4,5). Therefore, patients 
with ALL, AML, and LL may have different sensitivities to 
thiopurines as a result of these genetic polymorphisms in 
the TPMT gene.

TPMT has different genetic polymorphisms in different 
ethnic groups. Therefore, we aimed to determine the 
frequency and type of TPMT polymorphisms in our study 

population and assess its relationship with the hematologic 
and hepatic toxicities of 6-MP and 6-TG.

Materials and Methods

Subjects

This study included patients with leukemia, lymphoma, 
and healthy subjects as a control group. The healthy subjects 
were collected from those patients who were seen for any 
reason other than malignancy in the general pediatrics 
outpatient service. The local ethics committee approved 
this study, and informed consent was obtained from the 
parents.

Treatment protocols were ALL-Berlin-Franfurt-
Münster-90 (BFM), ALL-BFM-95, and Türkiye ALL-2000 for 
ALL in consecutive years, while AML-BFM-93 was used for 
AML, and NHL-BFM-90 and 95 were used for LL. In the 
maintenance treatment of ALL and LL, 6-MP was given at a 
dosage of 50 mg/m2/day and oral methotrexate was given 
weekly (total treatment duration two years for ALL). In the 
AML maintenance treatment, 6-TG was given at a dosage of 
40 mg/m2/day for one year.

In the maintenance protocols, patients were given 
100% of the estimated drug dosage if white blood cell 
(WBC) counts were between 2,000-3,000/mm3 and 50% 
of the dosage if WBC counts were between 1,000-2,000/
mm3. The drug is withdrawn in cases where WBC is less 
than 1,000/mm3. Similarly, the drug is withdrawn in cases 
where hepatotoxicity is ≥3 grade. The number of grade 
≥3 hematologic (Hemoglobin, WBC, platelet counts) 
and hepatic toxicities [serum alanine transaminase 
(ALT), aspartate aminotransferase (AST), total bilirubin 
levels] were obtained from the patient charts by the 
investigators.

We used the Common Toxicity Criteria version 5 
recommended by the National Cancer Institute for 
hematological and hepatic toxicity. The grades explain the 
severity of toxicity; Grade 1: Mild, Grade 2: Moderate, Grade 
3: Severe, Grade 4: Life-threatening, Grade 5: Death (6).

The patients were followed up at the outpatient service 
bi-weekly. The highest value measured in each month was 
considered to be the toxicity value.

DNA Isolation and TPMT Genotyping

Genomic DNA was extracted from all subjects’ 
peripheral blood leukocytes using the high pure polymerase 
chain reaction (PCR) template preparation kit (Roche 
Applied Science, Mannheim, Germany) and stored at 
-20 °C until use. Genotyping for the TPMT*2, TPMT*3A, 
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TPMT*3B, TPMT*3C, TPMT*4, TPMT*5, TPMT*6 and TPMT*7 
alleles was performed according to the modified protocol 
of Tai et al. (4) by means of real-time PCR using the 
Light Cycler® v.2.0 instrument (Roche Applied Science, 
Mannheim, Germany). For this purpose, specific primers 
and hybridization probes (TIB MOLBIOL, Berlin, Germany) 
for the analyzed alleles were used combined with the Light 
Cycler DNA Master Hybridization Probes Kit (Roche Applied 
Science, Mannheim, Germany). Polymorphic alleles were 
identified by the specific melting temperature (Tm) of the 
resulting amplicons.

Statistical Analysis

Data were analyzed using SPSS software (version 
21.0). The means of the groups were analyzed using non-
parametric tests. Correlation of the TPMT polymorphisms 
with different parameters was performed using the chi-
square or Fisher’s exact tests, and a p-value of <0.05 was 
considered statistically significant.

Results
The study group consisted of 67 patients (43 male, 24 

female), and the mean age was 8.1 years (1-18 years). The 
diagnosis was ALL in 42, AML in 5, and LL in 20 patients. The 
control group consisted of 84 healthy children (34 male and 
50 female) with a mean age of 9.5 years (1-18 years). Patient 
characteristics are given in Table I.

In the genotyping, we found that the patients in the 
study group had generally wild-type TPMT (*1) allele at a 
prevalence of 80.6%, TPMT*2 (G238C) at a prelence of 1.5 
% and TPMT*3B polymorphisms (G460A) at a prevalence 
of 17.9% (Table II). The polymorphisms detected were 
heterozygous mutations, and no homozygous mutations 
were detected. Other polymorphisms including TPMT*3A, 
TPMT*3C (A719G), TPMT*3D, TPMT*4 (G-A), TPMT*5 
(T146C), TPMT*6 (A539T) and TPMT*7 (T681G) were not 
detected.

In the control group, wild-type TPMT (*1) was 98.8% 
and TPMT*3B was 1.2%. Other polymorphisms were not 
detected. The leukemia-lymphoma patients were found to 
have less wild-type TPMT but more TPMT*3B polymorphism 
(p=0.0001 and 0.0001) (Table II).

As for hematologic toxicity, only one patient (1.5%) 
developed grade ≥3 anemia (2 times) during maintenance 
treatment, and this patient had a wild-type TPMT allele. 
However, 28 patients (41.8%) developed grade ≥3 leukopenia. 
Of these patients, 22 of them had wild-type TPMT allele, 5 
of them had TPMT*3B polymorphism, and one of them had 
TPMT*2 polymorphism. None of the patients developed 
grade ≥3 thrombocytopenia (Table III).

As for severe hepatic toxicity, six (8.9%) patients had 
grade ≥3 AST elevations, while 17 (25%) patients had grade 
≥3 ALT elevations (1-5 times), and 42 patients (62.6%) had 
grade ≥3 total bilirubin elevations (1-23 times) (Table III).

We did not find any relationship between the numbers 
of severe (grade ≥3) hematologic/hepatic toxicities and 
TPMT gene polymorphisms in the statistical analysis.

Discussion
Thiopurine drugs, such as 6-MP and 6-TG are a mainstay 

of the maintenance therapy of acute leukemia and LLs. 
TPMT enzyme catalyzes the methylation and inactivation 
of thiopurine drugs. The enzyme activity is influenced by 
polymorphisms in the TPMT gene and TPMT has different 
genetic polymorphisms in different ethnic groups. It is 
important to know TPMT polymorphisms in the population 

Table II. TPMT polymorphism distribution of the patients

TPMT allele SNP position Genotype distrubition
n=67 (patient)

Genotype distrubition
n=86 (control)

TPMT 1 Wild 54 (80.6) 85 (98.8)

TPMT 2 238 G>C 1 (1.5) 0

TPMT 3B 460 G>A 12 (17.9) 1 (1.2)

TPMT: Thiopurine S-methyltransferase, SNP: Single-nucleotide polymorphism

Table I. Characteristic features of the patients

  Patients (n) Control group (n)

Age, years 8.1 (1-18) 9.5 (1-18)

Gender

Male
Female

43
24

34
50

Disease

ALL
AML
NHL

42
5
20

-
-
-

ALL: Acute lymphoblastic leukemia, AML: Acute myeloid leukemia, NHL: Non-
Hodgkin lymphoma
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to evaluate the safety of these drugs. Therefore, we aimed to 
determine the frequency and type of TPMT polymorphisms 
in Turkish children. The most common polymorphism was 
TPMT*3B allele in healthy Turkish children (1.2%). Other 
polymorphisms (TPMT*2, TPMT*3B, TPMT*3A, TPMT*3C, 
TPMT*3D, TPMT*4, TPMT*5, TPMT*6, TPMT*7) were 
not determined. There is a limited data about the TPMT 
polymorphisms in healthy Turkish children. Sayitoğlu et al. 
(7) analyzed TPMT genotypes in healthy Turkish individuals 
and detected the prevalence of the TPMT*2 to be 2%, 
TPMT*3B to be 0%, and TPMT*3C to be 1.4%. However, this 
is different from our results. We did not detect TPMT*2 and 
TPMT*3C allels.

In the leukemia-lymphoma group, we found that 
leukemic children had wild type TPMT allele (TPMT*1) in 
80.6%, TPMT*3B in 17.9%, and TPMT*2 in 1.5%. Unlike 
other studies, TPMT*3B allele frequency was very high in 
our patients. TPMT*3B is a rare allele that is usually absent 
in many populations. Tumer et al. (8) studied 106 Turkish 
children with ALL and detected TPMT*2 in 0%, TPMT*3B in 
0.9%, and TPMT*3C in 0.9%. Similarly, Akın et al. (9) studied 
169 children with leukemia and detected TPMT*2 in 0%, 
TPMT*3A in 1.7%, TPMT*3B in 1.7%, and TPMT*3C in 2.4%. 
We did not detect TPMT*3C and TPMT*3A in our population. 
This difference may be related to our study population. Our 
population was recruited from Western Anatolia. However, 
other studies were recruited from the Marmara region of 
Central Anatolia. Only a few studies have reported TPMT*3B 
polymorphism as high in the literature. Moreno-Guerrero et 
al. (10) studied Mexican children with different cancer types 
and reported TPMT*3B polymorphism at a rate of 7.5%. 
However, another study from Mexico reported TPMT*3B to 
be 0.1% in leukemia patients (11). According to these results, 
we thought there might be regional differences within the 
same country. In Europe, TPMT-3B was only reported in the 
Spanish population to be 1.5%, and other studies from our 
country at a prevalence of 0.9-1.7% (7-9,12). Among Asian 
countries, an Iranian study reported TPMT*3B allele to be  
1.6% in the healthy population (13).

The increased TPMT*3B allele frequency in the patient 
group compared to healthy children is striking in our 

study group. This result raises the question of whether 
these polymorphisms might affect leukemia susceptibility. 
We know that folate metabolism plays an important 
role in DNA synthesis and methylation. Deviations in 
the folate metabolism resulting from polymorphisms in 
genes encoding folate-dependent enzymes may affect 
susceptibility to leukemia. One of the most extensive series 
from Mexico studied 849 patients (428 ALL, 421 non-ALL), 
and they found TPMT polymorphism frequency to be higher 
in ALL patients but did not find it statistically significant 
(11). Previous studies from the Mexican population also 
reported TPMT polymorphisms are not a risk factor for ALL 
(14,15).

In our study, TPMT*3C allele was not detected. However, 
TPMT*3C is the most frequent allele in Asian and African 
populations (16). Leukemic children from Singapore were 
reported to have TPMT*3C allele at a rate of 3% in the 
Chinese population, 2.3% in Malaysians, whereas children 
from Thailand have TPMT*3C at a rate of 11% (17,18).

TPMT*3A is the most common allele in the Caucasian 
and American populations but was not detected in our 
study. Lennard et al. (19) evaluated 1,320 children with 
ALL in England and detected TPMT*3A at a rate of 4.5%, 
and TPMT*3B at a rate of 0%. For the Serbian population, 
TPMT*3A allele frequency was reported as 3.2% while 
TPMT*2 was 0.2%, and TPMT*3B was 0.5% (20).

TPMT*2 is another less common allele. This allele has 
been detected 0-0.1% in Asian populations and 0.1-0.85% in 
European populations (11,13). On the other hand, two larger 
sample-sized studies in Iran reported this allele at a rate of 
2.16-3.93% (13,21). In our study, TPMT*2 frequency was 1.5%.

As for drug toxicity, theoretically, it can be assumed that 
children with heterozygous or homozygous polymorphisms 
might experience more hematologic or hepatic toxicities 
of 6-MP and 6-TG as a result of decreased enzyme 
activity, decreased thiopurine clearance from plasma, and 
accumulation of the drug in the body. There are many 
studies regarding thiopurine dosage and its relevance with 
TPMT alleles, but this research is very limited in the pediatric 
age group.

Table III. Grade≥3 hematologic/hepatic toxicities in patients according to TPMT polymorphism (n=67)

  ALT (n) AST (n) T. Bil Anemia (n) Leukopenia (n) Trombocytopenia (n)

TPMT 1 11 5 31 1 22 0

TPMT 2 0 0 1 0 1 0

TPMT 3B 6 1 10 0 5 0

TPMT: Thiopurine S-methyltransferase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase
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Relling et al. (22) showed that 6-MP dose reductions 
due to toxicity, rates of thrombocytopenia, neutropenia, 
and hospitalization due to infection were highest among 
those patients homozygous for mutant TPMT, intermediate 
among heterozygous mutations, and lowest among wild-
type patients. Interestingly, they showed hepatotoxicity 
tends to be more frequent in wild-type patients. We 
speculate that methylated metabolites probably contribute 
to hepatotoxicity. El-Rashedy et al. (23) had similar results 
when they reported TPMT mutant patients to have a high 
risk of hematological toxicity, but there was no statistically 
significant increase in hepatotoxicity. However, we did not 
find any relationship between the hematologic/hepatic 
toxicity and TPMT gene polymorphisms. Similar to our 
findings, Ayesh et al. (24) evaluated 56 ALL patients in 
the Palestinian territories. Out of 14 myelosuppression 
cases, only one patient had TPMT polymorphism and this 
reported myelosuppression could not be explained only by 
the existence of polymorphism. Farfan et al. (25) studied 
103 Chilean ALL children and detected polymorphisms of 
TPMT*3A in 7%, and TPMT*3C in 1%. However, they did 
not find any relationship between toxicity and wild-type 
or mutant alleles (25). These results suggest the effect 
of other genetic factors or other polymorphisms in the 
development of toxicity.

In the last decade, several studies have shown that 
there are many genes involved in thiopurine metabolism 
and drug intolerance, such as BCC4, ABCC5, IMPDH1, ITPA, 
SLC28A3, XDH and NUDT15 (26). Especially, NUDT15 and 
ITPA are the most important of these. NUDT15 is an enzyme 
involved in the metabolism of thiopurine drugs and has 
shown a strong association with thiopurine intolerance. 
Yang et al. (27) reported that NUDT15 polymorphism causes 
susceptibility to thiopurine-induced myelosuppression. 
However, Moradveisi et al. (28) reported that TPMT and 
NUDT15 polymorphisms are quite rare and, therefore, the 
ITPA polymorphism is important. They found that the ITPA 
polymorphism was more common in their study group 
and that there was a significant relationship between the 
ITPA polymorphism and the dosing intensity of 6-MP (28). 
Interestingly, a study from our country showed that TPMT 
and ITPA variants were rare in our population, but SLC01B1 
polymorphisms were common, and these variants were 
associated with thiopurine intolerance (29).

Conclusion
In conclusion, TPMT gene polymorphisms are important 

because of life-threatening complications during 6-MP and 
6-TG therapies. TPMT*3B polymorphism, which is described 

as being rare in the published data, was the most common 
allele detected in our AL/NHL patient group. Our study 
showed different results from previous studies in Turkey. We 
did not find a possible relationship between polymorphisms 
and severe hematologic or hepatic toxicities.
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Introduction

Perception of pain is influenced by a combination of 

various emotional and behavioral factors, including 

age, gender, social environment, culture, education and 

experiences (1,2). Dressing changes after the surgery, 

injection, bloodletting and similar healthcare interventions 

are the primary sources of fear experienced by hospitalized 

children. Pain that stems from these procedural 
interventions are defined as procedural pain (3,4). Parents 
are mostly concerned with dressing change after abdominal 
surgery since it causes pain and fear among their children 
(3,5). Fear and anxiety are considered as two important 
factors that cause procedural pain due to dressing change. 
On addition, negative pain experiences during procedural 
interventions may have life-long effects on children (6).

ABSTRACT

Aim: This randomized controlled study aims to analyze the effects virtual reality (VR) and carton distraction techniques pain due to dressing 
change and fair levels in children that underwent abdominal surgery.

Materials and Methods: The study was conducted on 96 children between 7 and 10 years of age, who visited pediatric surgery department 
of University of Health Sciences Turkey, İstanbul Bağcılar Training and Research Hospital between 1 November 2018 and 30 November 2019. 
Personal information form on children and parents, Wong-Baker faces pain rating scale and children’s fear scale were used for data collection. 
Due to dressing change, no intervention was made to the children in the first group whereas children in the second and third groups watched 
video with VR headset and cartoon from tablet, respectively. Pain severity and fear levels were self-assessed. Descriptive statistics, correlation 
analysis, Wilcoxon signed-rank, Kruskal-Wallis, Mann-Whitney U, Pearson’s chi-square and Fisher-Freeman-Halton exact tests were used for 
data analysis. Statistical significance was set at p<0.05.

Results: Mean age of children was 8.58±1.13 and 56.3% (n=54) were male. Pain and fear scores due to dressing change were lower for the VR and 
carton distraction groups. Statistically significant difference between the control and the distraction groups stemmed from the VR distraction 
group (p<0.05).

Conclusion: This study found that allowing children to watch video with VR headset due to dressing change is an effective way to distract 
attention and decrease pain and fear levels.
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Avoiding pain, sorrow and suffering during healthcare 
delivery is an important professional responsibility of 
nurses (7). The clinical guideline of American Pain Society 
(APS) recommends the use of different pharmacological 
and non-pharmacological modalities for the treatment of 
postoperative pain in children (8). Similarly, the American 
Society of Pain Management Nursing (ASPMN) recommends 
non-pharmacological modalities in order to reduce analgesic 
medication use and improve the quality of life by eliminating 
pain. APS also recommends the use of cognitive-behavioral 
modalities for pain management in children (8).

Distracting is a frequently used technique of pain 
management (6,9,10). Lee et al. (11) found that watching 
animated cartoons was a cheap and very effective way 
to alleviate preoperative anxiety of children aged 3 to 7 
years. Lange et al. (12) reported that virtual reality (VR) 
distraction reduced behavioral pain and anxiety of children 
who received painful intervention. The systematic review of 
Luo et al. (13) recommended combining VR distraction and 
analgesics for procedural pain management.

During invasive interventions, pediatric nurses use 
distraction techniques in order to reduce pain. These 
methods have positive effects on not only the children and 
their parents but also the nurses who provide healthcare. We 
did not find any studies in the literature that compared the 
effects of watching videos with a VR headset with watching a 
cartoon from a tablet computer on pain reduction in children 
while undergoing dressing change after abdominal surgery. 
This experimental study aimed to compare the effects of 
VR and cartoons as a distraction while undergoing dressing 
change on the pain and fear levels of children between 7 and 
10 years of age who had undergone appendectomy or other 
minor abdominal surgery.

Research Hypotheses

1.	 Hypothesis (H0): Distracting methods such as 
watching cartoons or VR do not affect the pain and fear 
while undergoing a dressing change in children.

2.	 Hypothesis (H1): Children who use VR glasses (Group 
B) for pain distraction will have less pain and fear while 
undergoing a dressing change than children watching 
cartoons (Group C).

3.	 Hypothesis (H1): Children watching cartoons (Group 
C) will have less pain and fear while undergoing a dressing 
change than children in the control group (Group A).

Materials and Methods

This randomized-controlled experimental study was 
conducted on children aged 7 to 10 years, who visited the 

pediatric surgery department of a training and research 
hospital and underwent abdominal surgery between 1st 
November 2018 and 30th November 2019. The study aimed 
to compare the effects of VR and cartoon distraction on 
pain and fear levels while undergoing a dressing change 
in children who had undergone appendectomy or other 
minor abdominal surgeries. The sample size was calculated 
according to the data of a similar study (5) in which we 
set the G*Power (3.1.0) of the test (1-β) as 0.80 and the 
significance level α as 0.05. Each of the three groups required 
32 individuals and the study was completed with a total 
number of 96 participants. The participants were stratified 
according to age and gender variables and randomized 
into control and intervention groups. Research randomizer 
software (https://www.randomizer.org/) was used for the 
homogenous allocation of the participants. Before entering 
the data on sample size, sets 1, 2 and 3 were used as titles to 
indicate the control, VR distraction and cartoon distraction 
groups. The order of the participants in the sample was 
randomly determined by the software. The children were 
allocated to the set 1, 2 and 3 groups according to their date 
of hospitalization (Figure 1).

Inclusion Criteria:

-	 At least two days passed since the operation,

-	 Age ranging from 7-10 years,

-	 Voluntary participation by parents and child,

-	 Having undergone appendectomy or other small 
abdominal surgery,

-	 Parents and child who speak and understand Turkish.

Exclusion Criteria:

-	 Having received pain killers or sedative medication in 
last 6 hours.

-	 History of epilepsy, migraine or vestibular disease,

-	 Physical or mental health problems that prevent 
communication.

Data Collection Tools

The personal information form on children and parents 
(PIFCP), Wong-Baker faces pain rating scale (WBFPS) and the 
children’s fear scale (CFS) were used for data collection. The 
PIFCP was prepared by the researchers by using the relevant 
literature. The form included 11 close-ended questions 
on the sociodemographic characteristics of the children 
and their parents, the medical history of the children, and 
the factors that may influence pain and fear levels of the 
children, including previous surgeries, prior experience of 
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dressing changes, the length of hospital stay and chronic 
diseases.

WBFPS shows six faces and asks children between 3 and 
18 years of age to self-assess their level of pain. The first 
face on the far left indicates “no hurt” and represents a pain 
score of 0 whereas the sixth face on the far right indicates 
“hurts worst” and represents a score of 10. The Cronbach’s 
alpha test (r=86) was used for reliability (14). WBFPS was 

assessed using self-report and reports from the parents, 
the researcher and the nurse who changed the dressing in 
this study.

CFS was developed by McMurtry in 2011. The Turkish 
validity and reliability of the scale was assessed by Gerçeker 
et al. (15) in 2018. The scale shows five faces and asks the 
children between 5 and 10 years of age to self-assess their 
level of fear. The first face on the far left indicates “not 

Figure 1. Consort flow diagram
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scared at all” and represents a fear score of 0 whereas 
the fifth face on the far right indicates “the most scared 
possible” and represents a fear score of 4 (15).

We used a white 3D PREO myVRbox VR headset. The 
VR headset transforms a display from a mobile phone, 
computer or other technological device with LED, LCD or 
Plasma screens to a more realistic image by creating visual 
illusion (http://acikarsiv.beun.edu.tr/xmlui/bitstream/
handle/20.500.12628/9401/G%c3%b6ksu%2c%20Fatma.
pdf?sequence=1&isAllowed=y). The VR headset was 
supplied by the researcher and disinfected after each use. 
Additionally, an Apple A1823 iPad tablet was used by the 
children to watch a cartoon. The tablet was supplied by the 
researcher and disinfected after each use (Figure 2, 3).

Data Collection Procedures

Study data was collected over a period of one year (1st 

November 2018/30th November 2019). Before starting the 
research, we obtained institutional and ethics committee 

permission and permission and permission from the authors 
to use the scales. We also obtained verbal and written 
informed consent of the participant children and their 
parents.

Dressing change in all groups was performed by the same 
pediatric nurse, who had been working in the department 
of pediatric surgery for three years. It took place in the 
dressing room of the pediatric surgery department, where 
the parents and the researchers were present.

The first phase of the research started with the 
determination of the samples that matched the inclusion 
criteria (96 children). Next, the aim and scope of the 
research were explained to the children and their parents 
by the researcher. In the second stage, 96 children were 
allocated to the control and the intervention groups, with 
32 participants in each group.

Control Group A (n=32)

Group A was the control group that received their 
dressing change without any intervention. The dressing 
room was located in the clinic. The children were with their 
parents during the dressing change. Before the dressing, 
the researcher recorded the demographic characteristics 
via the Personal Information Form. The children and their 
parents were informed about WBFPS and CFS and pain 
and fear levels were evaluated through the expression 
of the child. The dressing took 8-10 minutes. After the 
dressing change, pain and fear levels were assessed by the 
researcher.

Implementation Phase

Children in Group B watched a video with VR headset 
while undergoing a dressing change (n=32). Firstly, the 
researcher prepared the mobile VR support system for 
use. Secondly, the parent and child were brought to the 
dressing room. Then, their demographic characteristics 
were recorded to the PIFCP. Before the evaluation of pain 
and fear levels, the VR glasses were shown to the children 
and they were allowed to examine them. After this, the 
mobile phone was attached to the VR glasses. Then, the VR 
glasses were placed on the child’s eyes and were placed in 
a comfortable position. The VR headset was switched on 
three minutes before the dressing change and it was on until 
the dressing change ended. For group B, 3D-VR VIDEOS 234 
SBS VR Video 2k Google cardboard was used. The dressing 
change was completed in about 8-10 minutes. After the 
dressing change, pain and fear levels were assessed by the 
researcher. Finally, the VR glasses and the mobile phone 
were disinfected.

Figure 2. VR glasses used in data collection

VR: Virtual reality

Figure 3. Cartoon showing children on tablet while collecting data
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Children in Group C watched cartoons on a tablet 
(n=32). All steps of group B were also applied for group 
C (e.g: Demographic characteristics were recorded and 
an assessment for pain and fear was carried out). The 
“Keloğlan: Food Competition” cartoon was used for Group 
C. For group C, a different cartoon had to be chosen than for 
Group B because the cartoon was not adapted to VR glasses. 
The tablet was given to the children three minutes before 
the dressing change and they were allowed to lie down in a 
comfortable position. Then, the tablet was switched on by 
the researcher and the dressing was changed by the nurse. 
The process took about 8-10 minutes. After the dressing 
change, the children were asked to show the faces that 
reflected their fear and pain levels during the intervention 
on CFS and WBFPS. The researchers marked the faces shown 
by the participants.

Statistical Analysis

The collected data were analyzed using NCSS (Number 
Cruncher Statistical System) 2007 (Kaysville, Utah, USA) 
software. Statistical significance for all analysis was set 
at 0.05. Mean, standard deviation, median, frequency, 
percentage and minimum-maximum values were used 
as descriptive analysis. The Wilcoxon sign-rank test was 
used for the comparison of quantitative data without 
normal distribution and the Kruskal-Wallis test was 
performed for inter-group comparison. Dunn’s test was 
used for paired comparison and Bonferroni correction 
was used for p-values. Spearman’s Rho correlation 
analysis was used to evaluate the relationship between 
variables. Pearson’s chi-square test and Fisher-Freeman-
Halton exact test were used for the comparison of 
qualitative data.

Ethical Considerations

We obtained permission from Acıbadem University 
and Acıbadem Health Institutions Medical Research Ethics 
Committee (ATADEK: 2018-11/11, dated: 26.07.2018) and 
institutional permission from University of Health Sciences 
Turkey, İstanbul Bağcılar Training and Research Hospital (no: 
82998542-771-21701, dated: 16.11.2018). Health professionals 
working at the department of pediatric surgery of University of 
Health Sciences Turkey, İstanbul Bağcılar Training and Research 
Hospital were informed about the research. The children and 
their parents were informed about the aim and the scope 
of the research. Verbal and written informed consent of the 
parents and verbal informed consent of the children were 
obtained. The participants and their parents were informed 
that they could withdraw at any time without any reason.

Results
Participant characteristics: The mean age of the 

participants was 8.58±1.13 years, 56.3% (n=54) were male 
whereas the remaining 43.7% (n=42) were female. It was 
observed that majority of the children (n=85) had been 
operated on their right abdomen. Most of the children’s 
(n=59) pain level measurements were evaluated in post-
op 3-5 days (Table I). There was no statistically significant 
difference between the three groups in terms of their 
descriptive characteristics, such as age, gender, surgical 
history, experience and time of dressing change, dressing 
site or chronic diseases (p>0.05) (Table I).

Pain scores and comparison of the groups: The mean 
WBFPS scores of the control, VR and cartoon distraction 
groups while undergoing dressing change were 3.56±1.74, 
0.44±0.98 and 1.63±1.56, respectively. The difference 
between the groups was statistically significant (p=0.001; 
p<0.01) (Table II). Paired comparison to reveal the source 
of the difference showed that the mean WBFPS scores of 
the cartoon and VR distraction groups were lower than 
the control group and the mean WBFPS score of the VR 
distraction group was lower than cartoon distraction group 
(Table II, III, Figure 4). The 2nd and 3rd Hypotheses were 
confirmed by these findings.

Fear scores and comparison of the groups: The mean 
CFS scores for the control, VR and cartoon distraction 
groups while undergoing dressing change were 2.50±0.67, 
0.50±0.92 and 1.09±0.93, respectively. The difference 
between the groups was statistically significant (p=0.001; 
p<0.01) (Table III). Paired comparison to reveal the source 
of the difference showed that the mean CFS scores of the 

Figure 4. Pain score before and after



Özsoy and Ulus
Reducing the Fear and Pain of Dressing-changed Children

71

cartoon and VR distraction groups were lower than the 
control group and the mean CFS score of the VR distraction 
group was lower than cartoon distraction group. These 
findings confirmed hypotheses 2 and 3 (Table III).

Discussion
This study examined the effects of two different 

distraction methods on the pain and fear levels of children. 
This study aimed to compare the effects of VR and cartoons 
as a distraction to pain and fear while undergoing a dressing 
change of children between 7 and 10 years of age who had 

undergone abdominal surgery. The VR distraction was more 
effective than the cartoon distraction for reducing pain and 
fear while undergoing a dressing change.

Existing studies show that children suffer from pain 
and fear due to procedures. Procedural pain may have 
adverse effects on children and may increase in later 
interventions if it is not prevented or properly managed 
(16,17). This, in turn, may result in an unwillingness to 
receive procedures and even a delay in treatment (3,18). For 
this reason, all health professionals agree on the point that 
effective methods should be used to reduce pain and fear 

Table I. Characteristics of children (n=96)

  Control group A 
(n=32) VR group B (n=32) Cartoon distraction group C 

(n=32) Analysis

Characteristics of children

  n % n % n %  

Age

7 years 11 months 5 15.7 10 31.2 7 21.9

p=0.7118 years 11 months 10 31.2 7 21.9 6 18.8

9 years 11 months 8 25.0 8 25.0 8 25.0

10 years 9 28.1 7 21.9 11 34.3

Gender

Female 13 40.6 16 50.0 13 40.6
p=0.683

Male 19 59.4 16 50.0 19 59.4

Surgery history

No 25 78.1 26 81.3 27 84.4
p=0.815

Yes 7 21.9 6 18.7 5 15.6

Dressing change history

No 31 97 29 90.6 30 93.8
p=0.869

Yes 1 3.1 3 9.4 2 6.2

Dressing change day

0-2. day 2 6.2 0 0.0 2 6.2

p=0.630

3-5. day 22 68.8 18 56.3 19 59.4

6-8. day 6 18.8 11 34.3 7 21.9

9-11. day 2 6.2 3 9.4 3 9.4

12-14. day 0 0.0 0 0.0 1 3.1

Dressing place

Right abdomen 28 87.5 27 84.4 30 93.8
p=0.611

Left abdomen 4 12.5 5 15.6 2 6.2

Chronic illness

No 31 96.9 29 90.6 30 93.8
p=0.869

Yes 1 3.1 3 9.4 2 6.2

VR: Virtual reality
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due to procedures. The ASPMN states that nurses should 
intervene in order to provide the best pain management 
before, during and after procedures based on the needs 
of the patients, the setting and the situation (18). Within 
this context, distraction is a widely used technique of 
pain management in pediatric clinics. Various techniques 
independently employed by nurses have decreased the 
pain and fear of children (3,19).

Pediatric nurses, who have been with pediatric patients 
for longer than other team members, can apply non-
pharmacological methods to reduce pain and fear more 
correctly and independently. Distraction methods that can 
be applied to age groups of children by nurses are VR glasses, 
video/television streaming, playing computer game, cold/
hot applications, giving toys and breathing exercises (20). 
VR is a relatively new technique to provide distraction and 
it might be more effective than other traditional methods 
(21).

In the systematic review and meta-analysis study 
conducted by Eijlers et al. (21), it was reported that the VR 
method reduces pain and anxiety in children. It was also 
reported that “the VR interventions for pain and anxiety 
were potentially more efficacious for younger than for older 
children” (21).

Pain and fear scores of the children in this study, who 
watched a video with a VR headset were lower than those 
children who watched a cartoon from a tablet or did not 
watch anything, and the difference between the groups 
was statistically significant (p<0.01) (Table II). Mott et 
al. (22) found that augmented VR systems alleviated 
the pain levels of children undergoing a burns dressing 
change between the ages of 3.5 and 14 years. Das et al. (23) 
analyzed the effects of playing a VR game on procedural 
pain of children with acute burn injuries between the 
ages of 5 and 18 years and found that those children 
who received pharmacological analgesia had higher pain 
scores than the children who received pharmacological 
analgesia with a VR game. The randomized-controlled 
trial of Hua et al. (10) on the effects of VR distraction on 
pain relief while undergoing a dressing change in children 
aged from 4 to 16 years with chronic wounds found that 
VR distraction lowered pain and fear scores and reduced 
the length of time needed for the dressing change. The 
pilot study of Gershon et al. (24) found that VR distraction 
reduced pain and anxiety in children with cancer, aged 
from 7 to 19 years, whose treatment protocols required 
access to subcutaneous venous port device. Khadra et al. 
(25) conducted a pilot study to evaluate the impact of VR 
distraction on procedural pain management in children 

Table II. Comparison of pain score pre-dressing and post-dressing

Groups

Control group A VR group B Cartoon distraction group C p-value

Pre-dressing Min-max (median)
Mean+SD

0-8 (2)
1.8±1.83

2-6 (4)
3.44±1.37

0-10 (4)
3.37±1.86

x2: 19,325
c0.001**

Post-dressing Min-max (median)
Mean+SD

0-8 (4)
3.56±1.74

0-4 (0)
0.44±0.98

0-6 (2)
1.63±1.56

x2: 46,139
c0.001**

  Difference
p

1.69±1.45
d0.001**

-3.00±1.14
d0.001**

 1.75±1.59
d0.001**

x2: 62,933
c0.001**

c: Kruskal-Wallis test, d: Wilcoxon signed ranks test, SD: Standard deviation, VR: Virtual reality
**p<0.01

Table III. Comparison of pain score pre-dressing and post-dressing

  Groups Test value

Control group A VR group B Cartoon distraction group C p-value

Pre-dressing Min-max (median)
Mean+SD

0-3 (2)
1.75±0.88

0-4 (2)
2.47±1.05

0-4 (2)
1.91±0.99

x2: 8,658
c0.001**

Post-dressing Min-max (median)
Mean+SD

1-4 (3)
2.50±0.67

0-4 (0)
0.50±0.92

0-3 (1)
1.09±0.93

x2: 49,234
c0.001**

  Difference
p

0.75±0.67
d0.001**

-1.97±1.18
d0.001**

-0.81±1.15
d0.001**

x2: 56,372
c0.001**

c: Kruskal-Wallis test, d: Wilcoxon signed ranks test, SD: Standard deviation, VR: Virtual reality
**p<0.01
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aged from 2 months to 10 years with burn injuries requiring 
a hydrotherapy session and found that projector-based 
VR was a feasible and acceptable intervention for the 
management of procedural pain. Asl Aminabadi et al. (26) 
studied the impact of VR distraction on pain and anxiety 
levels during dental treatment in 120 children aged from 
4 to 6 years and found that VR eyeglasses decreased pain 
perception and state anxiety. In this sense, our findings 
are in line with the literature. Therefore, we may conclude 
that the VR headset is an effective method to distract the 
attention of children and reduce their pain and anxiety 
while undergoing a dressing change.

The findings of various studies support the preposition 
that cartoon distraction is an effective and practical 
method to reduce pain due to medical procedures 
(3,27,28). In our study, the cartoon distraction group 
obtained lower pain and fear scores than the control 
group and the difference between the groups was 
statistically significant (p<0.01) (Table II and III). Similar 
to our findings, Cohen et al. (27) found that watching 
a cartoon during immunizations was an effective and 
practical intervention to reduce the pain and anxiety of 92 
children between the ages of 4 and 6 years. Downey and 
Zun (28) conducted a study on 100 children between 3 
and 18 years of age who visited an emergency department 
due to acute pain from any cause. They found that 
starting to watch a cartoon five minutes before a painful 
intervention was an effective method to reduce perceived 
pain (28). The quasi-experimental study of James et al. 
(29) on 50 children between 3 and 6 years of age found 
that an animated cartoon was an effective distraction 
strategy to reduce pain. Devi et al. (30) reported that 
perceived pain decreased after the intervention of an 
animated cartoon video as a distraction strategy among 
preschoolers. Lobo and Umarani (31) conducted a quasi-
experimental study on 60 children of 3-6 years of age 
and found that cartoon distraction reduced venipuncture 
pain. Similarly, Yoo et al. (32) found that animation 
distraction using a laptop computer reduced perceived 
pain during venipuncture in 40 children between 3 and 7 
years of age. Kuo et al. (33) allocated 276 children aged 
3 to 7 years into control, picture book and animated 
cartoon groups and found that cartoon distraction was 
a more effective method to reduce behavioral stress for 
children aged 4 to 5 years. Wang et al. (34) randomized 
300 children aged 8 to 9 years into cartoon distraction, 
psychological intervention and control groups and found 
that the pain score of the cartoon distraction group was 
lower than the psychological intervention group.

Lee et al. (11) compared the effects of viewing an 
animated cartoon with playing with a favorite toy on 
preoperative anxiety in 130 children between 3 and 7 
years of age and found that allowing children to watch 
animated cartoons was a very effective method to alleviate 
preoperative anxiety. Gupta et al. (35) randomized 70 
children of 7 years of age into the groups of children who 
were held by a family member during venipuncture and 
child who were held by family member in conjunction 
with an animation distraction during venipuncture and 
they found that children who received an animation 
distraction intervention had lower levels of pain. Hussein 
(36) allocated 75 school age children into control, 
active distraction (i.e. playing a video game) and passive 
distraction (i.e. watching a cartoon) groups and they 
found that the pain scores of the active distraction group 
was lower than the other groups. The findings of Hussein 
(36) contradicts our findings. This difference may be 
related with the active interaction of the children with 
the video game in the study of Hussein (36), which may 
be a better distraction technique than a passive cartoon 
distraction. Similarly, Inan and Inal (37) randomized 180 
children of 6 to 10 years of age into control, video game, 
cartoon and parent distraction groups and found that 
playing video games was the most effective method to 
reduce pain perception in children during venipuncture. 
The findings of Inan and Inal (37) are also different from 
our findings and this difference may be related with 
the possibility that video game as an active distraction 
technique may be more effective than a passive cartoon 
distraction technique.

In this study, children who watched a video with a VR 
headset were the active distraction group whereas those 
children who watched a cartoon on a tablet were the 
passive distraction group. The literature suggests that both 
distraction techniques are effective to reduce pain and fear 
among children during dressing change. The VR distraction 
group obtained significantly lower pain and anxiety scores 
than the cartoon distraction and the control groups (21). 
This finding is in line with the literature, which suggests that 
active distraction methods are more effective than passive 
distraction methods as a means of reducing anxiety and 
pain. However, no studies in the literature had compared 
the effectiveness of VR and cartoon distraction. This study’s 
findings imply that VR glasses allow children to actively 
interact with the video so that it was more effective than 
the passive cartoon distraction technique as a means of 
reducing fear and pain.
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Although there are many studies that use VR 
technology to reduce pain and anxiety in pediatric 
patients (21), in clinics, it is not widely practiced by nurses 
or other healthcare professionals. For the widespread 
uses of the VR method in the clinic, it may be necessary to 
use more interactive VR glasses where children can also 
participate instead of only watching. It is also believed 
that standards should be established for evidence to be 
used in clinics.

Study Limitations

The sample of this study is limited to those patients 
from the department of pediatric surgery in University 
of Health Sciences Turkey, İstanbul Bağcılar Training and 
Research Hospital. For this reason, the research findings 
may only be generalized to the patients who have similar 
characteristics to our sample.

Conclusion
This randomized-controlled study, which aimed to 

assess the effects of VR and cartoon distraction techniques 
on pain and anxiety in children while undergoing a dressing 
change, found that the VR distraction method was more 
effective than the cartoon distraction method as a means of 
reducing fear and pain in children aged 7 to 10 years of age 
who had undergone abdominal surgery. 

Within this context;

• Using a VR headset and allowing children to watch a 
cartoon should be extended as distraction techniques to 
reduce pain and fear of children while undergoing a dressing 
change.

• Procedural pain management guidelines prepared 
for the pediatric patients should include VR and cartoon 
distraction techniques.
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Introduction
Vaccines are considered to be the most effective health 

intervention in terms of cost and reliability in preventing 
infectious diseases worldwide (1-3). Decreases in mortality 
and morbidity of many infectious diseases are seen with 
vaccination programmes (4,5). The March 2018 report 
of the World Health Organization (WHO) stated that 
immunization prevents 2-3 million deaths per year globally 
(6).

Measles is a highly contagious viral infection with 
potentially serious complications (7,8). Although it has a 
safe and effective vaccine, it remains a major cause of death 
among young children worldwide. According to WHO data, 
more than 140,000 people died of measles in 2018 (9). In 
2019, 2,785 cases of measles were reported in Turkey, 197,683 
in the African Region, and 429,650 worldwide (10).

The WHO emphasizes the necessity of vaccination 
against measles for all vulnerable children and adults. It is 
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also reported that standardization is required to ensure that 
two doses of the measles vaccine are included in the national 
vaccination schedule of all countries (11). The measles, 
mumps, and rubella vaccine (MMR) is administered to all 
children in Turkey in the 12th month and in the first grade of 
primary education by health organizations within the scope 
of the expanded programme on immunization (3).

Despite the potential benefits of vaccines, the rates 
of parental hesitation about childhood vaccines have 
increased, and vaccine refusal has become increasingly 
common (4). Increasing cases of vaccine hesitancy and 
vaccine refusal lead to decreases in vaccination rates, 
causing an increase in the frequency of infectious diseases 
(5,6). The re-emergence of vaccine-preventable outbreaks in 
many countries, including measles and pertussis, is cited as 
evidence of this situation (6). Measles outbreaks have also 
been reported in Europe due to low vaccination rates (8).

Parental vaccine hesitancy and refusal are two of the 
reasons for low vaccination rates in both developed and 
developing countries (1). The main reason reported for rejecting 
or interrupting vaccination is concern about the safety of one 
or more vaccines (12-14). This anxiety is often experienced 
towards the MMR vaccine. In particular, concerns have been 
raised over the past two decades that the MMR vaccine 
causes autism spectrum disorders due to their mercury 
content (15). This concern has led to a decrease in vaccination 
rates in Europe and the United States and an increase in the 
number of many vaccine-preventable diseases (1,12). However, 
the reasons for parental vaccine hesitancy and refusal include 
information gaps, parental distrust of vaccines and the health 
system, negative propaganda spreading on social media (2), 
and the belief that vaccines overburden the immune system 
(15). Cases of vaccine refusal and individual vaccine exemption 
for non-medical and personal reasons manifest as major public 
health issues in the form of outbreaks, imposing considerable 
economic and social burdens on countries (6,8,16). Only a 
few studies have examined the factors affecting parental 
attitudes and practices in vaccine hesitancy and refusal, 
which have become increasingly common in recent years, 
severely affecting public health. This study investigated the 
vaccination status of those children admitted due to measles 
and explored their parents’ beliefs and practices on vaccine 
hesitancy and refusal.

Materials and Methods

Study Design and Participants

This descriptive research was conducted between 
November 2019 and March 2020 at a training and research 

hospital in eastern Turkey, in a province with a mixed 
population structure engaged primarily in seasonal 
agricultural labour, with high fertility rates and high poverty 
levels.

The inclusion criteria for this study were as follows: 
parents whose child; (1) (3-6 years old) was diagnosed with 
measles and hospitalized for treatment; (2) who could 
understand and speak Turkish or Kurdish; and (3) who 
volunteered to participate in the study. Parents whose child 
had a history of a diagnosed metabolic disease or psychiatric 
disorders were excluded from this research.

All parents meeting the inclusion criteria within the 
specified dates were included without sample selection. 
The researchers visited the inpatient ward three days a week 
(Monday, Wednesday, and Friday) to collect study data from 
the parents. The study was completed by collecting data 
from 89 parents.

Data Collection

The introductory information form and the State-Trait 
Anxiety Inventory (STAI) were used for data collection. The 
data were collected by the researchers using a face-to-face 
interview technique lasting 20 minutes on average.

The introductory information form was prepared by 
the researchers in line with the literature (2,12-14,17). 
The questionnaire consisted of 28 items to evaluate the 
sociodemographic characteristics of the children and their 
parents, as well as the disease characteristics (e.g., the 
duration of hospitalization, the duration of the rash, and the 
path of transmission) and vaccination practices.

STAI: This is a self-report scale developed by Spielberger. 
It consists of two sub-scales (with 20 items each) that 
separately assess the level of state and trait anxiety. The 
total score of each sub-scale varies from 20 to 80. Higher 
scores indicate higher levels of anxiety (18-20). This scale 
has been proven to be valid and reliable for the Turkish adult 
population by Öner and LeCompte (21). In this study, the 
Cronbach’s alpha was 0.83 for the State Anxiety Inventory 
and 0.88 for the Trait Anxiety Inventory.

Pilot Application

After the data collection form was developed by the 
researchers, it was submitted to three faculty members, 
two from Paediatrics Nursing and one from Public Health 
Nursing-for their expert opinion. A pilot study involving 10 
parents was carried out after the questionnaire was revised 
according to the expert opinions. In the pilot study, the 
questions on the data collection form were evaluated in 
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terms of clarity, understandability, and deficiencies, and 
incomprehensible statements in the questionnaire were 
revised. In this way, evidence was sought for the content 
and face reliability and validity of the questionnaire. Then, 
the questionnaire was finalized and readied for the actual 
application. The data from the pilot study were not used 
due to changes and corrections to the questionnaire.

Ethical Approval

The necessary ethical permission from the İnönü 
University Health Sciences Non-Interventional Clinical 
Research Ethics Committee was obtained (ethical approval 
number: 445-4). The study purpose was explained to all 
parents who met the research inclusion criteria, and the data 
collection form was given. Parents were informed about the 
study, and those who agreed to participate voluntarily and 
signed the written informed consent were included in the 
study. After the data collection was completed, training on 
childhood vaccinations was provided by the researcher to 
address the parents’ lack of knowledge under the “ethics 
principle of beneficence”.

Statistical Analysis

SPSS Version 22.00 for Windows (IBM Corp., Armonk, 
United States of America) was used for statistical analysis. 
From the descriptive statistics, mean, standard deviation, 
percentage distribution, and frequency distribution were 
used. The Shapiro-Wilk test was implemented to determine 
whether the sample data were normally distributed. The 
chi-square test and independent samples t-test were 
used to compare data between those parents who had 
and those who did not have their child vaccinated. The 
data were evaluated at a 95% confidence interval, and 
p<0.05 was set as the significance level. The Cronbach’s 
alpha reliability coefficients were calculated for the two 
inventories.

Results
Table I summarizes some of the sociodemographic 

characteristics of the children and their parents. In this 
study, 61.8% of the children were female (n=55), and the 
average age was 4.75±0.93 years (n=89, one child per 
parent). In addition, 51 of the 89 children (57.3%) lived in 
an extended family type, and 50.6% of the families had 
poor socio-economic status. Among the parents, 40.4% 
of the mothers were housewives, 43.8% were working as 
agricultural labourers, and 77.6% of the fathers were factory 
workers. In addition, an average of 9.66±4.98 children lived 
together in one household.

The distribution of the reasons for measles vaccine 
refusal is presented in Table II and Figure 1. Of the 
children included in this study, 61.8% [95% confidence 
interval (CI): 28.4-46.1] did not get the measles vaccine. 
The reasons for this included family elders’ unwillingness 
(60.7%; 95% CI: 52.8-70.5), negative media reports 
(57.3%; 95% CI: 49.4-67.1), fear of vaccine side effects 
(51.7%; 95% CI: 42.7-61.8), a lack of home visits by 
midwives/nurses (42.7%; 95% CI: 34.0-51.7), the belief 
that children die because of the vaccine (27%; 95% CI: 

Table I. Distribution of some socio-demographic characteristics 
of the children and parents

Variables Mean ± SD Min.- Max.

Child’s age (years) 4.75±0.93 3-6

Mother’s age 31.28±8.30 20-49

Father’s age 35.75±5.94 25-48

Number of children 6.00±3.32 2-13

n %

Child’s gender

Female 55 61.8

Male 34 38.2

Child’s educational status

Not going to school 50 56.2

Pre-school 39 43.8

Chronic disease in child

Yes 18 20.2

No 71 79.8

Mother’s education level

Illiterate 52 58.4

Primary education 17 19.1

High school 12 13.5

University 8 9

Father’s education level

Illiterate 53 59.6

Primary education 15 16.8

High school 4 4.5

University 17 19.1

Family socio-economic status

Good 18 20.2

Middle 26 29.2

Bad 45 50.6

Total 89 100

SD: Standard deviation, Min.: Minimum, Max.: Maximum
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17.2-37.9), a lack of reminders by midwives/nurses for 
the vaccine (23.6%; 95% CI: 16.9-36.4), and negative 
attitudes towards health care professionals (14.6%; 95% 
CI: 7.1-26.0) (Table II, Figure 1).

Of the parents, 52.8% (95% CI: 43.8-64.5) reported that 
their child had not had any other childhood vaccinations 
that are included on the national vaccination calendar. The 
reasons for the refusal of all vaccines included unwillingness 
of family elders (52.8%; 95% CI: 43.8-64.5), negative media 
reports (50.6%; 95% CI: 41.6-62.9), a lack of home visits by 
midwifes/nurses (46.1%; 95% CI: 37.4-56.2), vaccine side 
effects (42.7%; 95% CI: 31.8-52.8), the belief that children 
die because of vaccination (27.0%; 95% CI: 19.1-39.0), 

and negative attitudes towards health care professionals 
(27.0%; 95% CI: 19.4-37.1).

Parents reported that their children had been infected 
with measles in the street/neighbourhood (80.9%), park 
(49.4%), hospital (37.1%), or at school (21.3%). The duration 
of hospitalization of the children was 3.92±1.34 days (range, 
1-7); 50.6% had a rash on their skin, which continued for 
1.39±1.46 days. Among the parents, 79.8% had a fear of 
measles, 29.2% reported performing “etching”, a traditional 
method of healing the child (burning with hot iron bars on 
the skin to treat various diseases), 59.6% reported that their 
other children also had an infectious disease, and 58.4% 
reported the presence of refugees in their neighbourhood; 
also, 52.8% reported that they would not vaccinate their 
children in the future.

The parents had an average state anxiety score of 
60.15±5.73 (95% CI: 58.53-61.30) and an average trait 
anxiety score of 50.21±3.33 (95% CI: 49.58-50.87) (Table 
III).

Table IV compares some characteristics between 
those parents who had and those who did not have 
their child vaccinated against measles. The study data 
indicated that a significantly higher number of girls were 
not vaccinated than boys. Also, 10.5% of parents living in 
a nuclear family did not vaccinate their child, and not all 
parents of the extended family type had vaccinated their 
children. The education level of the parents, occupation 
of the mother, socio-economic level of the family, age of 
the child and the paternal age were the factors affecting 
the vaccination of the children against measles. The 
duration of the rash in children who did not get the 
measles vaccine was significantly higher than those who 
got the vaccine (p<0.05). The mean anxiety scores were 
significantly higher in those parents who did not get their 
child the MMR vaccine than in those who did (95% CI: 
58.94-61.36, p=0.017 for trait anxiety; and 95% CI: 49.51-
50.91, p=0.001 for state anxiety) (Table IV).

Table II. Reasons for measles vaccine refusal among parents

n % 95% CI 
values

Measles vaccine status

Made 34 38.2 28.4-46.1

Refused 55 61.8 53.9-71.6

Reason for vaccine refusal*

Family elders’ unwillingness 54 60.7 52.8-70.5

Negative media reports 51 57.3 49.4-67.1

Fear of vaccine side effects 46 51.7 42.7-61.8

Lack of home visits by midwives/nurses 38 42.7 34.0-51.7

The belief that children die because of 
the vaccine 24 27.0 17.2-37.9

Lack of reminders by midwives/nurses 
for the vaccine 21 23.6 16.9-36.4

Negative attitudes of health care 
professionals 13 14.6 7.1-26.0

*Some parents have reported more than one reasons.
CI: Confidence interval

Figure 1. Reasons for measles vaccine refusal among parents

*Some parents have reported more than one reasons

Table III. Parents’ State-Trait Anxiety Inventory Scores

Mean ± SD Min.- Max. 95% CI values

State anxiety 
inventory 60.15±5.73 44-66 58.53-61.30

Trait anxiety 
inventory 50.21±3.33 40-54 49.58-50.87

SD: Standard deviation, Min.: Minimum, Max.: Maximum; CI: Confidence 
interval
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Table IV. A comparison of some characteristics of parents who had and did not have vaccine their child against measles

Variables Measles vaccine made
n (%)

Measles vaccine refused
n (%) χχ2/F and p-value

Child’s gender

Female 10 (18.2) 45 (81.8) χ2=22,274*

Male 24 (70.6) 10 (29.4) p=0.000

Family type

Nucleus 34 (89.5) 4 (10.5) χ2=70,099*

Extended 0 (0) 51 (100) p=0.000

Mother’s profession

Housewive 20 (55.6) 16 (44.4) χ2=51,348*

Agricultural labourers 0 (0) 39 (100) p=0.000

Factory workers 14 (100) 0 (0)

Mother’s education level

Illiterate 0 (0) 52 (100) χ2=77,642*

Primary education 15 (88.2) 2 (11.8) p=0.000

High school 11 (91.7) 1 (8.3)

University 8 (100) 0 (0)

Father’s education level

Illiterate 3 (5.7) 50 (94.3) χ2=78,763*

Primary education 11 (73.3) 4 (26.7) p=0.000

High school 3 (75.0) 1 (25.0)

University 17 (100) 0 (0)

Family socio-economic status

Good 18 (100) 0 (0) χ2=62,933*

Middle 16 (61.5) 10 (38.5) p=0.000

Bad 0 (0) 45 (100)

Child’s age (years) 4.41±0.89 4.96±0.90 F=0.628**
p=0.006

Mother’s age 30.52±6.84 31.76±9.11 F=11,759**
p=0.470

Father’s age 32.64±5.06 37.67±5.67 F=0.241**
p=0.000

Rash duration 0.14±0.60 2.16±1.30 F=29,071**
p=0.000

Parental state anxiety score 58.32±7.27 61.29±4.21 F=5,947**
p=0.017

Parental trait anxiety score 48.73±3.11 51.12±3.15 F=12,180**
p=0.001

*Chi-square test was used.
**Independent sample t-test was used
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Discussion
Although vaccines are the most successful and reliable 

public health intervention in history, a significant increase 
in parents’ negative attitudes towards childhood vaccines 
has been noted (4,15,17). This study explored the practices 
and attitudes of parents of children with measles in an 
eastern province of Turkey regarding childhood vaccination, 
especially the measles vaccine, and the factors affecting 
vaccination.

Different rates of vaccine hesitancy and refusal have 
been reported in the literature. In this study, 61.8% of 
children had not received the measles vaccine because of 
their parents’ refusal. However, this percentage is the non-
vaccination rate among those children with measles and 
does not reflect the overall community. Depending on the 
country- and time-specific hesitancy, there are differences in 
the rates of hesitant parents among countries (12). For the 
measles-rubella vaccination campaign, Krishnamoorthy et 
al. (13) found that almost a fifth (14.1%) of parents expressed 
hesitation in vaccinating their children. In a cross-sectional 
study conducted by Giambi et al. (12) involving parents of 16 
to 36-month-old children in Italy, the vaccine hesitancy rate 
was 16%. Furthermore, vaccine hesitancy and refusal are 
more common among some faith-based groups or ethnic 
minorities (15). Although the present study was a regional 
single-centre study, the finding of the high vaccine refusal 
rates is remarkable. This suggests that regional differences 
in vaccine refusal should be considered, and regions with a 
high refusal rate should be evaluated separately.

Many factors play a role in parents developing a negative 
attitude towards childhood vaccines (12-15,22,23). A previous 
Turkish study found reasons such as the belief that vaccines 
are dangerous or useless, a distrust of vaccines, a belief in 
natural immunity, a belief that the child will not get sick 
and are not in the risk group, a religious belief, and a belief 
that vaccines will cause autism and infertility (14). Some 
parents have a negative attitude towards all vaccines, 
whereas others have hesitation towards only certain 
vaccines, especially measles. In our study, the predominant 
reason (60.7%) as to why parents do not get their children 
vaccinated against measles was that “parents do not want 
children to be vaccinated”. The excessive influence of family 
elders on parents was due to the patriarchal social structure 
in the study cohort, with half of the families being of an 
extended family type. Notably, none of the parents of the 
extended family type had their children vaccinated against 
measles. This finding demonstrates the impact of family 
elders on vaccine refusal.

Negative media reports were found to significantly 
affect (57.3%) the refusal of the measles vaccine. Negative 
news and propaganda on social media have been effective 
in increasing vaccine refusal rates (2,13). The most popular 
of these negative reports establishes a link between the 
measles vaccine and autism (14,15). Jama et al. (15) reported 
that mothers stated that some children stop talking after 
the measles vaccine; based on this, they believe that the 
measles vaccine causes autism. Hviid et al. (24) evaluated 
the relationship between the MMR vaccine and autism 
in 657,461 children and found strong evidence that this 
vaccine does not increase the risk of autism. Despite studies 
showing that the measles vaccine is not associated with 
autism, the perceived relationship between the measles 
vaccine and autism remains a common concern influencing 
vaccine hesitancy and refusal (1,2,12,14).

In our study, 51.7% of the parents did not vaccinate 
their child because of the side effects of the vaccine. 
However, the side effects seen after the vaccine are usually 
local and mild (7,17). During a national catch-up measles 
vaccination program, 152,648 children in the 7-14 age group 
were vaccinated, and 30% of them reported side effects. 
More than half of the reported side effects were local 
and mild (7). These results show that parents do not have 
accurate knowledge of the side effects and that unfounded 
beliefs negatively affect the vaccination rates.

Another factor in parents’ negative attitudes towards 
vaccination was their “negative attitudes towards health 
care professionals”. Sabahelzain et al. (1) reported that 
complex factors such as religious causes, geographic 
barriers, old vaccine experiences (pain, fever), and the role 
of health workers contributed to vaccine refusal. The fact 
that health care professionals play an essential role in 
vaccine hesitancy and refusal supports our research findings 
(2,12,13).

Other reasons for vaccine hesitancy and refusal include 
information gaps, vaccine safety, parental distrust of the 
health system, and the impact of social networks (2). In our 
research, 52.8% of parents reported that their child did not 
receive any other childhood vaccine. We determined that 
the reasons why parents do not vaccinate their children 
were in line with the reasons why they do not get the 
measles vaccine.

We found that vaccination rates among children were 
significantly lower in those parents with a low education 
level (Table IV). This finding is similar throughout Turkey. The 
rates of vaccination of children against measles decrease 
with decreasing levels of maternal education (25). A study of 
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461 participants in India found that rates of vaccine hesitancy 
increased as parental education levels decreased and factors 
such as maternal age, maternal education level, and the 
profession of the parents were other sociodemographic 
characteristics affecting vaccine hesitancy (13). However, 
there are studies that indicate otherwise. One study 
investigating parental knowledge, attitudes, and practices 
about vaccination reported higher rates of vaccinated 
children of those parents with lower educational levels and 
of younger parents (4). These results show that numerous 
variables affect vaccine hesitancy and refusal.

In the present study, family type and socio-economic 
status were found to influence the parents’ decision to get 
their child vaccinated, and all the parents with an extended 
family type and poor socio-economic status had failed 
to get their children vaccinated against measles (Table 
IV). Similarly, a study investigating the causes of vaccine 
hesitancy and refusal of parents found that those parents 
who rejected the vaccine had a lower socio-economic level 
(14). The Turkish Demographic and Health Survey also found 
that the children of parents with low income and those 
living in rural areas had lower rates of vaccination (25). In 
addition to the poor socio-economic level of the parents in 
the present study, the proportion of farmworkers was also 
found to be high. Families working as seasonal agricultural 
workers go to other cities temporarily for 4-7 months each 
year, live in tents, and thus have difficulty accessing health 
services during this process. This may contribute to the 
lower vaccination rates in the children of parents who work 
as seasonal farmer labourers.

A noteworthy result of this study is that a large 
proportion of parents (52.8%) stated that they would not 
vaccinate their children in the future. In 2019, the WHO 
declared vaccine hesitancy as one of the top 10 threats 
to global health (13). Our research also found that a large 
proportion of children suffering from measles were not 
vaccinated. This is the negative public health implication 
of vaccine refusal for vaccine-preventable diseases. Some 
studies consider the refusal of childhood vaccines to be 
child neglect (14,26). A study that assessed the ethics of 
not getting children vaccinated against measles stated that 
the vaccination should not be a parental choice; it should 
be considered a social obligation, and society is obliged to 
provide vaccination if the parents fail to get their children 
vaccinated (26).

Our data also revealed that the state anxiety levels of 
the parents were high (60.15±5.73), and that there was a 
significant difference between the state and trait anxiety 

score averages among those parents who had and those 
who did not have their children vaccinated (p<0.05). This 
condition, which indicates that parents have experienced 
anxiety, should not be associated with vaccine refusal 
because a large proportion of parents stated that they will 
not vaccinate their children in the future. Thus, the high 
levels of parental anxiety can be explained by reasons such 
as hospitalization, being away from work, staying at home 
with other children, or an interruption of their activities of 
daily living.

Study Limitations

This study has several limitations. First, the fact that the 
research only included those parents of hospitalized children 
diagnosed with measles is a significant limitation of this 
research. Second, the single-centred nature of the research 
conducted on participants with particular sociodemographic 
characteristics reduces the generalizability of the research 
findings. The region has a culturally mixed characteristic, 
with a high refugee population and a very broad perspective 
of socio-economics and education. Therefore, the research 
findings do not represent all of Turkey.

Conclusions
In this study, many factors such as family elders, media 

reports, vaccine side effects, and attitudes to health care 
workers played a role in the parents’ refusal to get their child 
vaccinated against measles. Community-based training 
should be carried out to address the misconceptions, 
concerns, and lack of knowledge about this vaccination. 
Both parents and family elders must be included in this 
process of raising awareness of vaccines.

Health care professionals play a critical role in 
informing families about vaccinations. Therefore, health 
care professionals, who are the most reliable and vital 
source of information for parents, must undergo a training 
process and repeat this training periodically. Sharing the 
best evidence with the community through health care 
professionals can prevent the spread of misinformation.

Renewing the policies on vaccinations, establishing 
standards, and imposing legal sanctions can be effective 
in reducing vaccine refusal rates. Some standards can be 
established; such as proof of vaccination so that children 
can attend a public school or a day care facility. Future 
studies should involve parents of different ethnic and socio-
demographic characteristics and other vaccines included 
in the vaccine calendar to further explore parental vaccine 
hesitancy and refusal.
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Introduction
An accident is an unplanned, unexpected, sudden 

occurrence of injury, damage, or loss of person/property 
that can be avoided (1). According to the World Health 
Organization, an accident is defined as “an unexpected 
event that leads to physical and mental impairment that 
occurs suddenly” (2). An injury that happens in a house 
or in the surrounding area is called a home injury. In other 
words, home injuries are injuries that occur in the living 
room, kitchen, bedroom, balcony, garden, garages, etc. 
Home injuries are considered to be an important public 
health problem as they can lead to injury, disability and 

death (3). Children have a high risk of home injuries due to 
a lack of awareness of hazards, sensitivity to environmental 
risks, and a curiosity about finding and learning. Especially 
in the pre-school period, children who are at home are more 
susceptible to home injuries. Injuries affect the health of 
the child by acting physically, psychologically and socially, 
causing disorder, illness, disability and even death. Although 
there is no definite number for home injuries in Turkey, 
according to research, it has been determined that 18-25% 
of all injuries are caused by home injuries. In our country, 
the ratio of home injuries in children between 0-6 years old 
was reported to be 38% (4) and it was found that 50-80% 
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of falling events in the same age group resulted in death (5). 
Injuries which are the result of misbehaviour or negligence 
are preventable by precautionary measures.

The purpose of this study was to determine the 
frequency of home injuries seen in children over 3 years 
of age who were attending kindergartens attached to the 
Directorate of National Education located in a provincial 
centre and to investigate the home-related characteristics 
of these injuries and any relationships between parental 
safety measures and home injuries.

Materials and Methods
This cross-sectional study was conducted at a provincial 

centre in the Mediterranean Region. The study sample 
included children over 3 years of age who were attending 
all kindergartens attached to the Directorate of National 
Education in the province centre (n=1,399). It was planned 
to reach the entire universe without sampling but only 1,240 
children were included due to reasons such as absenteeism, 
not knowing Turkish, not accepting the questionnaire, etc. 
(88.6%). Data were collected by means of a questionnaire 
on the socio-demographic characteristics of children and 
the safety of the house in terms of home injuries, “The Scale 
for 0-6 age group of children in order to detect Security 
Measures Against Homicide” and by face-to-face interviews 
with their mothers. Çınar and Görak (6) developed a scale in 
order to recognize the measures to be taken by the mothers 
of children between the ages of 0-6 years for the protection 
of their children against home injuries. This scale is Likert-
type 5 and includes a total of 40 items among which 34 
were positive and 6 were negative. In this scale, answers 
are given in the form of always, often, sometimes, rarely or 
never. Among the responses to positive statements; always 
was assessed as 5 points, often as 4 points, sometimes as 
3 points, rarely as 2 points and never as 1 point. Among the 
responses to negative statements; always was assessed as 
5 points, often as 4 points, sometimes as 3 points, rarely 
as 2 points and never as 1 point. Scores were calculated by 
adding the points from each item of the scale. The lowest 
score that can be obtained from the scale is 40, and the 
highest score is 200. A high score indicates that the mothers 
displayed positive behaviour in taking security measures 
against home injuries. The Cronbach’s alpha coefficient was 
reported to be 0.82, and was calculated to be 0.87 in this 
study.

All accidents, injuries and characteristics were classified 
using the International Classification of Diseases-10 
diagnostic code system (7).

A 20-item checklist which identifies security measures 
to be taken at home was prepared and the number of 
security measures implemented/identified at home was 
determined. The minimum number of security measures 
that can be taken is 0, and the highest number of security 
measures is 20.

The dependent variable of research was the condition 
of child who had had a home injury in the past year; and 
independent variables were; age, gender, having a chronic 
illness, the presence of a person in need of special care at 
home, income status, mother’s age, mother’s educational 
status, mother’s occupation, father’s age, father’s 
educational status, father’s occupation, type of house, type 
of home heating system and the security measure scale 
points. Data were evaluated using descriptive statistics, 
t-test and chi-square analysis via the SPSS version 15.0 
package program.

In univariate analysis, variables that were significantly 
related to home-related injuries (having chronic illness, low 
income, number of home-based measures) and the safety 
measure diagnostic score (not significant) were included in 
the logistic regression model. The analysis was performed 
by the backward-LR method. The model fit was assessed 
by the Hosmer-Lemeshow test and as the test result was 
p>0.05 (p=0.672), it was determined that the model had a 
high predictive value.

Required permissions for the study was obtained from 
the Ethics Committee of the Süleyman Demirel University 
Faculty of Medicine (Decision no: 200).

Results
In our study group, 50.4% were male, the average age 

was 55.8±9.0 months (Table I). 92.1% of the children’s 
families were nuclear families and 8.2% of children’s 
families had low income. The mean age of the children’s 
parents was 33.1±5.0 years (mothers) and 36.3±5.4 years 
(fathers). 51.0% of the parents and 60.0% of the fathers 
had graduated from university. 40.7% of the parents and 
1.7% of the fathers were not working. 81.5% of the houses 
in which the children live were apartments (Table II). 
26.4% of the children had had a home injury at some point 
in their life and 7.3% of them had a home injury within 
the previous year. Within the previous year, the two most 
common types of home injuries resulted from falling from 
rest/armchair/furniture/tree (25.3%) or collision with 
objects (19.2%). The most commonly injured area of the 
body was the upper and/or lower extremity (53.5%). The 
most common cause of injury was household items/blunt 
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Table II. The characteristics of the research group about family and house and their distribution according to home injury status

Characteristics Totala
Home injury occurance

p-value
Positive Negative

Family type [n (%)]

0.215
Nucleus 1142 (92.1) 84 (7.4) 1058 (92.6)

Extended family 66 (5.3) 2 (3.0) 64 (97.0)

Single parent 32 (2.6) 4 (12.5) 28 (87.5)

Number of people living at home [Mean (±SD)] 3.9 (±0.9) 4.0 (±0.9) 3.9 (±0.8) 0.612

People who needs special care at home

0.657Yes 21 (1.7) 1 (4.8) 20 (95.2)

No 1219 (98.3) 89 (7.3) 1130 (92.7)

Income level of the family

0.826Poor 17 (1.4) 1 (5.9) 16 (94.1)

Middle and upper 1223 (98.6) 89 (7.3) 1134 (92.7)

The income-expense balance of the family

0.002Income equal to expense or income more than expanse 1138 (91.8) 75 (6.6) 1063 (93.4)

Income less than expense 102 (8.2) 15 (14.7) 87 (85.3)

Mother’s age [Mean (±SD)] 33.1 (±5.0) 32.8 (±4.6) 33.1 (±5.0) 0.580

Educational status of mother [n (%)]

0.286High school and lower 608 (49.0) 49 (8.1) 559 (91.9)

University and higher 632 (51.0) 41 (6.6) 591 (93.4)

Table I. The descriptive characteristics of the research group and their distribution according to home injury status

Characteristics Totala
Home injury occurance

p-value
Positive Negative

Age of children [Mean (±SD)] 55.8 (±9.0) 54.7 (±10.3) 55.9 (±8.9) 0.003

Gender [n (%)]

0.462Male 615 (49.6) 48 (7.8) 567 (92.2)

Female 625 (50.4) 42 (6.7) 583 (93.3)

Number of siblings [Mean (±SD)] 0.9 (±0.8) 1.0 (±0.8) 0.9 (±0.7) 0.502

In which order [n (%)]

0.429
First-single 833 43 (6.8) 590 (93.2)

Middle 73 8 (11.0) 65 (89.0)

Last 534 39 (7.3) 495 (92.7)

Chronic disease [n (%)]

0.021Yes 64 (5.2) 10 (15.6) 54 (84.4)

No 1176 (94.8) 80 (6.8) 1096 (93.2)

Total [n (%)] 1240 (100.0) 90 (7.3) 1150 (92.7)

SD: Standard deviation
aThe percentages given in the total column are column percentage; others are row percentage
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objects (68.7%). 63.6% of the children were treated in a 
health facility after their injury and 3.0% had permanent 
damage (Table III). The injuries mostly happened in the 
living room (25.3%). The injuries most frequently occurred 
in June-July-August (38.4%), on Tuesdays (19.2%) and in 
the afternoon (47.5%) (Table IV). The mean score of the 
security measures of the mothers was determined to be 
174.5±15.2 (minimum: 98/maximum: 200). The safety 
measures score was lower in those mothers whose children 
who had had an injury (p=0.040). It was determined that 
fewer safety precautions were taken in the homes of 
those children who had had an injury (p=0.018) (Table II). 
Household injuries were more frequent among children 
with chronic illnesses and those living in families with 
lower incomes (p=0.021 and p=0.002) (Table I and II). 
There was no difference in the frequency of household 
injuries according to variables such as age of the child, 
number of siblings, number of children, number of people 
living at home, or the age of the parents or their education 
(Table I and II).

The variables and analysis results that were significant in 
this model when the variables that were significantly related 
in univariate analyses (having chronic disease, low income, 
home prevention measure, and security measure diagnosis 
score) were taken into the logistic regression model are 
shown in Table V. It was seen that a chronic illness in the 
child [odds ratio (OR)=2.68] and a low income in the family 
(OR=2.73) were found to increase the incidence of home 
injuries. On the other hand, a high security assessment 
diagnostic score of the mothers (OR=0.98) was found to 
reduce the incidence of home injuries.

Discussion
In this study, the frequency of home injuries in children 

over 3 years of age attending a kindergarten was determined 
and factors relating to these home injuries were examined. 
26.4% of the children were found to have had a home injury 
during a period of their lives, and 7.3% were found to have 
had a home injury within the previous 1 year. Similarly, in 
a thesis study conducted by Boztaş (8) with children aged 

Table II. Continued

Characteristics Totala
Home injury occurance

p-value
Positive Negative

The working condition of the mother [n (%)]

0.234Not working 505 (40.7) 42 (8.3) 463 (91.7)

Working 735 (59.3) 48 (6.5) 687 (93.5)

Father’s age [Mean (±SD)] 36.3 (±5.4) 36.3 (±4.5) 36.3 (±5.4) 0.952

Educational status of father [n (%)]

0.503High school and lower 496 (34.0) 39 (7.9) 457 (92.1)

University and higher 744 (66.0) 51 (6.9) 693 (93.1)

The working condition of the father [n (%)]

0.882Not working 16 (1.7) 1 (6.2) 15 (93.8)

Working 1219 (98.3) 88 (7.2) 1131 (92.8)

Type of house [n (%)]

0.931Apartment 1010 (81.5) 73 (7.2) 937 (92.8)

Single house 230 (18.5) 17 (7.4) 213 (92.6)

Type of house heating [n (%)]

0.504Heater 1139 (91.9) 81 (7.1) 1058 (92.9)

Stove 101 (8.1) 9 (8.9) 92 (91.1)

Number of security measures taken at home [Mean (±SD)] 15.9 (±2.6) 15.2 (±2.6) 16.0 (±2.6) 0.018

Security measure diagnostic score [Mean (±SD)] 174.5 (±15.2) 171.4 (±16.7) 174.8 (±15.1) 0.040

Total [n (%)] 1240 (100.0) 90 (7.3) 1150 (92.7)

SD: Standard deviation
aThe percentages given in the Total column are column percentage; others are row percentage
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between 0-48 months, the incidence of injuries as a result 
of home injuries during their lives was reported to be 24.5%. 
In a study conducted in a children’s clinic of a university 
hospital, 30.2% of children in the 0-6 age group were found 
to have had at least one home injury (9). It is possible that 

some families would not remember an injury after a certain 
period of time. At the same time, some families might try 
to conceal some of their home injuries. Considering these 
facts, it can be thought that the frequency of home injuries 
in children is higher than reported (10). This is an important 
public health problem because of the high incidence of 
home injuries in children and their consequences such as 
permanent injury or even death. One of the most important 

Table III. Characteristics of injuries due to home injuries in the 
last year in the research group

Characteristics n (%)

Type of injury

Falling from bed/sofa/furniture/tree 25 (25.3)

Collision with objects 19 (19.2)

Falling due to slipping/falling from the stairs 17 (17.2)

Compression, catching, crushing, pressing between 
objects 10 (10.1)

Contact with hot liquids/household appliances/
materials 8 (8.1)

Contact with animals/biting 6 (6.0)

Contact with sharp object 5 (5.0)

Other** 9 (9.1)

Injured region

Upper and/or lower extremity 53 (53.5)

Head -neck-eye-ear-face 40 (40.5)

Body-thorax-back 3 (3.0)

General (poisoning-drowning) 3 (3.0)

Injury-causing object

Household goods/blunt objects 68 (68.7)

Hot objects (stove, hot water, fire) 7 (7.1)

Animals 6 (6.0)

Cutting/drilling tools 6 (6.0)

Electric/electric tools 2 (2.0)

Other 10 (10.2)

Intervention in health facility after injury

Yes 63 (63.6)

No 36 (36.4)

Result after the injury

Full recovery 95 (96.0)

Permanent damage 3 (3.0)

Temporary damage 1 (1.0)

Total 99 (100.0)

*In the past year, a total of 99 injuries happened including 82 children involved 
in one injury, 7 children involved in an injury for two times and 1 children for 
3 times.
**Contact with electrical devices/electric shock 2 times; ingestion of foreign 
bodies in to body cavities/skin 3 times foreign body evacuation/threats to 
breathing 2 times; medicine etc. biological substance poisoning 2 times

Table IV. In the research group, space and time characteristics 
of the home injuries in the last year

Characteristics n (%)

The place where the injury happened

Lounge 25 (25.4)

Living room 14 (14.1)

Children room 14 (14.1)

Kitchen 14 (14.1)

Garden 8 (8.1)

Master bedroom 7 (7.1)

Entree 7 (7.1)

Apartment vacancy, stairs, elevator 5 (5.0)

Balcony, roof 3 (3.0)

Bathroom 1 (1.0)

Toilet 1 (1.0)

The month of the injury

December-January-February 19 (19.2)

March-April-May 24 (24.2)

June-July-August 38 (38.4)

September-October-November 18 (18.2)

The day of the injury

Tuesday 19 (19.2)

Monday 18 (18.2)

Friday 16 (16.2)

Wednesday 15 (15.2)

Saturday 12 (12.1)

Sunday 12 (12.1)

Thursday 7 (7.0)

Time period of the injury

Afternoon 47 (47.5)

Evening 27 (27.3)

Morning 23 (23.2)

Night 2 (2.0)

Total 99 (100.0)
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reasons for the frequent occurrence of home injuries is 
that these injuries are unpredictable. Many of these injuries 
happen in situations where risky behaviour is not foreseen 
by families (11). Another reason is that children have to live 
in an environment which was designated for adults (12). 
Designing children’s environments according to the needs 
of children and taking precautions against injuries will 
significantly reduce the risk of home injuries.

In this study, it was determined that the two most 
common home injury types were falling and collision with 
objects respectively within the previous year. In a thesis 
study conducted by Gündüz and Aytekin (13), it was found 
that the most common causes of home injuries were falling 
(55.0%) and collision with objects (15.2%). In a study by 
Özmen et al. (14), it was found that falling was the most 
common type of home injury. This may be due to the fact 
that this age group is not yet aware of the danger, their 
muscular coordination has not yet reached a sufficient 
level, they have increased mobility and there is a lack of 
supervision by their parents.

In this study, it was determined that the most 
commonly injured area in children was the upper and/or 
lower extremity. As the most common home study accident 
is falling, extremity injuries can be seen more frequently. 
This result is compatible with other studies in the literature. 
In a survey conducted by Kılıç et al. (15), it was found that 
the most frequently injured body areas were hands, arms 
and fingers (55%), and legs and feet (27%) were second. 
In a study conducted by Sütoluk et al. (16), it was reported 
that the most common injury type was the upper extremity 
injuries.

In this study, it was determined that children had 
injuries the most frequently in the living room. In most of 
the studies in the literature, the most common location of 
accidents at home was identified as the living room (9,13,17). 

This can be thought to be due to the fact that families spend 
most of their time in the living room, and that children use 
this part of the house as a playground.

In this study, home injuries were found to occur most 
frequently in summer. It is reported in the literature that 
injuries related to home injuries occur more frequently 
in spring and summer (18). This may be due to increased 
movement of children because of increased air temperatures 
and associated increased movements.

In this survey, it was found that home injuries most 
frequently occur on Tuesday. A study by Şahiner et al. (19) 
found that home injuries are most common on Monday. It 
is thought that injuries happen more often as a result of the 
parents being more tired after the first working day of the 
week and thus supervising their children less.

In this study, it was determined that home injuries were 
seen more frequently in the afternoon. This may be due to 
the fact that this part of the day is play-time for children. 
This result is similar to other studies in the literature. 
Boztaş’s study (8) reported that home injuries occur most 
frequently between 12.00 and 19.00 hours. In a thesis study 
conducted by Yıldırım (20), it was found that children aged 
between 1-4 years had home injuries most frequently in the 
afternoon.

In this study, it was determined that the presence of a 
chronic disease in the child in multiple analyses was one 
of the determinants in the increasing incidence of home 
injuries. Children with health problems can be considered to 
have a higher risk of injury because they are more sensitive. 
Boztaş’s study (8) found that children who had health 
problems experienced twice as many home injuries in a two-
week period when compared to children who did not have 
any health problems. In this study, it was determined that, 
in multiple analyses, a lower family income is a determinant 
in the increase in the frequency of home injuries. In other 
studies in the literature, it was stated that the children of 
families with low socio-economic levels have more home 
injuries (10,21,22). This may be due to the fact that families 
with low economic levels have poor housing. The priorities 
of spending may differ due to the inadequate economic 
situations of these families. As a result, the necessary 
arrangements may not have been made to prevent injuries 
at home.

In this study, it was determined that in multivariate 
analyses, high scores on the safety measures of the mothers 
were determinants in reducing the incidence of home 
injuries. In other studies in the literature, it was reported 
that children who had had home injuries had a lower score 

Table V. Logistic Regression Analysis Results

Variable *
OR 
(95% confidence 
interval)

p-value

Presence of Chronic Disease in 
Child 2.68 (1.30-5.51) 0.007

Lower income of family 2.73 (1.49-4.99) 0.001

Security Prevention Diagnostic 
Score 0.98 (0.97-0.99) 0.029

Hoshmer-Lemeshow Test 0.672

OR: Odds ratio (Estimated Relative Risk) 
* In the Logistic regression analysis Backward-LR method; “Number of Security 
Measures to be taken at Home” is excluded from the model.
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in the diagnosis of security measures by their mothers 
(10,13). This age group of children are not conscious of 
protecting themselves against injury. For this reason, it is 
very important for the mothers to create safe environments 
for their children and to remove any dangerous objects or 
keep their children away from dangerous situations.

In this study, it was found that although there was not 
a decisive factor in the multivariate analysis of the lower 
security measures taken at home by some families, fewer 
safety measures had been taken in the homes of children 
who had had a home injury in univariate analyses. An 
unsafe home environment plays an important role in the 
occurrence of home injuries. Home injuries are preventable 
events when injuries are predicted by identifying risk factors 
at home. A study by Balibey et al. (23) reported a significant 
positive correlation between the home unsafety score and 
home injuries per child.

Study Limitations

In this study, due to the memory factor, it is possible that 
parents might not have remembered or not fully remember 
home injuries which had happened to their children. The 
findings from this study are specific to the city where the 
study was conducted and differences may be seen with 
other cities or across the country. This cross-sectional study 
has limitations. As the cause and the result were evaluated 
at the same time, it is difficult to say that the factor lead to 
the result.

Conclusion
It is important for healthy societies to be protected 

against risks and for individuals to be in a healthy 
environment throughout their childhood. Injuries are an 
important problem which affects all of the people in a 
society and these preventable events can occur frequently 
during childhood, having negative health effects by causing 
physical and psychological problems.

In this study, it was found that one in four children 
had had a home injury at one time in their lives, the 
most common home injury type being falling, and the 
most frequently injured area was the upper and/or lower 
extremity. It was determined that injuries occurred most 
commonly in the living room, during the summer months, 
on Tuesdays and in the afternoon. Those with chronic 
illnesses, those with lower family income, and those with 
lower scores on the identification of security measures by 
their mothers were found to have more frequent domestic 
injuries.

Children in this age group are very inquisitive. Parental 
supervision of their children is very important as a means 
of prevention from possible injuries. It should not be 
forgotten that home injuries are not a matter of bad luck 
and they can be avoided if measures are taken. In order 
to determine the precautions to be taken, parents should 
make observations in the house and in the garden by going 
down to the eye level of the child. As a result, possible 
hazards can be determined and eliminated. Children 
should be informed about the conditions they should be 
careful about and the actions that should not be done, 
and they should be informed about the results of their 
negative behaviour. Particularly, awareness studies should 
be carried out for mothers and other child carers regarding 
home injuries.
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Introduction
Corrosive esophageal injuries are a major health 

problem worldwide, especially in middle-income countries. 
The main purpose in the treatment of these injuries is the 
survival of the child, the prevention of perforation and 
esophageal stenosis, the preservation of oral nutrition 
and the continuity of quality of life (1,2). Therefore, nurses 
should get to the core of children’s needs by using nursing 
models in the care of children with these injuries. They 

should also establish an authentic and understandable 
relationship with the patient’s parents (3).

Watson’s Theory of Human Caring Model, which is 
one of the nursing models that help nurses to provide this 
care, defines the basis of nursing care as science and art 
(3-5). Since love and compassion are at the center of this 
model, it requires knowing the strengths and weaknesses 
of individuals and their reactions to events (5-10). In order 
to achieve all this, this model with three basic concepts 
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is needed, namely, a transpersonal caring relationship, a 
caring moment, and caritas processes.

In this case, the problems and care of a 6-year-old 
girl and her parents who were hospitalized for gastric 
transposition surgery due to corrosive esophageal injury 
were evaluated according to Watson’s Theory of Human 
Care Model.

Case Report
This case report was made in accordance with the CARE 

Guidelines Checklist.

Case Information and Clinical Findings

The patient was a girl and she had accidentally drunk 
drain-cleaner at the age of five. Immediately after the 
accident, the girl’s parents took her to a hospital. She 
was treated for 45 days in the hospital. Due to respiratory 
distress, the patient was connected to a mechanical 
ventilator. In the following days, when she could not 
be taken off the mechanical ventilator, a tracheostomy 
was performed. She could not be fed orally because 
of the stenosis in the long segment of the esophagus. 
Therefore, enteral feeding started from the gastrostomy. 
She was dilated nine times in the hospital, but these 
dilatations failed. Thereupon, her parents applied to the 
pediatric surgery of a university hospital in another city.

At the age of six, the patient underwent gastric 
transposition surgery. She was in the intensive care unit for 
six days after the operation and was monitored for three 
days with a mechanical ventilator. After being taken off 
the mechanical ventilator, she suffered from coughing and 
secretion. An attempt was made to initiate enteral feeding 
via a jejunostomy followed by oral intake in intensive care. 
When the child’s general condition stabilized, she was 
brought to the service and was kept under surveillance for 
14 days.

Timeline

This model was started from the moment the child first 
came to the clinic and continued until her discharge from 
hospital (Figure 1).

Diagnostic Assessment

In the perioperative process, chest radiography, 
laboratory tests (hemogram, biochemistry, coagulation) 
and blood product preparation were performed.

Therapeutic Intervention

Nursing care was applied to the child and parents via 
the three basic concepts of this model: transpersonal care 
relationship, caring moment, and caritas processes.

Transpersonal Caring Relationship

The transpersonal caring relationship is the first basis 
for going to deep care known as the caring moment, with 
love and respect for all humanity (4). Looking at the family’s 
past perceptions, her parents stated that the child was in a 
peaceful and happy family. It was seen that the child and her 
parents were tired and exhausted. The parents stated that 
the girl was nervous and had psychological problems due 
to the recurrent surgeries. The mother was tired of coming 
to the hospital all the time and the father was anxious. The 
parents were asked, “Can you inform us about your goals 
and expectations after leaving here?” for interaction. As 
a part of the transpersonal caring relationship, before the 
gastric transposition surgery, the parents and the child 
were supported via the efforts of the nurse, physician, and 
dietitian.

Caring Moment

The caring moment is the moment when two people with 
their own history come together and create a meaningful, 
authentic, and spiritual connection between them (4). The 
first maintenance moment started a bit unfavorably as 

Figure 1. Timeline of the case according to Watson’s Theory of Human Caring Model
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the child was contacted in order to apply an intravenous 
catheter. In the later moments of care, arrangements 
were made regarding nutrition, which is the most basic 
requirement in the perioperative period.

Caritas Processes

The caritas process is the essence of nursing and is a 
guide for nurses. These processes lead to the emergence 
of the healing and caring aspect of nursing. The caritas 
processes consist of 10 caritas factors (4). In this context, 
the evaluation of the child and her parents is given in Table I.

Patient Follow-up and Outcomes

In this case, there was a high level of anxiety in the child 
and the parents, as well as a sense of helplessness and guilt 
in the parents. The girl and her parents were supported by the 
perioperative caritas processes. The girl and her parents were 
observed in line with the nursing interventions. The result of 
this observation was evaluated both objectively (weight 
monitoring, respiratory sounds, and self-care requirements) 
and subjectively (parents’ feedback). The parents and the 
child’s self-confidence increased, they became happier and 
calmer individuals. While communicating with the nurse, 
they were more comfortable and were able to go into 
deeper issues. Before being discharged, the child wanted to 
be photographed with the nurse.

Discussion
This section is discussed over the three basic concepts of 

this model. These are the interpersonal caring relationship, 
the caring moment and the caritas processes.

This model has been used in the care of chronic diseases 
such as hypertension, chronic heart failure, and cancer 
which require long-term treatment in nursing (6-10). In this 
case report, this model was used for a child who had come 
22 times into the pediatric surgery unit.

Transpersonal Caring Relationship

The transpersonal caring relationship involves the 
scientific, professional, ethical, aesthetic, creative and 
personalized giving and taking behaviors and reactions 
between nurses and patients. In this model, a holistic 
approach is used in the interpersonal care relationship (5). 
Based on this model, Aktaş et al. (8) were able to express 
the hidden feelings and thoughts with the interaction 
established in a case diagnosed with schizophrenia (9). In 
a study conducted on this subject in a pediatric intensive 
care unit, it was found that a unique relationship with 
pediatric patients was able to be established using this 

model (10). In this case, the nurse tried to establish a 
natural, sincere and authentic relationship with the child 
and the parents. The nurse asked the child and their parents 
to express themselves, share their experiences and express 
their expectations in order to evaluate this area. Thus, 
an attempt was made to establish a relationship of trust 
between the nurse, patient and parents.

Caring Moment

The caring moment in this model is the process of 
understanding each other between the caregiver and the 
care-recipient (4). Erbay et al. (7) highlighted a sincere, 
understanding and patient approach to those patients 
who experience hypertensive attacks by using this model in 
nursing care. In this way, the participation of the individual in 
nursing care practices was ensured (7). In this case, although 
the first care moment was negative, it turned into a positive 
situation when the nurse learned the expectations, beliefs 
and feelings of the child and her parents in the following 
days. Communication between the nurse and the child 
began to increase. This situation started to increase the 
satisfaction of the mother and father of the child.

Caritas Processes

The caritas process is the last step towards problem 
solving in this model. This improvement process consists of 
ten steps. Caring behaviors are used in this process. These 
are touch, sensitivity, active listening, eye contact, comfort, 
honesty, respect, trust, openness, and accessibility. In 
a case report, care behaviors such as touch, sensitivity, 
active listening, eye contact, comfort, honesty, respect, 
trust, and openness are accessible (4). Ten individualized 
care approaches were applied to ten individualized healing 
processes in the case of uterine atony according to this 
model. With the care given, it was observed that the 
mother’s trust increased, her worries decreased and she 
took a more active role in the care of her baby (9). In this 
case report, the child and their parents were supported 
with a perioperative caritas processes. The child and her 
parents were observed in line with the results of nursing 
interventions.

The care given according to the Watson’s Theory of 
Human Caring Model offers a different approach from the 
care given according to the medical model. This model 
reflects the essence of nursing. This model focuses on 
healing individuals with the concept of love and compassion. 
The care provided by Watson’s caritas processes ensures 
that individuals are treated in a holistic way, and so it 
increases the satisfaction and safety of the individual. 
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Table I. Nursing care applied to child and parents according to Watson’s Theory of Human Care Model (Caritas Factors and Caritas 
Processes) (4)
Caritas factors Caritas processes

Formation of a humanistic-
altruistic system of values 
(Embrace)

The child and her parents were approached with love, sincerity, understanding and patience. The nurse introduced 
herself. She then called girl by name. The opportunity to watch cartoons and play games was given in the 
perioperative period. Eye contact was made with the child to overcome the child’s fear of nurses. Her mother and 
father were respected. She has been told that the growth curve of the girl is the same as her peers in order to reduce 
your parents’ anxiety. Her parents were respected. Despite all the experiences, the importance of accepting the child 
and family as they are was explained.

Instillation of faith-hope 
(Inspire)

The child and her parents were encouraged to ask questions about her disease to express her fears and thoughts, and 
were supported that he could achieve positive results if they cooperated with the treatment team. The girl was given 
the opportunity to play games with other children. Positive and reassuring communication was established with the 
child to express their concerns and fears. The girl stated that he wanted to go to the restaurant with her family to 
eat meatballs and potatoes after the operation. Both parents stated that they wanted the child to be fed like their 
peers and to stop repetitive surgeries. She was honored for the fears, desires and hopes of the child and family. For 
inspiration, they were introduced to the other child with the same illness and their family.

Cultivation of sensitivity 
to one’s self and to others 
(Trust)

Her parents were told that they had to accept themselves spiritually, and then the current situation of the child. All 
the issues expressed by parents regarding the child’s situation were approached sensitively and without prejudice. 
Play and cartoon, which is the child’s interest, were used as a means of relaxation for the child. The results of the 
care given were treated with sensitivity.

Development of a helping-
trusting, human caring 
relationship (Nurture)

The girl was afraid and angry that she could not heal and undergo recurrent surgeries. When she cried, she was not 
prevented from crying for relaxation. In a helpful and reassuring manner, parents’ guilt was discussed. The trust of the 
nurse and the readiness of the nurse to help the patient and her family strengthened the relationship with the nurse. 
Support was provided for independence and individual freedom, not dependency on family and child.

Promotion and acceptance of 
the expression of positive and 
negative feelings (Forgive)

The negative emotions experienced by girl and her parents due to non-healing and recurrent surgeries were listened. 
Parents’ dream of being like their child’s peers was discussed. It actively listens and ensures that energy passes 
through without being consumed by the feelings of others. The patient and her parents rested, emphasizing that the 
energies of parents and child should not be consumed by negative emotions. The importance of staying as “a family” 
despite the constant hospitalization was emphasized.

Systematic use of a creative 
problem-solving caring 
process (Deepen)

Perioperative self-care needs of the child (nutrition, dressing, hair combing) were explained to her family. Preoperative 
and juicy foods were explained. Postoperative feeding in the upright position, eating less or less frequently were 
emphasized. Equipment attached to the child was removed when he needed to dress and undress. To solve secretion 
problem, the child was given a semi-fowler position and cold steam. The patient was taught breathing and coughing 
exercises. Mobilization of the child in the service and intensive care unit was provided. For the comfort of the child, 
she wanted to watch TV cartoons. The intensive care unit was taken with the child’s parents when appropriate. In the 
ward, time was arranged for the child to go to the game room for comfort. In the ward, support was provided for the 
patient to perform self-care needs. Continuity of those taught in intensive care was continued in the ward. It stated 
that the information taught to the child and her parents increases the trust of parents and the child and their anxiety 
decreases in both service and intensive care.

Promotion of transpersonal 
teaching-learning (Balance)

Girl and her parents were informed about the importance of oral feeding after gastric transposition. Information was 
given on excessive fat and spicy foods, and that foods that are too hard to digest should not be eaten, and that the 
bite was chewed well. It was emphasized that she should not eat at least two hours before going to bed at night. Her 
mother was told how to cook at home. Advice was given on how the child could alternatively give her favorite foods 
(making unseasoned baked potatoes instead of French fries etc.). I was told that the food at night should not be 
eaten. To prevent reflux, she was informed about how to lie in the semi-fowler position and how to give this position. 
In the learning-teaching process, they were helped to accept the information and readiness of learning and to accept 
others as they are and where they are.

Provision for a supportive, 
protective, and/or corrective 
mental, physical, societal, 
and spiritual environment 
(Co-create)

In the pediatric surgery service, the nursing room is in the middle of the ward and is an audible and mobile place where 
treatment is prepared, patient acceptance, and visits. Therefore, the patient’s room was identified as a quieter room 
away from the nurse’s room. The bed linen of the patient’s room was changed daily in the morning, and bathing was 
provided twice a week. The child’s room was left clean after invasive and non-invasive procedures. During her stay in 
the intensive care unit, the child’s self-care needs were met each morning and her linen was changed.

Assistance with gratification 
of human needs (Minister)

The child was helped with what she could do in her own care (issues such as oral care, oral aspiration). The equipment 
used in the care of the child (use of cold steam and aspiration device etc.) was explained to the girl. Favorite foods 
were added to the child’s diet (such as banana, potato, meatballs). She was told to eat these foods without skipping 
meals and in small bites. An observation was made whether the child and her family made all these attempts.

Allowance for existential- 
phenomenological-spiritual 
forces (Open)

The beliefs and hopes of the girl and the family were tried to be strengthened. The morale of the child and her parents 
was raised through the implementation of all process steps and trainings. Regardless of life, her parents were spoken 
about that what is essential in all situations is love and goodness. Despite all these difficult processes, it was talked 
to the child and their parents that every moment of life was full of goodness and love. The feelings and opinions of 
the child and her parents on this subject were also discussed. Here, the importance of love of family members for 
each other were emphasized.

*This table was created by the authors to show the nursing interventions made in accordance with the caritas factors in the Watson’s Theory of Human Care Model
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The positive change, satisfaction and increase in harmony 
observed in both the child and the family as a result of 
the authentic relationship established in this case report 
show the effectiveness of the Watson’s Theory of Human 
Caring Model. In addition, an example of providing holistic 
care in accordance with this model in pediatric surgery 
services is also shown. It is thought that this model will 
help nurses to determine the care needs of those children 
and their parents with corrosive esophageal injuries and 
to apply nursing interventions correctly. At the same time, 
maintaining this model-based care in all pediatric cases 
will help both the child and the parents to meet all their 
physical, psychological, emotional and spiritual needs and 
to provide nursing care in a holistic way. In-service training 
and courses should be organized to increase the awareness 
of nurses working in pediatrics and pediatric surgery services 
about nursing care based on Watson’s Theory of Human 
Caring Model.

Patient Perspective

The patient and her parents were happily discharged. 
Her parents were happy that their daughter was in a good 
condition. The girl was happy that she could be fed orally. 
Communication with the nurses became more cordial for 
the child.
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